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Method and Simulation of Micro Optical Elements

Fabricated by Digital Lithography Technology

Major Optics
Postgraduate  Xi Duan Supervisor  Jinglei Du

In recent years, Micro-Machine System (MEMS) and Micro-optical-Machine
System (MOEMS) technology based on micro-optics, microelectronic and
micro-mechanical device rapidly develop, which drive the increasing improvement
of micro-machining technique. It shows wide application prospect in a good many
high-tech field of aerospace, optical fiber communication, optical interconnect,
optical calculation and so on. It produces profound influence to the whole
information age, and brings ultimate change of traditional optics, traditional industry
and people living.

Micro-optics has acquired quite great progress in design theory and
manufacturing method. For further extending application field of micro-optics, the
manufaciuring method of micro-optics is advised more new requests. Therefore,
studying convenient and effective manufacturing new method of micro-optics is a
important direction of domestic and overseas micro-optics field now. This paper
presents new method of DMD real-time gray lithography of quickly, parallelly,
neatly fabricate micro-optics, and profoundly discusses the imaging theory of digital
lithography technology, quick and optimizing algorithm of digital image, and data
transfer and so on. We build a fire-new, applied partially coherent model describing
digital gray lithography process, and present serial digital image designing method of
properly modulating scanning-velocity, row space, digital image numbers, gray
configuration and image alignment space based on the model and the thought of
wavefront project of optimizing substract exposure dose distribution. It supplies basis
for micro-optical element fabrication and deeply development of digital lithography
technology.

Through the development of this technique, the conventional photolithography
is greatly simplified as a single DMD digital mask can replace a set of conventional
masks. Alignment between different levels of masks in conventional
photolithography is no longer necessary if the DMD digital mask is used. Because
the mask design can be adjusted in real time, it is comparatively easy to change the



mask design to compensate any nonlinear effects in aenial imaging, in photo resist
exposure, development and substrate etching process. Thus it gives a new and
effective approach for the fabrication of the arbitrarily shaped microstructure with
3-D continuous relief, and has very important significance to the development of
micro optics and MOEMS.

Keywords: digital lithography technology, real-time mask, DMD, optimizing design,
micro-optical elements
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ZHUE 70 FRERTHETE, FEREATRT Mk, Brhgesds, m
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ER, HRTEAMEM RS, VI ETHHATE, &5, WA, #ER,
e, MESHE, BHITHRS. XREAFSFLEHALRR. Bk, &
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D ESEAHBRER RN EENTREOERE. X, 1-4 5#HE
T EFBABAEE, 5—7 BHR T ZRDEASIFZMZRREE, 8—1
TR T 28 8 e 1R 0 88 i TR AR HE o

TH, BNEFE-LEATOTEALREE HEMOTERR. 8RS
H——RENME,

§2.3 WA

WRR—HENLEY, —RBBEREERFHSFHM, RERENS
BRAEMA SR ER. MY REMSND (B, H, #5), AT
BT T AR RS FRRHLER S RERL, MEXEERNMIRE.
st R, ERLFERRRERL, KRR,

B S R AV R 2 DR T B 88 R BRALSR (CdS) MBI &L, ERFA
WS IR AR B R — ot T LRI, SRR (CdS) fERER R
Emf4. REtnEETE 2-2 Fior.

XA SR EE R LA EGREMT / MTER. RIEIER,
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m=x DD *roxmw A DLP 4 B K a3 5K

=
A &
g

1T

$ 91011 12

FATAVi

77/

1 23435

B 22 B EE SR TEERD, LAFE: 2, 12FREEH: 3, 1L BNER,: 4.7.8%7
FERABE: 55 6.RE: S.EBENMMBERHE: o.BAR: 10E5R: 13.8BE

KRN —EETRREL —RERE (EABAN L) ABGEMREER
REEL, FARE—RERRBTE (ERELE L) ASHENS B R,
HmERFASHERBEARO S TR A—8, BTHRISROMER, ZFL
KBERELHRAE, BENETLS, Bd—MikEARE L RiEGAEE
HAR WS, "2k L.

