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The great demands for the micro-devices with micromation, lightweight and
integration have vastly prompted the developmemt of the micro fabrication
technologies in information era. The MEMS and MOEMS techniques of the rapid
development based on micro optics, microelectronics and micro mechanics have
indicated an expansive future, which are applied in the aviation and space flight,
optical communication, optical interconnected network, optical computing and other
many high technique fields, and will also have a far-reaching impact on the military
science and technologies, industry and the living of the people which we confront in
the current century. The conventional photolithographic technology from VLSI
technique exists in large limitations for the fabrication of micro optical, MEMS and
MOEMS elements with three-dimension (3D) continuous structure. In this thesis,
the study on lithography technique with DMD digital mask for the fabrication of 3-D
arbitrarily shaped microstructures has been carried out. The system of DMD digital
masks lithography is proposed and set up through the sufficient investigation.
According to the characteristics of periodic microstructure of DMD, we present a
partial coherent imaging model of digital mask lithography. We had studied on
DMD grayscale, which is achieved by binary pulsewidth modulation of the incident
light. Because each micromirror structure of DMD is the same, it is only need to
give the imaging process of a single micromirror. In this analysis, object light source
is regarded as combination of many incoherent light source (single mirror), while
each mirror is illuminated by a coherent light source, that is, the imaging process is a
process of using partial coherent light. At last, the simulations have been made based
on the partial coherent imaging medel, and the micro-optical elements such as the
'micro lens have been achieved on SHSG through the applications of DMD digital
mask and enzyme etching technique.

When the DMD digital mask is used in the conventional photolithography ,
which is greatly simplified. Because the mask design can be adjusted in real time, it

1s comparalively easy to change the mask design to compensate any nonlinear
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effects in aerial imaging, in photo resist exposure, development and substrate
etching processes. Thus it gives a new and effective approach for the fabrication of
the continuous shaped microstructure and has very important significance to the
development of micro optics and MOEMS.

Keywords: Photolithography; Digital Mask; DMD: Grayscale; Microlens;

Enzyme Etching;
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ERAMB A RN R, EEEAMASIEBRT, ST v 2 %k
BRI B

W =az : (8)
IN e S e A | |
w,=ad, 9)
H#E v.~90° . (&R
a<<2m(n,-n)lA (10)

PSS E&AE, R e 43 B RWE AR H A T ST AT .

™N &5 EF —X Rtk P. A, P BIRET AIG X d( E R R RIS
@), Ml EN NIRRT RS Y . REHER A5 X #MTET, 0
IN BB ITRNT: HERMIBHT Y Fm, W TN SEET = R 8L,
ERAAR A BIFR N TN R & e () TIPS (B8 BN Ak £
R, BE v HATHEET 907, BRI P AR, WRPHAEAE
SRS . BT LR RE, AR — R KRR SRR,
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ZHEEIR INEERS TR, BRMLETE. Y4BINEINE LED
FHWEEEMEA RIS, BREEABE. BANKESFENAERT,
TR MEREY. ARWILENSFHTFIRKERER, 285
BN, TRENS TZRBNERNER. XK, RE—ERELEH
THEBHN, #8472 NESFE. fIEEE, BRTHHHRAFIRS
Tk, HMNsE, BTERSE. BHEEARAN, BATLEEHE®
MRS, TEHRENKY. —8& TN &7 5V 4B E T ik BB KRS
WME—JI&GER) . XH¥E—R, SMIREG SRR TN EHNETEETH, X
IF M F & B RIS M E R RE,

R TR RIE AT, LOD EABKER B m8BAEH A B, LD
2 ] S 18 )25 L A5 DB B R A (<BV) L Whe /s (P 7 B KA TLER) IO A& HR,
T 35 RO R B, Rk B T HIAR R T 2 T BT _

AR, TRFRERZT, BT LD AFEMMES, HBFEE—&FRE
ZAb: B, WT LD REHEFRE N IARE, LD AEMEHERERER
HIXTELE, BefFAE 700: 1, FRLUREERBEMEAER; KWk, LODE
FIRRTEA 99 5K (L ACER S BER A B, R /MHERFRHER
BNExRP, EREEIZAMRATRUERT A LD RE, REHRER
AEWHIFEE R, BELEFERE, ATEWEERENERRE: 5,
LD REZRITARAE, 44 56%, BRERERHENSENRITSE. LCD
MBREMELRELEFEN, REAFDBEREENBEN—BLENTISE
HANBHK, NTERTBMEEDBFAERK. LCD REEHNE 4 BiR.
B MEZE RS AL LCD A, X QR SR T $R i ™
FAR G

