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W OB %2 EEA L 7o R A BUIMESE R, e RAEPFBERAEEZE T LD
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B L ZPECTHMNSTEAT 2 2 LItk b, kOB L NHHEAR TG s Nz wn
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THEITHM L 72, 836 N7 nlE A E O BHUREAR AR, A MRS E L iRefGEdEo
AHZ ALY —%2 5L CHERMICGERTES L2 A L. £/, BEERNTBOBRIEHE
WS U 72 KN v FIEE R ORI R RN 7 B L, RIS, LD
Sl HEICEM S 2 2 L2 WL, AUNEER 09V T 64 ofimfirfions 2 L%
MR L7, 61, BRI 2T 72658, BLr~T4 v Z7REHFEFICEAL 724
TEREIE R D BN DB R NI EETH D, 7?%—%@%7%4v7ﬁ%£?%m
WA LR, RYIKHEPIEEI NS 2 E2HG I

ESE &
KETIE, B2EIPOFEAEETTTHESNIIEBEEZREL, AR IcE ) 5
b7z



F

b

1.1 S

Whid, WA E Mo RERTH D, Fx DYEETH 2 HEIME & WEE fR RO D
RETH 2. WhEHAVS 2 LIk WEEETRELRBITRERENPEONZ I L0, K
REZEIVICETT 5 2 LR ABEXOEMEIL LT, RRFET2IEILOLETEIIEIE
BTN ZICHO OGN TEX [1,2], WA EREOT 2Rk b HEELEE X, GHEMELST
ZDOXRLERTTH 5. BITNZIGRORER S 1 H 8 < H il 2 —5 T, %
DEFE & FEEW 2 BIEFMNC X ) B TAGICHELM T %, £, WHPET 28I
L0, ZENARRAOEMICNT 2EICIBIE6E, TOUBERZMEN T 2087 L%
%, LzhioT, WHEDOHM - BREI X ) g ilmafid s X AirEz2fiHcs 3.

AR, TR T EORREM B LG E OB KD, EORHEE, BRN -k
FIEE % E2 2 S, REOUEPHERED NG 2T > LIKBEEARPEH I LT
% [3-5]. —/T, BERTIEIHGITIEE L WEHNARMED S %4 2 MUV E o E 8l #H T
HBELT, MNEIREEEAT DM ERE L LRI L 2 BA TH 2 [6-8]. I 5,
BANIELZ Db D2 B SFRL, W25 T2 L bARTH S, FTHIDL
HAEHREZ AT 2 GHEAHEREZ Ve TR OBLA 2 3N e T EA LEEL T,
MBI FER 2 AT 2 0 FRUIABUMEG RO R ATRETH D [9-11], HEdHH
GOFEBRAGMEZIEH L 72, BRICK Z2BENTHbITEX [9,12-14]. L2L A6, #
EAROFERGICHK L ERUCE X, EROTFIKAFTIHEINLZICLE2DDTH
5285, AEMICRENETH S, Leh->T, WRNAREIDZ oI, §l2 I3EER
DIEDEROINAKAEL TREZ Z E2FHL, HEOEMZ K L ERAINT %2 Y)
DBEZ2HREDLRPHEE D [9], HMLRTHELZET S I NI ERERHEL
o Tk,

SR ARSI, B AT 2BUNIE E L TZEEINE 2 6 BIRZE LI
WRTH-170, ZOMFEMFEE X OHIGEERE S OGN EME2 TEH L 78S 5E D BF
WKHENEINTE, Lo T, BERRZZOBRICL2MENCHY, SHERES A b
WIZFBI NN TERL, —HT, ZoOWMERERNZIAGDOELEARTIE, hd



EBPHET 20 FRAKFICED, BEERAOIME L OMMERAZR T 2 ENTERT I N
72 [15]. Thbb, HEEIET 20 TRIAE S A MRED D FELH & ORISR
T5LE, ZIUIE) B A MRS OBLAIZETE 2 s 2 LI DSHEE AR IS L7 6 <
EITXY, WMFHEOEEHNGS . LEdoT, ZoiEfazAH UL, ZnE THElT
Ehro LBIEOHIN - REICK 2BEERO TSN LB AIfETh 2 L EZ NS, F
72, DL IHERIREOME TH 2GS A b EoMIERS, BXOFERFEICHRE
L7z, fERDEHFLMEDS e 2N TR RS N d» o 7R 52 B RS K Rt 238 31
THAREMESH B, 51T, MEROMMIE, ZHEHEKIE T 2R GEE L OIMNGIEEE
DIIIRHC R ST E 7223, RN MR AT T 200K & AR EEZ AT T 2T &
BHERICBOLTE, 2O200WEHZZLADOREE LTI NIbDEALTIENT
X, ZOMFEDOHALGOE ZHEUNERTIUL, EROM, BXORSEARTIIEON
g0 Tl BRI RO R B T E 5,