§2.4 B /RETEDXIEHEE (PROM)

W0 7 R BRIE 6T 18" (Pockels Readout Optical Modulator, f&%K PROM)
B AR R miut RS A A28, HERLEE, Hild
eElldigalivaz: N

ATHELRLBNER, BEHATEHEWERNEN, BRREEER
%A RBESER: BHNHAESEFLBIERMXES B RESK.
HePRERH (BSO) SEMESIMMZEEARAHEBETRIRNEE, BSO A
EBAEXEFHAN, MATAFEERERY. EMEEBERERK, X
A=400~450nm KRR RE OEFHRERKX), T 600nm MK CETHRE
BN BeBEERNREE. BTFRBSEERRKOEIAEL, P TR
&, MLRRER, B HEREABAK, BOREREZE, AR
DIEHARBARZ BMEH TR,
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=% DD H3min s w5 DLP ik LBlE R 2o o ol Rerd s

BSO—PROM 2 X B #| B ERBH A B EBR AR, 7 BSO &#&H
B 3um BHALE, RARELBHERAXRAETABF. WREBA
—~MEENERSEAURSEATEN KX, SRS A034. B 23
H R4 PROM MEHRER, REAEUNMBREFRFEEE, MEHERT
RS AN TN,

1 2 4

/I- Iy ey i
Vorrrirerrearserres,
s ivirsrrrrsssrires.

6

4

m 2 RAIREELIE R L1400 .
- ¢
ereresererreomirs
@ 23 REREERBT B BARTEE D

1, 6 BHEE: 2, SEZE: 3WERHE:
4 FERRAE G Ak

PROM M LEiZ AR KRR, §AESNRFZHHRT R BSO KA
H3%, LI BSO MEREHE. RE, ETEHEENEESHN, E206E
KBS AHEHZRTEBE (B 24, LREERHBEA. &F, Bk
R RNIEE B E S AR AR GRIERAAM) 46, LHRERK
Wl RAMKOMKESEMT. REHER 56000 Vem’ MEALRER,; ¥tk
FE>500, BARE 10 HHEN 100lpymm; HRTETHRY 4em’,BK 35X
35mm?; TAEEK: BAN 400—500nm, iEH ¥ 600—800nm.

§2.5 REMEZERBHHF"

REFAE (Deformable Surface) Z5[8) Y58 A7 ] AEEBAE BHIHZE
FTRAETN, EHAERRE R B ZREL SRR, AHER
HEMYRILRE, Fim, #EME. SRR, &E. BHSEEEE. K
BEBRRAANGEEHMESE, RALZSRERHZEEREFHMIRRTE
B kid, BROUBAHTHEESHERSS, XEARERRZ RS
REHER L. EHRBERYELRHE 23S (Deformable Mirror Devices)

18



FE=® DD s 5 DLP sk PRI A AR T 38 53X

BERHESHRGEERA T IR ETHER, Mn@AEE (Titing
Micromirror) , Yo##£ /& (Grating Light Valve ™, GLV), ¥FEMRHHEEE

(Digital Micromirror Device, % DMD) . ALK 2. 7 F % DMD 4T
AN 4H.

§2.6 HTRAMEELEHSE
$2.6.1 BEEENIEHE

FOREEIE RS 38 R R AR NR BT S W R0 B 4 B E R R B
S5HEAN BHERE AR SHEL, FEMAL: X—BAERNZRE A
AREEN, MRUFREZRBIES: XBAGEBRE—EEE CFITT
ERMEENE) 44, BEELAGSREERRSTEBE FER
HIb# TR,

§2.6.2 HX=T[EXFHZF (MOSLMD

Bt AR S R AN REM AN ERRILRIERBAGER, FH

B YR N R 22 BRLR G A SR TR L
Y 4p, ¥
i

11

(e Px? x X

7T

& 2-4 HEEEIROEBEE™

MOSIM RAERBAEER, BENMEFXEEX 10ns BE, MEST
100Hz. §%% 128X128 K55 38 f-iSiik 20000z, ERF#EFEEEREE.
SfEC BT 200: 1, BEETIA 1000; 1. A REFBELH 128X 128, 256X 256

19



o DD srmamp % DLP K LB e S Y A as e

512X 512 % £ F . MOSLM 73 Bk & 71 E H e B & LMK . MOSLM
FiX—RE, RBHTEARLE-PM=A&H, BIMMEEREAMETHRIE
B, PEITERPEE. BAEEHFERMX—EE". MOSLM EEX
AR ARERLE, BERAHE, A¥EREATRELERGEINE
BN A .

PLENRRRETF A, FRREERNEATRARGE. Kb, ELFE
EHMELEEE (PLZD) WHE. HUBER (MSLM) AHI%E., 2B TFHH
%, BEANNBRGANBETERTEAEANE, FERF——NM4E.