W |
L

Bl 4. LCDMIZESEW

15



DMD H R4 PO AT A X i

§ 2.2.2 %%%%ﬁﬁ:ég_# (PDP) (13, 14]

W T84 (Plasma display panel, PDP)BBRBIFIBIHIZ 1956 &F
I EHABRRN R E RS (Nixie &, HBE), TN FE S REBEERMER
R, LN 1966 4 I1llinois KZEFFMEE! AC JE3) PDP MIER, LK 1969 &
Burroughs 28 BEA#EE! DC 3¥xh PDP Hu R R AFRE, 1975 FRIE. H AC IKE)
F1DC A, HTHF. XFLERERK PP FFEAE K. 1985 &, NHKRH T
Bkrh 7 f5 8 DC LR PDP TV, 1993 &, ELEATSHEELI T H S,

RS ETH (Plasma), RIBEMEFRE, T HRMMBRSERN
W, FETEREM PP RFASERBECHEHT EAKTFHERE WM
5 fiR. 12 POP PHEBAANEFTRIT/NE, — R AHERE, ETHERSF
EARESE, —BRA NG H Xe (), FHe (8) A Xe BEMERES
Rk SR B EREMEE, RESERE, FESETH, d%ETF
ARSI BE TR RB AR RAMAT SR, FHRIBTTIRNS
TR HEL (Red), £ (Green), ¥ (Blue) ZEE}. X=MNFHAMHE
WMERRBSRR. ZREMNTSHERS, TULEEEZRHHG.

—| diglectric

"
! ' dichectric
| ety se | Aepads | soetrade | gl

T \
i i I.
Ked scintillalor Gireen scintillstor: Blue scindillalor

B 5. PP B T{ERE

PDPEA-MHFREERBHAENNE: KEERER, +HES,
BREE, OEE, WK, EFTMESE, 2RFHTE, SUIBEREA.
EHHAERE. HEERFHEELZD, PP F0FE— 8L, &5, DPD
W) BE 250V (LCD BIBREhAIE D F 5V), EMIThEXEREREE, F
T ARG RLRIET, KR, POPREMLARSTIEK, 4% 300~500
MK, AESREAER/MFERTHBEERES. Eit, B, PP TENE
THFBRER (Digital Projector Display) FIFEMIEESIE (HDTY) Ea
W25, EXAZREHEATHNELERER,

16
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§ 2.3 BIEMEMBELEE (DMD)

TR, —HAAMANTHAREEERER A, AERRATBRE
bk A ) S A 88— i e BT e (Digital Micromirror Device, DMD)
it HF MRS SERE, R FHE, CRERERFENRMNUER T (Texas
Instruments Corporate : fai&F TDEIERT M. BEEETFEHREEAF(TD
f— B R L. J. Hornbeck 7F 1982 SERBIMN"Y", BIFBRXFHBUERIELR
R G845 T (Deformable Mirror Devices), EREEXMFBGLEHHAKHTE
B, BHEMAMNBFH RS EEE (Digital Micromirror Device), # A
S FR PR o kAL

DMD HERHIHRZ B, TI AR —EARIEMF KEAR. BAiEETEN
RATHFREER (Digital Projection Display) R ®&iEMiEE B4 (HOTV) 1 8
AR, HRWH RS, SIETRERATLRNTEME, M5
DMD {4 --FresefE BB ARG NS FRE ENATEBLERHT .
A, TI AFEETIER DD AR E AR R RS T — 5
X, {FMBE+rk DLP, B Digital Light Processing, T EE L F w2
RIE RTRERREIBEEMNARZS, OMD BT BUEH T ERRIF= L o e T
M Chardcopy) ™ #MEFR SRBMEHA, 288", HEBERLR
B %, R T DD A FRBACE, RN AAHHER RO TFHENE
By & 5 PR B AY A AT B .