L) BERDPS, AELXTIX, SFRmBIMEEE EREOESRZ VT, il
Fr ORI D VLA BRINE B L OOERHEOHIEIC O W TIZE 2 Tv», ZOEEE %
Lol B LIRETIE, Wi E S TIRIABMEERE, BXOZ0oEARICHT2HELZ BLIC
HWRB, W 20T, —idA 2 479 A REEHA &l 2 A7 22 LT, [l o8
BRITET 2 HEN B RIS R 2 200 L, FEBICH L BB E F L 2RSS 3 ik
DZ ORI OWTERT S, HIFRTIE, —ilmz2E TGk e FERA O/
AU S O BN A U T2 2 R ENR S D AR I B 1 5 BRIBE R 2 8
R X ORI B IS 0 05 i T % & &b, BAMMERE BRAHIED» S %2
HAERDRRGIRBPEITOVTEE TS, HA4HTIE, H2HEBIVH 3WTITo 72
NI A L 7 &R o ARGl 2 6HE TG T 5 2 L 2 BN E LT, Stk 2 5
L R Efk e 2 69 2 k2 W 2 gk ), Ko RERES X ORI Sl % 17
J. HBEETIE, F2E»OHEATEETTRONLMARRZBIEL, AELH BT
fiiam 2R 3,

1.2 BEREZFDNE

Wi (liqud crystal, LC ) & 13, #AH & EFHO RN ZRRETH D, WHDHENM: & EHH
DRFVEZ W Z 7 WEORETH 5 [16]. REMAZE ST TH 5 5CB (4-cyano-4 -
pentylbipheryl ) %X 1.1 1T~ ¢, WRETFEDMER I, 1888 4FEIC F Reinizer 252 L A7 VL
LREE X 2L L [17], 4RI O. Lehmann 232 O#iisi iz W L7 [18] 2 &
IR FET 3. 2D, 1968 4EICIE G. H. Hellmeier 12 & b, BIEELE — F23[19], 1971
fEITIE M. Schadt 1I2X D, it~ T 4 v 7 (wisted nematic, TN ) BXEIE— F2HEL S
1 [20], 2Lk, BT 4 A7 VA IZBEFELAREZZR T, SHTIE, ST 4 A7V
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1.1 REBWBEIRRRSF 5CB (4-Cyano-4' -pentylbiphenyl ).

Wiflt

Wikt wunn

12: (@) RN¥T AV IRBRE b) AXIT 14 v I RBDAFERINERITRAR.

W i

4 (liquid crystal display, LCD ) 1A% DETHRICIACIEEL, oW BFHERBICE T 5%
REEELE L TREATRZDDERS>TWS, 361, EEDWMIFRDER IS, T
WIERTABTUNOLHEHE T2 I LD ETEIEI LT OICHABES R, KA
HEBTHbN TS [1,2]. WA, 2 FEOBN oKD M & &0 TR E
5. R FREICIE, RS TE KORGS5 5. BIRTTIE, T4 A7V AIHICH
WHNTED, BRRTFIEAMEIE LTRSS, £, Salmicid, FERE X
OISR D 3% ), TERO S DX, FiRkE - SR & L ColtlB R I ntw
% [2]. BIROWRET T OEGEZEZ S E, FTRINCED 2 O0OFBICKINTE S, V&
2UF, W 12allRmd &9, DTORIGEICHKE 2GS 55, BEOMEICOWLTIZERT
BARTTA v ZWNTH D, LTI, K120 IR T XIS, T DRLFIT RIS A
THMIEICORFE2ETEAXA T4 v 7RETH 5. &k, figbTug, plzids~
TAY RIS F IV T4 25T LICLD, —RILANTHERNICQL W fiEr 6
T2aALRATYy 7 (F7VR2T 4 v ZHE) 2, AXT7T 4y 2EDF 7Y T4
EHLEXINVARX T4y 7R E, SEIEFRBGHIGFEST S, Z0L) RO0HD
EDICD, WWRIDED X ) BT THIT 20K DV HITE S, BESMAIC X DR
REDFHIT 2 L) Ml Z Y —F buEy 7 E VO, RESMIC X ) REIRED B
T2XI9MBZYA P RE Y 7T E V.



