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Electrowetting-Based Liquid Prism
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Abstract A liquid micro-optical prism based on electrowetting is developed for wide angle beam tracking and
steering. The shape of the two liquid interfaces is analyzed, the relationship between contact angle and two voltages
is derived, and the deflection of the beam from the system is detected. In the meantime, COMSOL software is
employed to analyze the effect of dynamic viscosity on the prism’s response time and stability. The results indicate
that the contact angle between the conductive fluid and wall changes, then interface of the immiscible liquids is
rendered into plane accordingly when different voltages are applied on the wall. It succeeds in controlling beam
tracking and steering as traditional optical prism. Due to electrowetting saturation, the maximum deflection of the
liquid prism approaches to 20° (—10°~+10°); If the electrowetting saturation is decreased or even eliminated while
ratio of the refractive indexes of two liquids is increased. the ability of deflection of the system will be enhanced
largely. To achieve stable performance and stability of the prism, the optimal dynamic viscosity should be 0.03 Pa-s.
Key words optical devices; prism; electrowetting; deflection

OCIS codes 230.5480; 120.4570

1 5  F

I SR e B A SR X 8 Y R T 1 RS 8 ) )
A AE BRI BOEEAE DL fE BB 5176k R
BRAE A TE 2 GUECH & ) I TR AR SE
M S i e AR5 AL AR 5 8 D' Bl 77 1) 52 B DB AR
16 14 i %% » 1EL JHG 295 49 52 % ORG  RE AR BT B KL REAE
19« (12 Bl AR TP A v IR AT B e DA T i

Wi E: 2014-05-05; WEEM AR EE: 2014-07-28
HEEWB: 1LHA ARE 4 (BK2011752)

PERESZ B 20 R B T e 4Rk, 3308
RO ke @M o E A, Bl
WGP D Y BB AL R % (MOEMS) '
ZENTZ R, R, RE LRI R RS T E
KA 02 S ) g i 2 TC i 52 30, 491 4n 25 B 3%
B b 8 TIG ¥ S BGE 22 0 K B TG A i 0 B 1 A o
T PR R 3D SR P & E H 2 (] A

EER A B EQ977—) L b RIS 322SR0 P 0t 2 R T v T e R R D T W

E-mail: zhaor@njupt. edu. ecn GE{EE & )

1223003-1



2 i

S5 IO e A W 1 5K iR 1 R — S BE S AR ATy
SIS BT S D RE R AT IR IR AR 1F . R T A HL T
WD F VRO A 1 LA 5 TR L A
i 5 T S2 BLRE B LS54 L B 8 8 i o JRE PR A
G B AN 2 7 22 08 L B8R T A R B B 5 A
R

ARSCBETF I AR T 5 T A 08 368 2500 B0E 1) JAA
MBI T RGETARE L S5 T XU AR 51 1 T8
Bt PP S 4 Tl o O o L ) O R
AR T %00 2 i 2 X S 6 R i e A 52, i T
LT 4 R B R B BRI B R X R SR O BE T 5
Wi, 5l i R ] COMSOL BfF gt 5r 1 Bl g A
T AU 3T AR BB 268 5 dih Rt 52 X 0 R e 5 1
AR » 203 1 o P 1) B Bl ) 2 G T AR B B 4
TR AR GEREA LB T X AT [h] 14 R 3 4 i 1R
0 Tl 5 T RE o AR AN (5 4 g B AR BRI o
D7 HL5 T AL W 5E 45 FR HE SR i R 5L
49 17 2 T

2 SRS e R

R e R T o
R . BB A L B — PR B LR
5 3 2 A S T A S04 4 SR 3 e X
020 0 AT 2 B A L
Hh 41 oL A 2% RS AIT FEh  O  RR
TR0 2 75« R 0 15 90 42 2 ) i
S0 0, % M AR5 =R R A R A I