XD, BATEFE OMD 1520 K457 18) % 195058, ZE8E DT
FIEABEETE. diT OMD HoRrBR &1, ARELES LCD, PDP 57 (a1 M 41 583k 31,
TEENERNAPERFRE: ¥E, M R—MRHERNTR LS, &
FOEARTE, AT D LG8, FRAEM LD GEIED 4, Stys
@ HIK, D RFERT/D, BB EREREEER, 5L, DD B4R
A, HARIIBFR LR AT LR SR

H T T H% DND ZERCFHERD R RIBARMIIE R, RATRES—5 T 47 DMD fy3L
e, THRFREROLESE. THENEH#HTE RN,

§2. 3.1 DMD B A L2
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SEE R RghIRE (CPU) RiFEHAZ LS —#, DM &E—4 DLP
1R RS M ERZ O34 . DMD T LLF 640 X480 (VGA) , 800X 600 (SVGA), 1024
X 768 (XGA) % 1280 X 1024 (SXGA) %5 55 Fp il A & JUA% . ] 6 9 — 1024 X 768(XCGA)
FIDMD AL E, HEPHMRE S H 1024 X768 Pl R RIME A R, b
M B E DHELMRIPBEERBEES).

a L b
& 6. 1024 X768 DMD, 8] % 2 5% 464 B 1024 X 768 B AT R KB 4
R, ARG EEEOHELGRF RN,
a « HEF DM TH b, DMD 4)i54E M 7

Miires - & dag

B 7. —St R+ 12°F0— 12" DMD 38R T

DMD TRt 7 FiR™, E 2 P —x 4 Bl - 120 F— 1204
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(MBEUEERANERER, LETHEThSEBHRE.

Ly Tip
Toanben Hinps
[ =T
AZ¥eis
Eiectrode ¥t Yok
by Mg
Youe
AFEAA
o

Foiah Fanat = g i
Bus b Landeg

d b

Bl 8. DMD 2T 44 B
A TEEEMT A DMD BT MMTMIIEE, DMD BITHRRH 2R E 5 K
4 (8, MBE—%H, 3 2BHR CMOS Memory) W1 8™ $—/2 % DMD
BRMENME, BHETENE, BE 680K T58 M RERATEE,

R FEABENFAZAIEETERE (3 SBREF CHS Memory 2) #3
EHE. ZR_EP, MEREIARMENEEEEERIMIHEL. XFE—
MR RTT, N FURRTEEEEBE T A SRAM BT CMOS H % i Ik 7 3
. U —MAB R TAE H S RIBIE . RS SRAM BT — e
BEATF UL, HAER] CMOS BBR IR GRS B D IKEh MR S I it ah. Mok, 1BE
Memory S 7CHRA (1 B 0), P4 —4551. 3B ME RIBRSHIBE N R
Fi. RE, —AMK—MERE EEIZE DND 19 LE4E (s, MER) AT
AR (3 GEH, CMOS Memory, WEET LR, 4F) MIFEE—1BH. &
SIRE . ﬁ?%%k%ﬁ%‘tﬁfﬁjvﬁﬁf’ﬁﬁﬂ?; TP B (4T T A R 3 4 AR
MR TRk b, K1, BT DMD BT B84 (g, MBR) TFE5TF
MAEBRTIRE, S—EMERERE, MM RGN i EE
S F AR
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§2.3.2 DMD By L4EREEH

LR EE T # DMD M REME, HERITFTiE DMD ST T
3, #—L T i DMD A FEEAZINE RSP RS ER EROELFEA,

9 . DMD LFEmmE™

DMD A LRI RS SR — A RS, EEERRAREN T ERET R
—— XN ARFREESHENTRES AR EE, R EERRA
MER .. W, HERERESLENAR, TRARNTRE. T, HA
SOLBMRERMAEES, ARG REFECE+12°, BREEBREL
PR~ MRMRE, ME iR, SMREREFEME-12°, ASHEH
BRI BEES, A LERE A REORE. BHEE T sna
F0™RAS, AR TREE 4 12070 — 12 R RS (U7 TERM
fLEER 00, BHREH LREAN TR HMRE. SHFRERRY
WESESFIIBEAN CMOS BEN, DMD MWASEHAT A, HERER
W LAZERE LB,
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§2.3.3 DMD ¥