B13 x¥T14 v IVRRBICBIFBERANYT ML n DER.

1.3 RNT 1Y REDEGIER

2T A4y ZHORART 2R TICH T D A0 N ARFERITIE, O R
/5% R TEIAARY b, B X OREOELR /T & FLH O S & [ R TRmkT 7 >~
YLVTH B [21]. DI b, FAFEIZEMT - FFRNIC—E & Ak¥ 25481213, Bl
X7 MPNVERACZOBMERNTH %, FEEE, LCD ORE)IE— NI} 2 ELAE L 2 DZ1b
BT 2T, W, AR Ptk pitRctaThd s, 4, DK RICE I
REa7e ENFEL, RIFIEICERNZDM1H 286, & 2 I & SA oM R’
XH 0 E, RFEORRNARZLZME) B, BRAaKE T Y V2O ER»S LT s
%%, AKX TR o, Z2ME - IREICRPES —~EDRTH D, LEd>T
PTFTIRERAZ Lz Huk#ERziT).

1.3.1 EmRXIZ ML

FT Ay ZHSEEARTEE T 225, K13 T XIS, ZORFTHERICE T 5
B BC I 1 2 A 2 P L TR L LS DAY FLTHY, nTEENS, 2T
W) TR & X, MR TF OV A X (~m) XD R E CFPEEBE S K 9 22
YA RRET. o, BT LECER TR, HEOXBMBEETLZ2HDD, TDL9H)
BYA ADRAERICE T, HERBZAT 2D FRZNETNEHRETHLET S, 2D
B, N=-nHBWH L, YAICEFTT 4 v 7RSI EZ S S 20,

—HT, WA TORAZERT 2 LT, BRX2 buniciiz, BAfRTFE SHHEER
NRIA=8Ths. BARFLE SIE, £ FORAAME n toThfME g & LIE &,

S= %(Bh:osz ;) — 1) (1.1)



Splay Twist Bend

& di

Uniform

B 14 RED 3IDOHEEHRE—KR L ZO@H. EEOHELETERRRAOEKAERHLEF
EI3EEETT.

THEINS, 22T, h BT FORAG RO ZEd. X (L1) &0, FFimE
DYEITHRYTIE S=0 84D, SERMATIES=1E%%,

1.3.2 RAMOEHHAIRILF¥—

Frank DEEITRILF—

e, BRI RO TREIIA, RN 2 SO B L R, 2
DEACNTN T 2D 726, ZDEE, Y (F721E3HA) OEEE Ax IZHR L, 5
Vst K DBFEIIC & A 5 13 BT 7L ¥ — fu 12, Hooke OIHIIE X D LI Fo X 5 1o
Hzons,

fos = 5K (A% (12)

—Ji, 22T 4 v 7L HMEARTH 205, BUARYZ RV n OEMPZOTARICHL, M
OB 2B A8E 72 6 <. 2L, WEIEHEICS RG> Lo, M 14107
T LI, JE3h (splay), tal# (wist), #h23) (bend) @ 3 DDEEE— FBEZ S
5. £oT, nOEFIHEI HRHZ R VX — %25k 3 % Fank OBPE 7L ¥ —% 1

1 1 1
fraric = 5K11(V- )2+ SKa2 (0 V x n)% + SKaa (N x ¥ x n)? (1.3)

EFRIND [16]. 2T, Kip, Koo, Kz I3 ZNZ4UADYY, Ui, #idsh ofEE#H T
bH5b.



Ae>0 Ae< 0
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15 BEREICEBZEEARNY ML n OBEAEBFERAE Ac OFS & DERE.

HETR)LE—

WHOBEBELEED—2 L LT, MBERICN L CESIIBEL, Z2oRA2ELIES
Nl nBfons, ik, ML OBNTTHEFITIGELTV2DTIEAL, BND
MR IR T 2FERORFEICL D, o FHEMRICERIIFEL TWws I LTk
5. WEDEIARZ PV n T, BXOEEZRTAIOFER e, &0 1T L, FFERTE
Ae (=ex—er0) ZHTZHLE, HIMER%EZE (LZLE=E) £9%¢L, ffEZRLT—
&JE felec i

fojec = —%sos? E2 - %ser(E-n)z (1.4)
ThHs, ZIT, g ldEEDFEXKTHS., TIT, Ae ZERLT-EBREPINE» S5 2
s (BAESNK) bDEEZTIWEAIIE, AUH 1HEEE n IKFEL RWEHTH 50
5, WEDIRAMEDFERICE W TERAZ0E TR [21]. A (14) £ D, niZXK 151CRT
EIICAe >0DEEE LATIC, Ae <0DEFE EREICHKANT S 2 ET, LRI
X¥—%Z/NI{TES,