§2.7 HEFRMEHREE (DMD)

TR, HERNREENEHEER, BNBRE (MEMS) BRMHEE
BRMER, —HHBRAGEHEILTRAARANBZ - RAURTARKE
(Digital Micromirror Device, f#ii#% DMD) [gjtit, #FHRHEEE, HIHRETFH
&, CREBERERM{RAST (Texas Instruments Corporate : fEifx T £
HH . HEEETERNS AT (T)H— L8 %X L) Hombeck 7E 1982 &
BT, B XM BHRIEE R R 5 %% E (Deformable Mirror Devices) ,
BREHEXHRGEHOAN T ESY, HIMEMETEHE RS TR E (Digital
Micromirror Device), 3 H O L™= R ki,

DMD #BIEIHRZE, TI AR—EEFENFT AEHAR. HIIEEXE
R TFHFREER (Digital Projection Display) 5 % Wi & 824 (HDTV) B7
i KRB SRR, SIE TR BRI R ZXE. BiE DMD
ER—HrEERRERGEOBMEZH ZNATRERLEFRD. Ak,
TI A FEETAHER DMD 1A ZEDLE BB AR~ REM T —HEH,
YEM B 454 DLP (Digital Light Processing), BISIFENXFLHE. RTHFHRER
FXTEXEMBRZS, DMD EaTLAR FERRIF L+ fERE# 0 Chardcopy) ™
HEHMBRBNAKMN 2EEEY: REBEEZRE™S. AT
DMD BTHFHRERT, XENAXEITRRLETHAN REEZRE/H
R FHET B o

DMD £ A —F R & R BT a2 B A6 3%, 5l RS R

20



B DD e ® A DLP 3K TR A1 123

b, HREOMERS. TERNE-MEILERED, THERERSA.
§2.7.1 DMD MR A=

DMD T LLE BTN : 640X480 (VGA), 800X 600(SVGA),1024X
768(XGA) K& 1280 X 1024(SXGA)Y%. B 2-5 F— 1024X 768 (XGA) K DMD #

HEEREE, EEFEMSR 1024X768 o RN ERSE, SMEHE
H O,

e LA - P . k]
E b & : X}
F . ]

3 5

-

B

(a) DMD #HUFEFE5 (b) #3%# DMD & A
2-5 DMD HH%ERE

= : , . y
Electrode Via 2 Comact
£0 CMOS
L7/ a% Metal3
==
- Ay

26 DMD WMEBTIHE & 27 BMEES DMD MBS R

21



o DVD Fmim kA DLP K N RS e i

B 2-6 "t T DMD M ¥ THI 4R E. DMD ERHAHEREF 4 E ™.
B-ERBRHELT, BMIENXRTH 16umX 16pm, FBEHIHK; F=
ERABR-RENNENINEE, F=ZER 3 £EE, FEHHBRIL
Bk, RE/ELERM “E%FS” (landing pads) 4Afk:; FUEEXAKR
BEREBIRE CMOS T, AR LHENSEFHE (RAM), #ltS
HERHEE MABRETERERECREERL, IRNETUSRE
Wi, RETRMERIRE S BR, RE/ENBRATMERLR
Beo %3t A8 R R S .

BHELER, ERFBLNARE, — FLEREN+HSY (RED, 7
— IR ES (HF0), IREURBREHBEILEE, HBRESNERT
IRz BgER— MR, FE-MEELE, FREESHERER,
HEEM “EEFE” Ak, BT “EBFE” (R, FRANREHES
REE—EMH (£12° ), B DMD BANER L HRIFH . ERENER
T, REBEH-EYETEMNEL, BHEMESHANE, XE, 818
THE=AEE: +12° (F). —12° (R) fo0° (EfES). H2-71ERT
—%+12° A—12° (REHMELTT.

§2.7.2 DMD #yT{EEm*™"

- Progection

Light From
{iuminator

f2-8 DMD I{EEER B 29 DMD IR RER

2



W DD mTF e R A DLP #UR BN A ST 3R 3

DMD A ZH A%, ATRFREAGRE, REVATHERENR
Bkl A 2-8 iR, RERHMAR SEZRARBNRA RN 20, K~
BERILBEBERS), EREFEHRSE=1+12° &, CREOARRIGE
A HRESREDEREER L, BR—RMER. SRAERREFEHL
E-12° i, REMELRERGEESRZYE, HLGELERH MR
o EHIE S ZHBIHMUA0RE, 2500 FRE 1220122 AR
A (UBEPTTFERGLEED 0°), HHRRE DMD MG TF AKX AR
F. LWERERRLREEHESFIIESA CMOS 2, DMD SAH K
TR, EEEERTUERELER.