R B s BT ST, DMD 8¢ LCD F0 POP BRI AKIZETE R
M. METTIRAES, R01mE WD 2 6 A G 8w BIEME, —8R
KRN BEERRGEURBESE, EEREBNERBENREL. o,
DMD T LA R SO B AR S R R B R IR, X h E I R AL B T A A
Tigbt B LR R B T8, {F DMD ZEAMBEE. SREME. M.
WY BT R [0 %5 3 B s EEGAEIT B AT R HARMGHERMACRE. Hikk
DMD 7 415 #E 5 B A 1 B O P b 48 2250

DMD EH LA TFHF
=3 [29]
(1) HEHPE
[Resofution} {Diagonal)
——1920 x 1080
—1280 x 1024 - ' 5_4'
118 o
‘ 16:9
—— 1024 x 788 - .
0.9 in| -
e . {Aspect
[ B0x 600 ——5° A Ratio)
_?.7 (1L P ’ 5:4
43
DMD pixel size
. 43 =17 um
r" -
I
s .
- SVGA XGA SXGA HDIV

10, DMD 4r¥2 VS S R X Ak R~

DMD RE B HHE, X Et DMD MR ERTREELZREMN. DMD iR
ToHJLE R T B2 AR, B2 DMD FEFURTLLINSE, M 10 A7k, DMD ot Frxt
e RTBE 5 R AR E T K. DMD 3 640X 480 (VGA), 800X 600(SVGA), 1024
X 768 (XGA) & 1280X 1024 (SXGA) S MBENEME, HHEBEH THEREL 16:
9 R ML DMD, B 4E R~} 37 X 22mm, — > DMD _b (AR & 24 1920 1080,
IEFINEI RN 8 5 /LI L. DMD EE KBRS, fAESE DMD
R E BN LE . BEHM/MIRENR TR T RE 2SR DD 3
FETP, TLUSHEEREERE AN, AE—ERELRDT
ke daAt Sup il sl

21



DMD ¥ S8 iH T 1) A B4 4830 Liuhi

(2) B s
DMD B4 &R, DLP B RS MG SER R T DLP RYE 544 (R
FEOCRIT IR/ REHE., BR/REEENE DM SRR MRS E, WA 1l

.
&l -

e .Colﬂr e_@

*includes projection kens and coler disk ime-multiplexing loss
fwhen applicable).

11. DLP XEFERGEM R

suli s BRGNS /g

Fill Factor  "On* Time Reﬂechwty [E,:;;:::;’

12. DMD RER LKL HE

DMD BB o A T E LA 0. DMD BEFPAZR R T, W
“TRT g, BRI RETE LR DMD MERIMORTSTE, MR 12 Biom. DMD R
WL e YA S R L AP IER T, 405 89% (LCD 2924 56% ); DMD
AB RN A, b THEERER®EE0.05—0. 1u m), ME! REHEN
EEMRE, HfER ), FAwEEAEEEET, AEeMTEREENxE
2110w s, Ak, OMD WA T, Rl (BERERARED A
AR 92%: BEEBINERER. EHRRITELEMTS . f15, DMD
BB AT REAR 61%. MR ERE, F8 M) EHFHEERL
M RGEP T R MR R N ENER.

22
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(3) Exrth g™ ‘

DMD B3 ELFE 5 S04 DMD 4B RS & T 54k pE e, WE 9 mf
51, X DMD BIRA&(OFF) T, MRS ERAMAFRS iRy 40, &iE
50°, HER AT E M A S MU B L 1R TR A IR, R BB AR
s, ST ETESE) 1000 ;1 (LCD B & AT 700: 1), Bl BEH
AREUES] 2000 01 BLE.

BADM BLEFRSHALE, B M HHEN#H —SHRAERKE
BEZRTESER, MEdEZ REROATH, UEREETHERENNE
op o S AL AR S EET S R M DMD XS LR .

DMD BHBEMM LA, thatit, DMD BB IEREMKELE. DD 14—
MEFEUFRFZECERBIE, ERAETERONNSFRRE, TEFH

Bk AR, B AT DMD B9 —ARAEAE) 8bit (256 £F) HF 10bit (1024
%) . FRFEEMRAMNGOLETHOEIEN LS, BEEERIRE PO
RER D AERRY, TRKEYNNHAFETHREFHE, M FE
KIS, FTUESIR DRI RRORE R R AR L E.