1.3.3 R\ETFOER GFHEET—R)

CCECTTHRTELMMEEGYE, BXUOnoERICLsHIAZFAIMNTSILICLD, &
EIERWHFETOWENREZ 605, WFETIE, ZOEBHI I n v REDZERZ
Lo THRL 2D 7 AERD» S5 Y FA vy F o VICKEMEI 2 BE LRI S
D, ZOESEIERICH YA S P EDRLARZ R L H—D BTl 5 78y
TR EICK Y, BRICEET 2SN T LA S 2 52 5 C LI X o T oRdiAR
BSIRES NS, £z, VIR EICEHEMZIZRL, LIVIEINICER 2 AN 2 5%
(in-plane switching, IPS ), & % W IZHERHICER 2 NS 2R — I o 5, K
XTI, H2EEIVHEIHETLASIPSE—F2, FA4ETITN E—F2Hw5, M
TR, 205 DEFIGEICOVTERS,



(@) (b)

E 16: 45°IPS E— R D (a) EREENNE, HEU (b) BREMBICESFZERARE, R E &
ZhENSEVI AR, OMEROAAERT.

45°PS E—R

16 IR T &LIIL, V7N, ThbbyHLmAS x @i Fmic—3 L, VEd
D75 F =AM LT, AMHNIZE T x il L 45° Fiic#Es E 203 %
BaEEZs (Fhbb E= (E/ 26/ 20). B~ b nohlifiz p@) L F5 L,
n= (cosy(2),siny(2),0) TH H, W ZITHNESD 72 D DD HH = 2 V¥ — Fyig 13

(L (@)1
Faist _L (EKZZ( 57 ) —ZsoAsE sin2y(z) | dz (1.5)

Th 5. Fuig DW/MlZ &2 EE, Fyig DINBIEIS 0Fwis /00 (2) D30 L7525 2 L5,
n 23¢9 N & BEuerLagrange /i

() 1 2 _
Koo 572 + ESQAEE cosy(z2)=0 (1.6)
E% %, BHOEEINI W (W(z) < 1) HA,
0%y(z) 1
22 8‘/’2(2 ) EeoAaEZ =0 (1.7)
&b, Thzk Yy IiionTHE L
2
w(z) = —8ZAK8E Z+Cz+ G (1.8)

22

ThH%. BEREMHZYO0) =e(d)=0ThHD, FEEAONHELD ¥(d/2) T (2 ZRA
B2 L%, EoTymx =¢(d/2) EEL & Cp=goAgcd/d4Kyp, C=04&D

_ goAed?

Ve = 6Kz

7

E2/ E2 (19)




E%s, TORXELD, O THROVEED EIWCHNL, Ynx >0 THED6, Fyig 23/MEZ &
272 DDHMBERD L EWEIZFEL 2, £z, ERTFONIVEE, Yo 13 E2 IZHH
LCEnsd 5.,

90°TN E—R

17T k9, ETFERO 77 Jm, $hbb FERE X ONER Lol
B DS Z2 240 X B2 L +45°, —45° THHWICERLTE D, L7 THEllfvic 90°
RUNLEAZAET2 TN 2L (BX d) e L <, Lol (z45m) ICERE %
HIMd 286%2%2% (§7%bb E= (0,0E)). BFRXZ L nofiifi% 0(z2) £ 55 &,
N = (cosy(z) cosh(z),siny(z) cosh(2),sinH(2)) TH H, P ZICHNEED 7 D OO HH
IRIIX— Fy 1

1 .
-] - ZeoAcE? sin? 9(2)) dz

d
Fry = J (% (Kll cos 6(2) + Kgg sin? 9(Z)> ( 2

0
(1.10)

0

) 2
¥ J (% co$ 6(2) (K22 coF 6(2) + Kaz sin0(2)) (aﬁ_?) ) "

Ths. FnoimMEZ LD EE, Frn DINBEIERGY 0FN/0p(2) B LT 0Fmn/060(2) D3 &
HIZ0ERD I EDDH, nHE) NE BEuerLagrange J5 I

(Kzz cod 6(2) + Kaz sin? 6(2) cog 9(z)> azw( 2
9602 (1.11)
(4K22 sin 6(z) cos’ 6(z) — 2Kz Sin 6(z) cosd(2) cosgg(z)) oy (2) a(z ) _
(Kll C0S'6(2) + Kag sin 9(2)) o6 (Z) — (K11 — K33) sin 6(2) cose(z)( (Z))
(1.12)