§2.7.3 DMD BUi5 5

DMD FlXAHBMEER S, —BKAMBRERREEHHEEER,
HAeRRENERBRGREE. 5, DMD o U BRAKKRIEE R iR
AHE, ERAEHEIMLEET &4, HoHHERLERERBRYHHETZ,
& DMD ZAHE., RE. MHE. KB, AREEEWNNASEERES
¥ EEERT BT 2R AN R AKX .

DMD EH L FHA™:

(1) BEHR

X2 DMD FR ERTRHIE L 2% el DMD HHRARNLFARTZ
A, {22 DMD Bl L%, mE 2-10 FiR, DMD BN AKX RTH S
BELBRETHK. DMD # 640X 480 (VGA), 800X 600(SVGA),1024 X
768(XGA) K 1280 X 1024(SXGAYE L Mgt E MG, BHIRER TERK 1619
HEEHRWH DMD, B4R 37X2mm,—4 DMD LHEFEEHR 1920X
1080, ZFINFHUAFREME S FL L. TLFESEHFHEBRPOER,



o DMD T A DLP K PRI K et T R 3K

(Resclution) {Ciageonal)
—— 1820 r 10680
—— 1280 x 1024 - is .
1.4, it
‘ 15:9
—— 024 x 768 ——————
iads Pl {Aspect
800 600 —5-  _{* Rato)
a7l o 5:4
FCA
43
WL LMD pixe! size
- :,;;;.- 43 = 47 ym
2.
£l
SVGA XGA SXGA HDTY

i 2-10 DMD HHE VS BAMALZRT
(2) BRE
DMD 4 RERHEFFNRS, REERAZGEERY 89%. KEH
FEERS, BRAFRRNRTRE, A4 88%, BIBAEHBER. X%

HRRMGLGOES. T4, AARARER 61%.
(3) XTHRE. KB RERE

#£ DMD MIXEOFR) T, NRHZLRENERSLMMGRAY 40,4
40°, B RINEEE G IR BB, RELBRESLHEARENE,
Hex L EATIA R 1000 1 1, BRF R AREEE 2000 0 1 B E. fEA—IEF
W RS EDE R, EHRMREREEHFEONNSEILRE, Th
FHhbkpiEskES, Bl DMD $1KRF —ARAEEE 8bi256 R)EZE
10bit(1024 %), SFEE% Sbit AR A XK BFEE 256’ B 1600 JiH ARIMBE,
TR KN EREREELIEE HDTV HEXK.

(4) WHHE

BT DMD MiAHIhRE R B RARAOME LR, AfBRSELE
REGEDTHERRENTRYE, AEXAELERFELERN. BHA DMD
AMUEBL T TERRELE ARG, WEGER T EERURERED, &
B4 fr 3R 10 A/ . AKIERY, DMD 4 765X 104 A B AR K £ T
] B, XABRTREHEWKBEEEEH 760000,

(5) WIREEffE]

HTABREEHA 0.05—01u m), MURHENERRRZ, EHRE

24



o DVD s e B3 DILP 05 R e e A T 30 5

Hos, ERmREEEER, AEEHFSEREMXEA 100 s, ARRIR
A DMD RENTLUAEER TV 9 13 MM ERIEELERGB Z&FS, B
BT LLi% DMD fE A FRI L AR E “B P UBREHANER”.

§2.7.4 DMD 5R&ERTR (LCD) AIMEEEXSIL

15 & ¢ iRHI %, DMD 58 & ERME (LCD) Mk, HFEENHEEILS.
DMD #4552 7F 1000dpi BA L, BERBETHN 89%, ERARI L& 61%, R
EERMLMBHABESRETHERETE (TFI-LCD), SHENEREF—
BRI, SHEAE 50—200dpi 2.6, HAHT<T0%, XBEHEHN 20%—
40%; DMD XL TIA 1000 © 1, T LCD & &AL 700: 1; DMD $REH 6]
#7101 s, LCD WIRF}HE % 50ms—100ms, & DMD HEL&E T LA HEXR,
REDAGEHEBAFATHAERFNEZUKERE, FRAHEMRERE
B, WHERERASE, EAEET DMD, H%HEEEBAHN TR
HESEEME; DMD WTAEEMRELEAT IR, U LCD KEXAER
5 X; DMD A¥AHERRE, TUHSREBAMT KR, EETMHE
KO RSB, T LCD FEKBEKHEENMETAREREE; DMD I
FEMR(E, &K SKHz W F T FRL5IRHEMAFER, 1 LCD, ME
REREAHNBER, &2 HHEHERLRIRER.

