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Influence of crab-cantilever on
performance of grating moving light modulator
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Abstract: The light modulator based on Micro-opto-electro-mechanical System (MEMS) has already
become a research focus in projection display field. The structure of Grating Moving Light Modulator
(GMLM) supported by four crab-cantilevers is composed of reflection plate, address electrode, four
crab-cantilevers and grating plate. In this paper, the influence of crab-cantilevers on GMLM perform-
ance was analyzed. The diffraction intensity of GMLM was discussed with Fourier optics, while the
grating period number was odd and even integer. Especially, the influence of frame and four crab-can-
tilevers on GMLM performance was analyzed in detail. The result indicates that frame and crab-canti-
lever size should be reduced in design for obtaining a higher constrast ratio. Moreover, the relation-
ship between contrast ratio and important structure parameter is shown in figures.

Key words: diffraction grating; Fourier optics; MEMS; grating moving light modulator

Y5 B #3:2007-01-22; 48T H#A :2007-02-18.
HEE&WA . E R BE+ 34 (No. 8883) s Hx A AR #4341 H (No. 60578023)



316 Pl

515 &

1 3 =

AT 4E K, B % MOMES GRUE ML R 55, Mi-
cro-opto- electro- mechanical Systems) $7 AR B %
BT MOMES [0 7 il #5 © 5 h Y 1 B
FER A R IR AR B o I Y 1
Pl A5 TR 114 S M 4SS 2 ) 18 ) P S S D 3L )
i %% (Digital Micromirror Device, DMD), {H
DMD J& = 2458 . Jin T He R AES S s RESEALAR A
A 1Y A OE ) (Grating Light Valve, GLV) 3 F
A7 S D L 45 4 7 B HE E T B AR AR L TE
TE [6] S8 7 O T IR i 2085 o — ZE LA A F LA L 3
T ARG ZPES L R KR 3
T MOEMS (56t F 3 3Ot 4 il &% (Grating
Moving Light Modulator, GMLM)™ i T. T Z;
8 DMD B = JZ 45 ¥4 7] B GMLM A D) 52 B
Me B+ GLV® . fF GMLM g5y, 0] 5
DRI ) 200 HE 0 8 A SRR SR 0 6 A I A X
GMLM J7* A AN 0] 220 W 18 52 Wi A SR A L 5l
5, 25 T AE RO RS B s S 1O
il £ 14 58 35 06 2 B RY L 20 A 17 320 R R SR
GMLM 1ERERY 521

2 GMLM Z#

GMLM W& 1R EZ A1 8t
L/ NNTETREOD R NI 13 A i o 1 S N A A
BRSO L SRR PN A 2 B . 258 e
AR ESS A Tl G b 3 T AR S A T A RS A4
F10 {8 A o AR Af 0 A DU AT S RE AR P TE O %
CE 25D 5 24 m sl LAJs  w] 3l el ey S 55 1 9 75
[ -2y RIS R] Bl e M b 3% TR S S T A B R
A4 ARG A L — SRR RE B A AT A
G e £+ 1 efin it e BIVRT 52 8% e g it 1
A 1 .

3 GMLM R 547
28X 4 T A 1 P AR AR (0 A

KF o FIXNFRK L (L=md+a.m &
WIEO 98w, BIPASETE b i 55 1 DA R i 7

K1 GMLM %5ty
Fig. 1 One pixel of GMLM

Dark state Bright state

Filter
Incident light

Diffracted light Diffracted light

Fixed reflector

2 GMLM 2 JF
Fig. 2 GMLM operation theory

PALFEH SR . B 3 Fras, 4 om %
I JLAf H O TE AT S O6HE F s 2 m Ry A B, LA
SRR o N T I O it S N D R i K
28 $=2m X 2h/X, Horp b g Al gl el bR 5 R
SRR AT SO R e E R d=atb.a R
A SCHE A% 9 B2 . b S AT Sl O A 2% 2 18] /Y [A]
Bt O BN RS TS 5 RO T8 ) R R K
Vi BE A Ly w 2w, s H i w, w, 43 51 A Gl
Yo LRI S L2 Ly s w, s, 53500 R B R B2 501
WA 98 B K .
3.1 St AEARBABBRBEES T
ST 2l 2 U A% 17 2 AR R (0
T S At 2 v, Ces o) s LR B 1) R R
SPPTHT 355 3 B8 Lagwn Coy s 1) s IWHE B 3 38 1, (v s 1)
%ﬂ%ﬂ%%%ﬁﬁ% t.(xy sy YZF0 L HD
(x5 y1) =t (X1 5 31) T taow (1 531D+
ty(xysy) Tt (xy) @D
G A R 4 SR