+ sin 6(2) cosd(2) (2K22 cos 6(z) — Kz cos 29(2)) (ag(l;(zz))
+ goAeE? sin 6(z) cosd(z) = 0

s, WRAOEEBNMI W (0(2) < 1) Hé, sind(z) = 6(2), cosh(z) = 1 £ TE,
W(2) = n2/2d - )4 L BB D5, 6(2) BT 2 TROEEERT 2 &, X (L1 okl
Z0oEnbh, R (L1241
820(2)
072
LB, 0(2) BT B iR

K

+ | (2K — Kaa) (Z’T—d)z + eoAsEZ] 6(2) = 0 (1.13)

480A8E2d2 + (2Kp — K33)7T2

1.14
402Ky, (1.14)

0(z) = Czsinkz+ C4Cc0Skz,  « = \/

8



@ (b)

[ 1.7: 90°TN E— R D (a) EFREENMEF, HXU (b) ERENMIFICH T BEAR. Ry, Rp
FZNZhLER, SICTEROSEYITAAERTY.

Thsb, BREMZTO0)=60d)=0TH2»5, C3, 0, C4=0HELUsnkd=0THDH

=mr>n1 (M=1,23-) (115)

e 460A8E2d2 + (2K27_ - K33)7T2
B 4K 1

Y55, CORED, 02) > 0B VT Fry 2R/Mii% L 272 0DRNDE % E. L5 &

(1.16)

Ee = d 4epAe

TH5. ZOAMERD L E il E 13 Frederiks 1% [22] D L & Wil £ EIZN S,

_ ﬂ\/4K11 — 2Ky + Kaz

1.4 RITavIRBICEITBINRESTE (Jones EHEE)
Jores FFEBHE, JRET A8 L 7O RIGIRER ST 5 A TH D, 1941 FIC R
C.Jores | k DA S [23,24]. z AIC{ET B EROREOBH Y b L E 1

_ (Ex\ _ [Axcos(wt — kz + 6x)
. (Ey) B (Ay cos(wt — kz + 5y)) (117)

CRINB, TIT A, A BET 6y, oy BEHEH X y RATOIR L A RL, ol
fRRNER, K R RT, ¥, BBAIE ZI05 5 E ofERES, UTO bres<”

FLJICX RT3, s
A€l ox
J= (Ajé(;y) (1.18)
9



oL E, HMRLOERNT by Iip &, IREITRDS X il LA o DL E

_ (cosa
hP—(Qna) (119)

ThHhb. ZOLE, 2f7 25D Jones{THl M TR EN 2 KR IR DORES AL L 7285
GOHEEOMIRAEIZ, MI ZEHET2 2 LIk koo, LT D Jonestidl M
&, RGO TS x gl LR g o & &
[ cogy  sinycosy
pol = (sinwcosw sin? y ) (1.20)
Thb. £, 77— (planardignment PA ) 2H T 5%~ T 4 v 7D JonesiT
¥l Mpa 1, FREIRZ P VO HADAAE Yy ET 5L

r . . . . T
COS— —iC0S2/ Sin — —isin2y sin =
> [ 20 si > i1sin2y si >
Mp = (1.22)
r r r
Lisin2v sin & r.. s
isin2y sin > cos2 i cos 2y sin >

ThH?s, 22T, I'=2rAnd/ATHY, An (= ne—ng, 7272 L Ne B XU ng IZI D Wi
JEHTRE L OHEREITR) RSO ERYT, dIZRWREE, A ZEEEZE£T. —, INHK
D oresfiFl My 12, Z0RUNA%EZ O L LT X= 02+ T/22 £HL &

sin X oS X | I sinX
X 27X
MmN = (1.22)
cos X il“sinX sin X
27X X

Ths., RIS, FUT 4y ZMBEORANY P LD H AN g, Wi TEShS
L, T(0) = 2nAn0)d/A % T

cos@ —icos2y sin @ —isin2y sin @
M= (1.23)
r r
—isin2y sin re cosﬂ +icos2y sin e
2 2 2
Ths. L, nn
AN(9) = 2 -No (1.24)
Vne2 sin2 6 + ny2 co 6
Th 5,
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1.5 AFEEH/IMEER