§2.8 HFAFLIEDOLP)EA

F A DMD MAXF AT TR EAERBRETHMAMEE FLEL
3 (DLP). DLP R A REFEM R AR 199 EH R H K, FA 1,
28 3/ DMD MM =MEA DLP RECEHMLT, HZHATHRER
TR

§2.8.1 DLPSIKEEK

DMD R—MEHAEREM4, EROHRNRAEZNRHFRE, Bk
MREEFIERKEEGN, REETHFEHESRPEEMAIRIFEE

25



=% DVD s B DLP KA EINK St i3

A “FF7 X" MEfRIELE, PR REK R RE.

4 DMD WRHERER, AHARERFABIRYBREERLR, A
M= E—REFE A, ARM—MERPZMERMIES KRR TR
& . DMD i B a [R129 % 2 R0, DMD B9HLIEIF %R fR140 0 15 i (8
FEHEERAYNT),

TERML 4 238 Q6 PRESER) WAKIENKSFFI A, Kk
W ubkrP R RS (PWM) BAR, BHE2-11. KkFFIESHE—MRAET
MRHAFEOFERX OHK D HNRER, XENERMHETESY 20 2\ 22 2,
B 1, 2. 4. 8, BOERIBTEIEY (1) HABIKHE AL ( the Least Significant Bit ,
LSB), LSB —AMiktky 1/ (2Y-1), N A¥HEAIK. BEMHEIR (8) Ky
B 75 B AL (the Most Significant Bit , MSB ). Fik, —Miit (414 1/50 #)
Besrk 4 AMROLEETE B, WA HRES ZCHZESIMMEER L, 8
LSB +ECE] 1/15 Mk, LSB+1 4BCE] 2/15 4Mwikd, LSB+2 BCEI 4/15 M
i, LSB+3 4TS 8/15 Mkt .

Binary time intervals for 4bit gray scale

Note' to Llarity onby Central column ks
FHEeased and no RO SowCe I8 $howt)

onD  jun iy
7 m .. L]
S B N gl | | I 1T
s EEEs L el | B 1
« P fHNERER
m!n m’%h‘"‘ ' I"

2 AN (Sensations of Gray Shates

Fiold Time =1+ 2.4+ 4 4 #= 15 L58 Times &£eady By Viewer's Eyei

46 or (4 Bt Exampie

€an
o030y

2-11 4 £7 PWM Bk e 71 Bl 2-12 DMD )4 fr Bk RE RS RE

DMD 34 (= Thksh RS (PWM) [REBIRE 2-12 fim. ZsifE
T “1” Wz DMD BB mEE “F” WALE, “0” JE3h DMD MBI “ X7
RIRLE. #hn, BT 10 40 HEIRRA 1010, FERHFAHNRT, £ LSB+I
of (B] B A0 LSB+3 Bl B, DMD &F “7F ” #0iR7, 7 LSB R[a]ELR LSB
+2 W RIERH DMD & F “x” RF. ARMIEAE2EMX— S RFFIHE
&, FEHYKE 10 FRERR. FE, 8F 78 4 L2 #HFRRR 0111,
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B DVD scpmsm e 5 DLP K PRS- itk

‘CH LSB. LSB+1, LSB+2 XZHEBRRMASER. Bid 4 MrfEBHFE
WM&, BALA=E 2 (16) MEMBHKES 0, 115, 215, 3/15.....15/15).
XF N A —HBEERT g N SRR KE. BEIAMKETLT
DMD W& “FF” KA 87— e P BT & B9 EL (.

§2.8.2 DLP ¥ T{EERE™

5 DMD B ERG WA 2-13 B, ZRGREFEAEATE. RBAE
B RGB =6 §4E, KIRE AR DMD R84 RAM &1, M IvIEE H Tk,
BEBE—-MEEMASE (RGB) ZREEGEMSMAGSEY, K. 2.
B =G LAR EMFF S DMD 55, # DMD R I BL R L EER&E
REL. AEESUARETREY, ES-WHNERNEAE—E, 56
BHEEHNT S5 K ON/OFF 8§ 52 R, G, B (MIRAE L, MiE—
BoTRTR (B fEI PR A B R T E KRS . B, B4 —keaKE s, DMD ki
HEARSEHEET “A” HUE, HEIERN=ArRRHBRENNE
L, MEABMAEEY, RLEFR. G. BEARANAENK. TERHIF,
DMD B A RISEEREHFILEN A RSS! “F” HLE, XME5HE
MIFMRAK. BT EHFAELN KB E 8bit( Bl 256 ), B ST LL=4 256

(=1600 77) RAEHE.