P

cos 6, :u, (D
Y12

X 700270 T 7 20900 0 S VL R0MR R 268 25 WA L 5
L YRR 208 % A J5 LA e 248 % VAR N 246 % A T2 Y B
T 5 T3 o 24 R0 Lt L TR V7S AR Ak e A A
Py B Z R BB S AR S AR 1 P SRR R

conducting droplet

insulating layer _

insulating fluid

electrode

PR v i 8 20, S 5 Dt ]

Fig. 1 Diagram of electrowetting-on-dielectric
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Fig. 2 Schematic diagram of the liquid optical prism

AR B R O BT P R R R
RIARSE I H A AR 72 A B BSOSO A S T, B
HARRAE T B EROE F 1w, Bl 2Ca) s, @l sk
i eE F SR R 4% NaCl 3 H £ 5 1R 8 B3 11 4 BE 1T Y
2 ful Ay 5 DT 52 30 R P % 0L Y AR S T T R 1) R 4
LM i v SRy Vs A O i H R R VS LR

1223003-2



B

POEERIERITR LS e 7

A5 s ARE TG 1) 22 fih £ 43381 R 00 D 0, AR (2) 20
0 0, 5TAFRIE V, FV, Z a8 EER 55N

2
€o€rV1

cos 0, = cos 0, + 2dy (3)
_ €o€r‘/§
cos 0, = cos 0, + 2dy (4)

204 i VAR T it in F EL T VL RV B R AR E A
B HH L B4 2 Mk 1 0, AN 6. L 0, 40, = x, BEEE XU
R RN 0+ 0. = n fRA (D
XIS

v, = Jvi - ddreos b (5)
€0€r

H1 (5) AT LA o TR AR B B2 28 G v« 224 7 0N it
B AR IR Vo 0] I 35 R AR 5 7 ) R T ) 4
il £ A 0 o U B A A 00 BE T B A TR V7 6 20T
G BEAR L G ALE R GE Lt N BE A% 6 AL (5) 31
A VRV HA s L RAGAS R R E 0, 17 5
TET » AT 5 BH G 25 g 5 Xk 6 T T 1 1) 42 ) 01 4 5 2
BE- AN 2(b) 7R o B R AR 8 i BUARY£ » ]
1 (3) A AN ARG 5 2 TAE R A .

3 PereI S 45 R o b

P 3 R IR G 2 A B Xk SR I AR A % A 3
e R B A O B R e R G 4R 1 (CCD)
(DH-HV2002UC) jift & T W AR 4 45 0 1 - 3 5% 75 L
A BIK 2 35k A v U A B T 1 A AR L O AT B
Hl. He-Ne BOGEAE IR SEIE I & L B A
S o L g fp i A b BE T i 5 He U B 22 TRl Y
PR H S ROR AR A S 0 e Z B, D
SEBERLH o % T W ] 9 VA e 58 R A JEOK B2, T
LA H ~ L. 584 R &0 3% 5O L i
b ot s 1R S D )| Sl SN o S S O R N T TR
RS- TT  ELASR B il H 1 B T R A AR Ak S SR 22

I II He-Ne laser

:| N background
light
] A
ﬁPC =, /7CCD i
H
L \
S~
D

3 VBRI b A % A I 4 R TR
Fig. 3 Schematic diagram of liquid optical prism

angle test structure
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Fig. 5 Schematic of reflective mode of liquid prism
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Table 1 Parameter setting

Item Parameter
Theta 120° Zero voltage contact angle
Gamma 0.02 N/m Surface tension
Muoil 1.3 Pa-s Insulating fluid viscosity
EPSR 2.65 Relative dielectric constant
d; 1.5 pm Dielectric thickness
Vo 80 V Applied voltage
2 WESEHKE
Table 2 Liquid parameters setting
Liquid Density.;/ Rcfractivc Dynamic viscosity /
(kgem™*) index n (Pa<s)
2% NaCl 1000 1.3 2.7X10°°
Silicon oil 1000 1. 65 1.3
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