23



DMD 85 iRy PO 12 0R - 8 3 Lok

§2. 3. 4 DMD &% 5 45 1P

DMD ELA A e SRR R At FL R, PR DMD ) S MR 5 o B e
FHAE %

DMD WM TR MRS EILAN _HANKS, §— A EEER—
BALZEH, ERE—IRIBIN (RS & 586 B fas i) Fell— A M8 607
(SRR R D) . T HAE B R T B K F 2 MRS 1 LA R,
FiTLL DMD BEBURRTERL T — A JCATs el . SRR d=17 Bk, 2% b=
16 ik, E—HEHT, STHETRAEEWE 13.

Amay
A Nomnal
: 0™ order

P 1* order
i
7 2™ order

.

B 13, NERASHEIRRAN d i DMD BEFIE . DMD
HFPERE, AREIERHHFBEFRTHFRE
5t
AT DMD RO EREME TR SRR ER A
d(sin Gr —sin 8i) = ni ()
ELEAEF, 0 HIHGK, 45 AASA, orhhEhs R XWURS
AR, B fr=-0 i MIBEBRT, FE QD @k mhg s
2d{(sin @) = ni (12)
H7E OMD R ERERERT, WRBMRITH A% TE 80K,
TGt Jeh 88% LU LB FeRE G WR L RN Bt TR 14, RIS IR B Gk
(A 15T .

24



DMD 7B FO A A 2w 3 LiuChi

Uth
/ ;‘;q 1 st
'.. ; 2 nd
o ,.~:V

S g Fraunhofer
- o~ diffraction

Bl 14, AR A E AT AR SSHHE L T RO DMD [R5 =, DMD
AT RERE, fT8 RN A A mEp Ha.

25



DMD B FIERE N NG iR L A LiuChi

§ 2.4 AT DMD &4 5 4 B30 54 B2 A

MEMS B AR BLA: R FHH A S RE o REd, REEH, iR,
R, B¥. TR SFRETET MAMNRRIR. 76 MEMS F R §9%- 5
WO AR AR A5 E R A MR TR AR 14, T MEMS ol = 24
T MAMIRA, REKRAEZIGIE =R EBEMNTE, BEREUEE
P RER) MEMS N TR E. Hik, RRSIEEEGESMN—BFEARRERE
SRR RS S DR,

EXAR— MR FRERE U A RGHER T EEME BN FET
H. 1 DD BR i E B BRI T RO TSI, RAIR DMD BR
BB 2R, EEROLF TN REEHRZHE, B M ETHE
U, AR R S SR AR A E TR R R AR,
AREMNREOEFREBERR, S-4NENNEERHTERL, RERR
A R R H HA N B F R 4, AR B K B =4 DMD &)
R, #fsemm®. Bt. 2METF, FREASEL AT S HEsrm
SR L.

§2.4.1 DMD Y4 JE B {0.03303:]

DMD ) KFt 2 B DMD B8 3 A5 36 8 Z 70 bkok S5 R 12k 889. DMD
MEEA R UEAS ARIEFFL . MRS, AHARBREAS
S HBREERAR, WML R F Rk UB AR — B g 24 %
TR S R A E R DMD MR R E20 2 5, DMD i
VURIT X R4 15 B0 (BIE, MEERNgi).

AR, AT —A 4 23 SIRSEE 1T R 32 RS (PWM)
IR Rk RS ITE ], G 15 BiAR. 155 M — RS e — AN 18] B X BV B 9K
HITT el (0 B 1) KR rE Bt R pE: 2% 2 22, 2%, &k 1. 2.
4 8o BAIRYT M BRI BAEH AL ( the Least Significant Bit , LSB), LSB
otr —AMTET B 1/C2M1 ), N ST 8 . 846 A B B B 208 bhe Most
Significant Bit , MSB ). Db, — e (F{0 1/50 ) B4 4 476

26



DMD HF s E PN o2 il s 2 DA LiuChi

o], ) O 4 5 i ) — I A DA AL LB, LSB AMRE] 115 ANt
A, LSB+1 4rBECH) 2/15 ik, LSB+2 4 BCF] 4/15 ik, LSB+3 4 ACE 8/15
ARt

Binary time intervals for 4-bit gray scale .

Reastand
Pasalkl
Wprdrte

- B 15, 4 Bk TR RS (PYM) FFIERE

[(Hote: for clarity, only contral column is
atkdreaaed and no ligiht Sourc k3 shown]

DMD ; . 1

d .. w"“_:_':'—‘j" ..EE.
o ESN A | | | |
:-;_-:-'- —'I- I.