®
.

L : 1l‘...1'|
- \j

2-13 #DMD BERGETEEN
TARERRNR -~ TEREE=/ DMD. BB X FH—4 DMD,
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o VD sxeusim i A DLP K BN R AR A T B TR

BHERMZRAERERGATAREEENARESEEA. B—HBAA
EAXIRL, FRE=ZCX, FREEAERA—ASUE DMD. &£— M,
B EERELE RIS W & B K DMD, BREFREMAKEIREL™
|- IMREREMBREER.

mFRFHEARNRA, DLP B2 F=EMBEKEFRIX 256—1024 4,
BEK 25601024 7, BERAEN%, BERERE, BHOKFERT R
B, WWEHARE.

§2.8.3 DMD M BER AR A0

%% DLP BIRHEAH, TI ARNENAMANGEMNRER TEGERY
BRI, FREEN BNERFREERTH. BT E DMD FES
ZHNANS, —HRBFNEGCEBEE R ZRNBEREAR L. &
DMD Discovery™ 1000 =K, F—Fr R % DMD #5188 R HHRER
DLP ¥ FMHRAEF. RENDERILFRETUE B SHEER A
B R MR E, AL 0.7 XGADDR DMD BVEBR & 7.6Gb/s B3 E T 1.

Discovery™ 1000 15/ £L15E 2-14 K& 2-15 £ 0.7 XGA DDR DMD.
Discovery ™ 5%l 2%, USB A/ OGN — M 2EMXHES. BTRERE
H%, HERSIRNANIINERE. BHKREF—4 USB &0, 52003 F
FEF USB2.0 B, afXFH/LEAZHSEEW/S. BF—MF 64 L (60MHz
DDR) B4 16 ME#I4 A HI-SSPEED 3 0, R O X F LR EE
ORFER#THRE, W S] 9700 WiHD .

SR JVERMRE, DMD B TIRKMRS. Fltn, PWM BEhRIER
FHEKANEEMNEEEZ (SDR) MMBXEIEE (DDR); WHHHA A E
ME10° BB +£12° %, FT—fH DMD SEXEFH A ENERER
EiR5, FA LVDS ¥#E#0, 0.7 XGA BEUREEH MILAEN 7.6Gbis BER
B, AR B,
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B=® DD smimean i A DLP 4 B8 ))| R A At Rt i 5

P 2-14 Discovery™ 1000 342K (EHE)

0.7 XG4 DDR DMD

P 2-15 Discovery™ 1000 #4124 (%)
§2.9 /g

FENMATZECRGIBO ALY, SERERSH, HELAZTEL
A2, WEGAR. PROM, BARECERNAHBSHET HANNE, ¥
ANABTHFURFERENGD. THERERES (BERIHE, BEH,
EXTHES), FHRSHERE TR, RyXEERE. BF, RHT DLP
BREMKFEWARE, LK R BHREN AL R bk R R H%E,
BUMKMSRELTREE—WP “F” REF & HHEL. XAHET DMD
PRI AR RN RILR M T R Bk,
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5% 3CHR:

1
2.

10,

11.

12.

13.

14.

15.

1.

EEW, BRE FHEAHERANE, IR B TSR, 199%.

H. K. Liu, JA.Davis, R. A.lilly, Optical data processing properties of a liquid crystal
television spatial light modulator. Opt Lett., 1985, 10 :635.

F. Mok, J.diep, HK.Liu, et al.. Real time computer generated holograph by means of a
liquid crystal television spatial light modulator. Opt Lett., 1986, 11: 748.

F.T.S.Yu, S. Jutamulia, J. W.Lin, et al. Adaptive real time pattern recognition using a liquid
crystal TV based joint transform correlator. Appl. Opt., 1987, 26; 1370.

REBE. WETHNBHBAE GHRRTAHR, BE: PERERARCERE
HUMERTSLAT, 1998.
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Kallman Robert R, Goldstein Dennis H. Phase-encoding input images for optical pattemn
recognition, Opt. Eng., 1994, 33(6): 1806.
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17.

18.

19.

20.

21.

22,

23.
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25.
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27,

28.
29.
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Its Application to Projection Displays. Society for Information Display Internatl.
Symposium Digest of Tech. Papers, 1993, 24:1012-1015.
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