151 BEXROEREEAMDER

ST FRLrU IS AR L, PO RA TR 2 4§ 2 AR 2 v T, i
BoTinsitu BAT2 LIk EHENS, Lo, I E T 29 TRA % HE
LT xlERE R, BAM2ET22 05, ZOINHMRIZEATH S, 2001 4EI,
HEAGMER 2T 4 v 7 Z L TE- I N R X BB R G2 6T 2 5REIR
DREEEDIH S TWE XN [9]. Tz FonTic, TNETIIBRDY A R0 E% 2%
WERDIER DT TE /K [11,15,25-28]. 518, WXORAKITFZ4ITEARX T T4 v
PR AV ATV v 7D 6 RS U RS R D S EERE S v v B (10, 12,29-35].
T/, BMERASVWET HHERGMEEZTEHL, SHHEENICE W TERIC X 2581537
bITE [9,11-14,31,32]. N6 DHREDL 23, FEHEREIOEEAMRSRAL
TR Z IR T 2, Fd=A 7 uiitthk 734 A% 027 8 L CREENICTI TG 2 TER L
7o ETHEAT A I EICLD, MERZERT2FEZHOTWS, LaLids, Ins
DFLE TR I NI ERIL, 20T A ADARHOTH D, FIEDIAE—I127% % % EDORTE
Dot oI, BWEERNEEDSTIIAIZ, AL ORMOFELML 2T 5720, Gl
RIS 7 K E R EAZGURECHEENIND 2L %D, —/T, WhDPET AL
HORGWIERL, WSZ2AML 20368062 M 2 2 10 & D IS L 2296 1
R Z T 23 A0 e SN/ 03 [28], 2TH aBEM L+ —dhlidi % 5 2 o 1% H
ThoT-,

1.5.2 ZHFREL—Y—EEEEEIC K 2EERDIER

AT, R AU IMEEEZ (FRS 2 Fik & L ORI L — 5 — EE
7 [36,37] 27, AFERICBWTIE, L—F—DENAR Y FMrED A THITEIC X
DEAIE S E2HY, NRETIZMEOBIR L D RIEEOEGZ VT, 2000
FHIBICLZ2EG2IT). 207D, EHARy FFELFEEOERICELD, RO,
YA ADOMEERZFRCE 2, T L — 3 — EEMENE Ak, IR IERIE AN
BV TRIIICEEY % FEL 2 FikTh 528, EEZNECEAMKRNE LA ICHEA
AEETH D [11,15,38-40], Ho52 L dY ¥ FA v F L )LNOHTEAMRN 2B 3¢ TE
&, L—Y—EEME%TS 2 &T, BARIOSTELADEEL X VNSRS S o
BOMERTE 5, £/, ZHTFRINDE Z 2 HESRI DGR O I i L T8 %
D3, EHL L=V =D T —FE L E N> S OO B X 2 ZRICHHI L TS T 5%

© [41], #ERE L TRIEHHE Z 2 HERIZE AL S OO B & Z UE IR L TR §
5. LIhoT, N FRINC X 2EAGRERAEEF TOAFELI NS 0, FFHRET
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Sample
z focal plane

xod

Objective lens

Immersion oil

Tube lens <>
Scanlens >
y
Scanner ’
DLW laser
polarization
Mirror\ @ 0 Ti:Sapphire laser
Collimator
lens

B 1.8 ZHXFMEL —Y—EREEZT S eHICAWKFERDERE,

Ny = 1.518
BT T s focal plane
Immersion oil 1
f <
:GNA
2r
Objective lens NA=1.4 |

B 19 WYL X0 f, MOBER 2r, 8EUKOARTE o\ DEIR.

EHERIZT) Ik ), A NTEREEL 2GR Z ERSTRETH 2.

¢ 1.8 1245 e [ S8/ 3 A D MR B IV 72 “OGFIliE L — W — IR IS 35 ) 2 62
ZOBRMZ R, BRICEWT, 2V 2— 7 A THE b S L — 5 — B A M
(Cal Zeiss, LSM510 ) EDRA T = IOMBEGIERMEZFRE L 2 v Py FRe L2 REL,
HuDaEE 800 nm, )L Al 100 nm, #: DR LS 80MHz O F 5 v 7 74 7L —H—
(Spectra Physics, Maitai ) % 53 63x OHENYIL v X (O NA=1.4) B X OHRA A

S AY —EH UG AER L 72, 22T, L= =YL v Xk 3 HITRADEN
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ARy b (Aly T4 A7) DEL Dppy 1, WYL v AoEGiEREE f, BAHERZ 2r &
T5E, PWEADHITHL f
Daiy = 1.221? (1.25)

Thb, —F, LY AOBEOK NA X, SPL v RIS AS, FRENL Ao HET 3
HDORKAHEAIEE O £ T35 E, NA=ng sinf EERINS, ZDEE, K191

RT X .