1 .
NG ,yl):Ecomb(%)exp(]@@

rect (D) rect (2D rect (2)
a L w



553 5K T A IR R RV X O Bl 2O A R AR Y 5 317
" ect(xlJr(Ller“)/Z)rect(y]Jr(i_[“)/z)Jr
I a P
T ] reCt(Il +(Lill))/2)rect(yl 7[(L+Z1,)/2+lu:|)+
l/} Wy
lj H m — rect(*: 7[(L+lb)/2+l“:|)rect(y717<Lilh)/2)+
X Wy Ly
~la (T —
H J—H J rect(ll (L Z/;)/Z)rect(yl +[(L+[/,)/2+Za:|)+
= Ly Wy
) _
= rect (2L —’_[(L—:b)/z—i_[“])rect(yl +(IE l”)/z)}exp(jsi’)
| L | b
R X136 (L) 7 1 0 A0 B 75 5
A
() JEIAEL m A B 5 LT H o0 78 v] 3h 6 1D ICFs f )= Fo(fosf )T Faon (far fi)+
(a) Grating period is even (geometry center on the E,(fosf)FF.(ff )|? (2)
b 9]y NJas]y ’
movable grating) $toh ‘
Fo(fiofy) = expGg) 4
i up x )y p ] d
L foo
o] Lo ”;usin c(%)sin C[L(ff—§>}sin c(wfy)
. Lwb ..
Foon (fesfy) = g Z sinc(jnmw)
X1 S
sin c(%)sin C[L (f,,. — g ) }sin c(wf,)
F,(f..f,) = exp(j$) 2w, Lsinc(Lf,)
sin ¢(w, f,) * cos[ (w4 wy) f, ]
X1

(b) JEHE m gy B U b 7E T R 4318 1D
(b) Grating period is odd (geometry center on the
fixed underlying reflector)
K3 GMLM Jp2i il
Fig. 3 GMLM optical model

d ®

1
Laown (21 ,yl):Ecomb(
L1 a 1
rect( b Yrect( I drect( w>

t, (o, ,yl):exp(j¢)rect(%)

[rect(W) +rect(M)]
0

Wo
1. Gy sy ={rect(™ +(L;w“ )/ 2)rect<y1 _<IE+ZH )/ 2> n

x
rect(*

_(LJﬁwu)/2)1“ec‘[(y1 _(L_Z“)/2)+

L, w,

+

aX
rect(

—(Lw—wa)/Z)rect(yl +(Ll+la)/2)

F.(f..f)=exp(GP){+2Lw,sin c(w,f,)

sin ¢(l, f ) (cos[ (L—w,) fom/2— (L+
L) fyr/2]) + 2w, sin (L, f,)sin ¢
(w,f,) (cos[ (L+1,) fom/2+ (L—
w,) fyn/2]) + 20w, sin ¢ (L, f.)sin ¢
(w, f,) Ccos[ (L—1,) forn/2— (L+1,
+2L) fyrn/2]D) + 2Lw,sin ¢ (w,f,)
sin ¢({,f,) Ccos[ (L+1,+2L,) f.xn/2
+L =) fym/2]))

MG (2 M 2 6= Cnt+Dr, ¢=2nn,
n A BRGNS L W OGN B T e 5 e S B O 1 AT
SR 2 43 A W P 4 () o () TR (B L =0
B p=m.p=0, LRI,

IS o R &l i v i 1 el [515
PR BV A A 22 6, ] LS 3O B S 1 9 1
MNIET 4Ca) AT LU HY o el 30 17 v 25 T 300 HE
AU R, 23 T GMLM fEAH( 22 ==
AR A RE AR R TE 0 20 FEAR T GMLM £ 4
TEHIRA T 1 AT E8CR .



