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WMEZEME L 1E. —DDIAINT LT, ZoDRE LT Y IREERSEIE L. A DR
MEAT VYV AN—T%RT, TOREERT DR EHWLERT LA TND, WL ESR
FEANWT, KAERIVRLNT Y v 77 ay RO XD e —FREFER EOBEL BT 25 Z &7
TX 5, Flo, NEMERBOCEBLIE, AL v F v TR EICHICATE 5, MEEHRTEIE
DITITIERIEIEE 7 4 — KXy 7 80D TODERBLEE Sd, LR EEEEET D,
HEED BB LMD ASA T ARMEENE D e LIk - T, L EHRFILEIC ZSOFEHEIC
SHEEND, FhuL, BRFNEREEHRTENA TV v FADERZEHR T THDH, BRMEHE L
EMBEETHANAT Y v REELZER IR T, BRI EZ LB L LR WAL E
TIIEEO B EENFE, TO7H, AHFETIE, XA LER TICER L THfEE1T - 72,

AR TR D L 5 72 B & fESh D X 5 RELAMEZ RS | IR LMo —oTH v | IREE
IZX > TRERIBITROLE(LZTRT, OO E AV 2R EEHR 1T L < ik &S
NTWD, ZNHOFEFOREITIERZENZIMESE 72010, OB ST =B LETH
D (E W~ mwimm?) . BIES RV R E s~EE ms), £ 2T, AT, KU —T
DOETED FH & FIROISERE A FFONNLZEFR T2 HIEL T, @R —#EEF—eRMEE (MIM
HiE) LA RWT, 2L ER T AT LI 2BME L, IHIZZ0FEFEH
WEE AT —COEMEL EOY  E— LA A v F o P BT HRE LT,

AWFZETIE, 2BIC Au & Ag. FBEMEIC PMMA LikfZHVWTWS, Z oEITE0HKE
& PMMA RO Ay a— MZ X o T HEIZELN D, MIM #1ETix, ASAE L FEEREO
BEEZEYNCEIRT 5 Z & T, AFEZ MIMEEER CLEKG ST 52 & TH LAY, EIGHEM
IREHFDLZENTE D, 20D, p. sETHESGHBOHRELGEL N T, RKETT7X
T4 (SPR) Mt &5, MIMAEETO SPR M Z 5 &, HOWIIC & 5 MIM #5ENIC
JRETHNCIRE DS ERAT 2720, RSO L5 EE 352 &N TE 5, HEBRI%D MIM-LC
BT D M ROFBR RO E N THNELEMNE AL v TF o TR EB LT,

FT. AR TIE, MIM &L Y A 2 bxr~T 4 v 7RtV (TNLC) ZHWT, 2K
L EHRZTHFB LT, N AT 7—< N w7 AjEE 4XA44T501E%Z VT MIM—TNLC
HEEICRT DB, KA, WICRZFHR LIRS MIM &2 ik L, fER L7=, MIM
&38R (100nm) —PMMA (328nm) —Au (30) nm T& Y, TNLC B/ DE XX 16um TH
%D O E AW TN ENEHRT 5 2 LN TE -, 72, 0.31mW/mm? D FhEE TR T
HMLEEFESE TN TE T, ZOBMEOBIMEIL, HE IR L EHR T DI
—FNESWMETH B, £7-. 18.1mW/mm? DJEIEE LT E TH T ON-OFF BifERF 234 92ms T




Ho7-, ON-OFF BEREH %A, S22k % VT MIM—TNLC #3181 2 BMRE 2 515H Lz
FERNO ARG D2 ENTE, RS Y % L7z ON-OFF Bi{ERRIL 52ms TH 5, EBROE &
AL ST EIXIZE BT 52 L 2R TE, IHIC, MIMEEDHREA®EICEX D Z &I
FoT, ARV EERVDOE AT VU AEZFEONRNELERTFNERTE, ZOEND
MIM-TNLC ##i& 2 I TR SRR T — COENEZ RO 2NN ZEHR 2 EBT L2 &0 T
7,