Sin Gy = 1.26
W= (1.26)
DR H % DT,
f_ nei?
i Kﬁ?__l (1.27)
L%, IheR (1.25) 1ITfRALT
Noil 2
DAiry =1.222 W -1 (128)

ThHs., KFEICBT2ME2RAT 2L, Daiy =4090tm L4 25DT, Aty 74 A2 D
il Sy =1.31x10%cn? Lk 53,

KREBRBRTIZ, 2048 KD I A4 VEBICK D, HAT 146.2 x 146.2 um? D IE I HHIR D
EBDHRETH Y, HEHH Y Ea—8 CEAHBEEE L, SEGFETERIC XD HE S
N2 ERTES, £, ffHa Yy Ea—yTL —F—iEE X OEEHREDHIEAH
TR TH . AR TIE, X7 —x—%— (SpectraPhysics, 407A) % H\>CTHE A CTHIE
LL—Y—iiEE 2Ry MK Sy THZ I EIckh, "7 —HEXGL, £/, 1462
um OEE T A 122048 E 7 e MIZFEIINTED, L—F—DEHERE vgeqn & LEZ &
NH1Y) DV —F — @R Tpxe DBHFRIZ

Ve = 146.2 1
N 2048 Tpixel

(1.29)

L%, RWMETIE, L—F— 7 —%EE X OBHE e & L —Y —EEME D37
A= & LTHW,

1.5.3 AFERMBMBES/REBESRICEITIEERS

ARIHTIE, o TEABMEGEEDE T 20 FECIARFICHE D W, SEHNEME»S %%
anv A PR LR 20 & OMAFHICOWTHRRS, —fic, WEISHNE LSRN
SNGh, BUMPEORE TS ED X ) ITEINT 2012 X > T, WHDOMEEDZL T
52EERD, WHEMOCONZELNEME»S % a0 FRFOE, auAf PO
R THRE T TS TRE F 72 I3 PATICHLA % & )RR L Z2ISRENICEAIN S,
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77/
T

B 1.10: SFERAMIMEER & RBOBERSICEIBEFERNROEREZOE DD DIRA
MNERDEREDFESOEE. BEOREEIEER, BEEIDhDIRA MNREDBRN
BERERAZERERY.

DEE, anA FRTFDEb ) OWMBLIANSHEE I N2 2B 2 M T % X 9 ISR ARt
WREBLD, BRELTHEOHEMETIZan A FOBIRIKEFET S, 20k nlEEL
5, METIE, Wik avA PRFEOMAEHORIICE T2 HHEZ LD RELT S
DI, BRETRLZzaa A FRFE2HOHEIERATH 5 [42-44].

—Ji T, WEIC—WlEL i Z2 A 3 % 0 AL/ VSIS R 2 0 NITE A L 72356, TRIRIC &
59 Z ONEORIAD A A MDA —3T 5, GHNAEMI» 4% % a0 FhfIC
FRS N ORESHBLIT 5 [15]. U, BERAEDPSTRAZELTHSE I ER6,
Z DRI WDy TRASRED, OZOMEIHH 2 EIchKkLTwD, &
BRic, JGEAMERE X D MER L 220 FEIAEIRDY 2 O FELR T I > T, 78 v 7L
Z#fio7 R A 2 FEAZEOROEIABRTINZET 2 2 EPHE I N T3 [15,45,46]. %
2T, AT, BERoRm O LM% B 27 FL m &2 TR T
%. X 1.10 (253 FELA U MG LSO ER G ORI 289, AR MREOR &
MEERNEORBLN & ORI AEEDAET 2856, BIERILHE O ORN & G ED &
TN - FEIRIC B B ORI AEE AL, 206 DR ORI IS HHE 1 72 fl [ 48
EiEEINE L ek, £ bIMERILICE TORMMELH O SRR ZTENAEL %
(X 1.10 i2 B 2 R EOMENTEIR) . WHIEHEEZE T 2006, BF2@HLEIEL, 2
DOFFHRE LT L 7 G EIICEZ o5 2L b, ZO VI ERE)E o
THF DRLIADS T I E ISl L, fEGEENTONR R L 2 D b ) ORI 44
b7 > TOTAHDRV—ARARLAFESHRNICIER I NS, CD k) LiffiEhkRE F A T
WD FIER 2561, A FERA 26§ 2BERICRAOMEE TH Y, MR EAITOWR
o OB ZREEL TwB 2 ICHET 2D TH B,
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B2E