Bk T .l
N‘L . l..l
4 80 Fraier Time ' .l...l
{1001} (Sensations of Gray Shaodes
£0100) By Viowei's Eve)
L0o1) (4. Bat Example}

{0pa1)
1000T)

& 16. DMD 9 —Juhkrh S VAE1 (L 4 A2254)
ZIohk s BRG] (PWM) BORARAINE 16 Bim. PWM ERI{E S
B, ZHEN 17 % IEs) DMD MRS R “ P AR, M “0” 44 DMD
MBRET “X” MAE. #il, 5F 10 7 4 3R 0 1010, ZELLFP
tE . £ LSB+1 BT [EEBFD LSB43 Bt B F, DMD &F “HF » BRA,
1f LSB BB AN LSB-2 BBl B DMD £ F “3%” ih&. ARMMMEELS
R —BRFEFINEE, FEAAKE 10 MUERE. A8, H#F7/H4
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fi M EIF R A 0111, B LSB. LSB+1. LSB+2 X=MiE XA &RTF:
7 8 H 4 fr ZiEHIRZR A 1000, EHEH LSBH3 B AIBE kKR, #HiTixX 4
AR TT 2B &, AT LAFTA 20 5k 16 NS RIRRMAE L (0, 1/15, 2115,
315.....15/15) s 33F N AL SRR eT =4 2N AN BRI KR . XLt
WL BB AE TEEE T DMD S8R “ T AR 25 19 B A 2 — M R BT BT o5 A EL L.

§2.5 %

BB T TG HIRE 0 R =5 R B Sk R 4158 LeD.
PDP 1 DMD, 4 T =R E. HFMEBT DMD HEELEH, THER.
e, (BESSHE, Sh¥EE, SWHE). DMD 45 EBE SR80
Joft. HAKH BN NS R TR B RS, BN SREL
FREL DT “H" REFSHEEIL. DMD BREERARE G Big T
BHEERFONHGR, SHEAEERBMEE, B RENK. SEEE
Fr AR E AR AR

SZELR

I EEWR, EIRE. FRARRAINMN, JER. B TkSER,. (1996)

2. H. K. Liy, L.LA.Davis, R. A.lilly, Optical data processing properties of a liquid crystal
television spatial light modulator, Opt Lett., Vol 10: 635 (1985)

3. 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., Vol 11: 748 (1986)

4. FTS.Yu, S. Jutamulia, J. W.Lin, et al, Adaptive real time pattern recognition using a
liquid crystal TV based joint transform correlator, Appl. Opt., Vol 26: 1370 (1987)

5. R, WASEDEIREIR GRS RN AMR. BE. PEMERALLS
REVMT R, (1998)

6. Jan Grinberg, Jacobson A D, Bleha W P, et al, A new real-time non-coherent to coherent
light image converter--the hybrid field effect liquid crystal light valve, Opt. Eng., Vol 14:
217(1975)
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20.

Kallinan Robert R, Goldstein Dennis H, Phase-encoding input images for optical pattern
recognition, Opt. Eng., Vol 33(6): 1806 (1994)

Horner Joseph L, Gianong Peter D, Phase only matched filtering, AppL Opt, Vol 23(6):
812 (1984)

Wang Re Q, Cartcoright C M, éoutar C, et al., Real time color image correlation with a
color liquid crystal television and a Fresnel Holographic filter, 4ppl. Opt, Vol 32(5): 715
(1999)

Dou R and Giles M, Closed- loop adaptive optics system with a tiquid crystal television
as a phase retarder, Opr Lett, Vol 20(1): 583 (1995)

. Love G, et al, Binary adaptive optics- atmospheric wave-front correction using a half

wave phase shifter, Appt Opt, Vol 34: 6058 (1995)

MR, WEABATEREM, JESTM RS AR, (20000

McCardless, Timothy P, PDP mechanisms for intelligent display control, Stmulation

Series Vol 17(1): 87 (1986)

. B.M.Tian,., Electronic Display, Publishing House of Tsinghua Univ. (2001}
- Hornbeck, Larry J., 128 * 128 Deformable mirror device, Conference Record of 1982
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34.

3s.
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