KIZ, MIM #iEDOFEMRE CTHDH PMMA JE A2 HKELEICE 2 Ta&BE—kA—aEMEE (MLCM
HiE) AR L7, OB ERENEZICEBEICHENLTWD DT, KihEOIRIE) MLCM
HETO SPRICEADBAET AL VBUK CTH D, T, BMEHDO WL ER T EHAAL v T
VI RFEEREETDHI LN TED, MIM-TNLC #i& & Rk, MLCM & I35 1T 25 & RN
ZEMRE LIRS MLCM fE1E % foifb L, (FR L 72 MLCM #%i&134: (23nm) —LC (420nm)
—Au (23) nm Th 5, ZOHEEFWTEREZEEEHRT 52 ENTEZ, 4.2mW/mm? O
L YEIRE TR EMEZ B E T2 LN TE I, £io, ZOFFOISEHEIL MIM #iE % A
V72 MIM-TNLC 31 X 0 @ik T X 72, 68.2mW/mm? O ik YeiR B T 351 D Z0R £ 5% 10ms
Thod, SOICHEEMZFRTZROMLCM BELFR L, VB —L20NAL v F o T HFRA5 5
L7, £0O MLCM #i&EiX4 (2lnm) —LC (850nm) —Au (21) nm TH 5, Z OREEZ v
T. 8L.5mW/mm? D YR EE T 6ms @ ON-OFF JRE M A oW A A v F o VP FEFHEBT
HZEMTE, BHFOU L E—LDNAA v TF U TR AITHART, RIFETEBTE AL
v F U BT R T —CEHROEEE R LT,

fimm e LT, ABFETIX, 4 FETOHEE 725> TH LWFIET MIM-TNLC & & MLCM %
EEHWTHRLZER T ENAA T T HEBRTHTENTE, BFOFIEL AT, bl
FE D —THR L EVEN R T & | £/-EHED ON-OFF JEE M &2 R oA A v F 2 7L EH
T&E 7o, AWFETIER U7 AR MDA 72 &~ OISR AT H 5,

i« FRSCEBIL, FI3C 2000 = & 930 300 354 1 ET ORI T 52 b L<ITEL 800 5% 1 FRH L T E&E W,
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Optical bistability is the phenomenon, which has two output states for one input state. Optical
bistability is a nonlinear optical (NLO) phenomenon that is applicable to optical signal processing,
and optical memories. There are two types of optical bistable devices: have to electrical bias and
non-electrical devices. Electrical bias optical bistable devices require electrical circuits to support
the bistability by applying a bias voltage. Therefore, this type of device called not purely optical.
Purely optical bistable devices called all-optical bistable devices. A number of all-optical bistable
devices have been reported. These are based on the Fabri-Perot cavity, in which a NLO medium
layer is sandwiched between a pair of half mirrors. Such materials have fast response, but strong
illumination (~ 1 kW /mm?) is necessary because the optical nonlinearity of the NLO materials is
usually weak. In some recent studies, all-optical bistable devices of photonic crystals were
reported. Even in this type of all-optical bistable device, however, the illumination is still high (a
few W /mm?).

Liquid crystals (LCs) are materials with high anisotropy, and their refractive index can be
controlled by a static electric field, an optical electric field, a magnetic field or by temperature. This
feature produces a large optical nonlinearity. Some papers have appeared on the optical bistability
in nematic or cholesteric LCs, operating at low illumination (~1 W/mm?). These studies used a
Fabri-Perot cavity, the selective reflection in chiral LCs, or surface plasmons (SPs) in the
attenuated total reflection configuration. In this study, we show all-optical bistable devices of
twisted-nematic LCs (TNLC) realized by the SPs in a metal-insulator-metal (MIM) coupled to the
incident light. This device is simple structure and low-power operation. The lowest threshold
switching illumination was 0.3 mW /mm? which is comparatively lower than the threshold
switching previously reported for a similar all-optical TNLC device. With illumination of 18 mwW
/mm?, the on-off switching time was measured to be 94 ms. | also report low-power all-optical
bistable with counterclockwise hysteresis and clockwise hysteresis by using MIM structure and
TNLC. Furthermore, | report low-power all optical bistable device of MIM structure in which the
insulator layer is composed LCs, henceforth denoted as metal-liquid crystal-Metal (MLCM). The
MLCM optical bistable device allows us to use illumination at normal incidence, whereas above
devices can be used only at oblique incidence. The on-off switching time was measured 10 ms
with illumination of 68.2 mW /mm?. Finally, | also report all optical switching by using MLCM

structure. With illumination of 81.5 mW /mm?, the response time of this all-optical switching was




measured to be 6 ms. All-optical bistable device was reported in study is promising for

two-dimensional optical memories or spatial light modulators because the structure is simple and
free from electronic circuits.
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