318 r K TR 815 %
Sy BB 3 B S R A 40 A A R 4 BT
1.0
o 160 4 AT
- 06
0.4 S SN EGBE N R ARSI R R b A
0 . s g i A RE B I GMILM 75 5303 11 /5 42 6% R 4%
A B B30 2 TT LA 220« O BN X E T DL A4 AR
) 0 2 T FCE B R AR L B
k I o f ) g min
V=l (5
Ca) VSB35 77 1ol ICf s [ o=

(a) Along direction of grating period

1.0
0.8 0
— 06
0.4
0.2 ¢=n
) 0 2

(b 3 G A 907 1]
(b) Vertical direction of grating period
K4 GMLM Jtui 7 i — 4k 43 A [
Fig. 4 2D distribution of GMLM diffraction intensi-

ty in frequency spectrum plane

3.2 AMBAHHAFH

XF T4 3Ch) Fir 7R S JE I Ak A B BT
Forb 500 M R O B EOR [F Z A 7E T AR
(G NI (I A o 1 T 5 1 D S it €54
1 1, oy sy FEDBRG BE AT S5t 1 8 1 R

tdown(‘rl 73’1 )gﬁ
Lo (1 a1 ):%Comb(%)exp(jsﬁ)@

X

L

7 ®

rect () rect (P rect (24) , (3)
a w

1
Ldown (1'1 IR%! )= gcomb(

X

L

ty (s y ) 2 Caey s v ) 5 A 8 391 580k 18 %k
SE AR A ) 28 2o [R)BE 4 B, o] LAAS B0 AT S OB RE .
2 AL A5 B AT B RE S R 8

rect (D rect (yrect (2L, (4)
b w

Fovb ke SRS . AT Sl HI A A% e 5 6 2 B
wo JE - OG- T o BRIt 6 BEORE X A SRl kS
FRAER T EN L d=8 pm.a=4 pm.b=4
pm,m=>6,l, =w,=w, =w, =2 pm, AFf KK
0.53 pm, JEHFLEE 5 X5 L EEOC R W SR, ot
M2 BE X A BB S I AR K, 23 51 B A4 P RE

W T R DR A 1 B oo BB BN, DAAR
i ae EOL A PERE

105

100

90

1 2 3 4
wo/um
El 5 XUL[:ETEFE Wy Egé}iﬁ

Fig. 5 Contrast ratio V as a function of parameter w,

T Y SR RS S A AT S e P A A L O 4R
A1l &2 J (4 1T S S B 1 7 i R g £ R R
— LR JE PR 12K 25 sl A2 e W AR B AR
3 T Sl M- 17 P 52 i L ) RS AR 1Y
[0 52 7 52 B A AF AT I G v 5 S 2 e
BRI E L . B R IS5 4 2 O R 36 4 1 110
e . XTHES LSRR WME 6 s, biE
Lo WYSE TN X L BE R AR . X LR 4, IR AR
WE 7 B, MEES w, BERIME 8 FrR.
XS w, BRI 9 PR,

MIE AT A S BE Lo, BT X HEJE
e W AR B AR B AT o M. By Cfls £ AN
F.(fos fO AT RLE . 1 T sine o6 8O 2081 5 08



553 1 KT A R R BT 3 2O I R R Y S 319
160 120
140
110
120
™~ ~
100 100
80
60 90
1 2 3 4 1 2 3 2
Zu/um “’Y}’/p'm
Bl 6 XFLLBERE L 04 B9 X HEERE w, M50
Fig. 6 Contrast ratio V as a function of parameter [, Fig. 9 Constrast ratio V as a function of parameter w,
M FBCF,(fs [ FoCfs £k 1 g i 4
2000 HfE O 9, BEAIRT =1 KR AR 48 X (5) . X e
JEH A
1 500
1000 5 & #
500 N .
A SR FAE L e 2# % GMLM #4773 40
10 20 30 20 (19 6 2 BG4 A R ) S 0 8 R R 2 6 GMILM
lyum XF L BE R R BEAT T o3 A AL L AR B LU A58
7 LR L (53 A (L) 25 ] Sl e S & 3 BOAS [ 1) A
Fig. 7 Constrast ratio V as a function of parameter /, MG 24 4y B st JL{EJ EPIE‘?%T{ﬂﬁJ%mEZ%_Fﬁ

106
104
102

=~ 100

98
96

1 3 3 4
w/um

B8 X LR w, B AR

Fig. 8 Constrast ratio V as a function of parameter w,

Sk

(1]

S L GMLM B 3% o 2 ok B0 A W By (B 3198
ST aE R .

(2) /1 F 43 Hr vp 25 08T 300 HE N TR S
L, 3T GMLM fEHBE 2 2 (2n+1)A/4 B
(p=m) AIRARERE L P E 0 4, I T GMLM
A 1 AT SRR RN FL B

()M B A 34 1 pm, X EE BE R R T
10 0 » A 1 17 987N S A 300 B 35 11 - DA 4 s 8 1
2V RE 5 [F] EsF R RS e /) A % ) K R R O L
BB, HA%EA GMLM %2 R Fig—2F, L
o o8 THT ¥ O 4 s D 2 MR RE

R0 T 25 1 45 1 A0 G B3 4 BT ok i o i
RS RS X F GMLM 844/ T T2 M
WK 55 ST

HEH 28 FU R F IR TR MEMS KR L L B8 5 a5 [T, b % #5% 242, 2005.13(6):

674-680.

XIAOSY, CHELF, LI X X, etal.. A temperature sensor array based on flexible MEMS skin technology[]].

Opt. Precision Eng. .2005,13(6) :674-680. (in Chinese)



320

e K TR 915 %

[2]

[3]

[4]

(5]

[6]

7]

(8]

[9]

PlERE R — R F . — Tl R I LRE R B 4 1R 2L SO BOG AR i AL DL 45 % £ 42,2005,13(6):637-
642.

ZHOU L Q. WU Y H, ZHANG P, et al.. A new mini-fiber-spectrometer adopting micro-silicon-slit[ J]. Opt.
Precision Eng. ,2005,13(6) :637-642. (in Chinese)

KB IRE &AL MEMS B AL 388 50 5 @RS (U], k% # % £42,2005,13(2) . 117-125.

YOU ZH, ZHANG G F, LIN Y, et al.. Design and modeling of MEMS-based solid propellant propulsion[]].
Opt. Precision Eng. ,2005,13(2):117-125. (in Chinese)

X FE I BRI, R RGBT ML st 7 Tl A, 2004,

LIU Z W, WANG X H, HUANG Q A. Micro Systems Design[ M]. Beijing: Electronic Industry Publishing Com-
pany, 2004. (in Chinese)

MEN W.MOHR J.PAUL O.%. f#t & e KM, dbat. 02 Tolk i ikt 2003.

MEN W,MOHR J.PAUL O.etal..Micro Systems Technology[ M]. Beijing: Chemistry Industry Publishing Com-
pany, 2003. (in Chinese)

B2 B, ik L SO TP Bl O AN O IR A G SE I R AL R A AT LT DL o B AUAR T 42,2005, 16 (14) .
1251-1253.

WU Y,HUANG SH L,ZHANG J,etal.. Electromechanical characteristics analysis for the reflectro-movable grat-
ing light modulator[J]. CHIN. MECH. ENG. ,.2005,16(14):1251-1253. (in Chinese)

RF . E kAT F EHDEIR AR AT R BT, A F $ R ,2005,25(11) :1452-1456.

ZHANG J,HUANG SH L,FU H Q. et al.. Optical characteristics analysis and simulation of grating light valve
[J]. Acta Optica Sinica, 2005, 25(11):1452-1456. (in Chinese)

RE S e FLE OB S s O6 I A 250 S B0 A B L) . 6 5 F 4R, 2006,26(8) :1121-1126.
ZHANG J.HUANG SH L,YAN X, et al.. Structural analysis and optimization of grating moving light modulator
[J]. Acta Optica Sinica, 2006, 26(8):1121-1126. (in Chinese)

B 75k, AR F M dbat AU Dl kL L 1988.

LU N G. Fourier Optics{ M. Beijing: Mechanical Industry Publishing Company, 1998. (in Chinese)

EBR Aok W A980—) 2 R RFOLHL E B M LS AR, B E MR HOEHUM 7 AT S . E-mail: zhangjie@ cqu.

edu. cn