—WEREET 3 FRAMMESEE / REEAROE
S

2.1 ¥&S

EERAGTER S Z O TER S N 5 5 FRIABUMEGEAERIE, b LRI TH 2030 2 DFF
B, ThHOLENE KOS FRAICHR L EEN RGP, BXANELIEZELTE
D, TNSEIEHLZIGHBNREINIMETH 2. MEEIE, 55 Dt S 7kH
GRS ZRTINCEAT 2, 2 WIREENCREHZER LESGT 24 EDHEICED
RS, HEEANICT PR E SO US> B2 /R 1T 2, ZnETicd, L
G EDR LTy ZTFERICE D, BRI TR HIE S N SR E R X
N7z [25-27,29]. & 51T, J2AM [26,47-51], & B\ IZELHIEL [9,12-14] 12 & b Ak
ZEENITE 2 2 EDURI NI, L LAEDS, Z06130TINdEHNREENICOBI N
TeREERICER LT, — IS, MEOROELERAEN T, HEOHNFRCY 72 Y
Mo 2 ) BREOICERI THERZNE I3 2 LT TH 2 T, HGEHREL
THEITLIDE T 60T, IWEEFANETH -7, £, WEEKOFERGEICHEL 2§
BEVIDBEROFICHHIT 2720, BIEOKIRIC X )BT A% KRS E2 2 I3 TE
BV, ZORSEE LT, ANAEBEIO OIS, B IESBOBEME TR L ANER DT
ZEIE DB EDLRPUDEL LY, ZOBMLRFZRTHEEIISHNDOKRE LHEE B> T
a7z,

Z CARETIE, WEBIC—EIFLm 26§ 2GR E 7 4 v 7RSI L 285461
BT 2 EXOCER M R E X OPERIC X DS T L, TGPl L —F — A EE R
XD, 320DELEZY A XDIEHE T L — MIROMEEERZ FERIL, Wi VINIZOoHL
7o, ZORIVICH L THEHASG M OERZHIM L 722546 ORIERO BRI O W TR,
FPICEREZHML 7284, 2L 7 O A MG ERBGEER I Z 2 BRI LOng LI
Flg %25, ZOLE NV 2ICEIT 55 A MRSOE AL & HEHRRE OB A EE DI
FEEAVEL B, BERIERH O FIRAICIHR > OB AR 26T 5720, Z0RAEM
DG R U NERBFLINS, ZOEBEZRIMLT 20 IHRI N5k L
Ik D gAY 5, INnE T, BEEI R T4 vy JIRENICEAINGE, W
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TS TR & A AL % 30X B 1 FRI0 75 PRRC 126 B8 WL S gz 23 [15), RlE
DREFOCHELIERBNTH 572720, IEFIERHICIEHE (~309) ThHY, THERICK
BEBITh T O ad o7, APIRTIE, WA THEERZ BRI X ) Ll Ic B T X
BIERTL, &OIHGERDY A R A A MU DREIEASIE IR 2 AW B2 52 2
Z RS LT [52,53).

22 ZTFERE S UERFE
221 FRFIER

2L I L 2R F oA 2Ry, MEFROMEEZ, WAENEEGERYT 14 v
7 W (Merck, RMM141C ) 1 % it & [ 58 &l (TCI, 2-benzyl-2-(dimethylamino)-4' -
morpholinobutyrophenone ) % 2.8 W% Il L 72 6B AW+~ 7 1 v 7 ekl 2 v
fiol, REAHBA O THEZN 228127 T, 28, BAXEAMERY RMM141C
DR E & RS TOE&EIF A SN TRy, ARBHIERZ & 58°C U T TR~
T4y I7HzRT, XL, COMBZEI 2um oYy FL vy FRVICREL, Zo®
VORI, AKFREFAA (BR, AL1254) % AE ¥ a—1 (500 mpmfor5 s, 4000 rpm for
309 ICkh&®EML, 150°C T LIHDOBER ZfT>7 Db, 7EY 7H#E (EHC, RM-50 )
ZHOTSHEO IV UM ZL TR D, 7V F 7 VLILORRE L, ZOFETFNH
WKEOTER N TR~ L Tws 2 2R L, 152 HHIIR L 2 b —
W —EEAEE I X S G R OER 2T/, L —H —EAMEIE 10, 20, 30 um D IETi T
L, ZOMMAHIAEZETDTEY VA IS ZITo 7, ERGMRE, L——
N =R 4A3MW em™2, L —F =B %Z Qusum™ & L7, oL T o
NGRS % L — Y —WiMsi (KEYENCE, VK-9710 ) ZHWTHllE L 2454, B &
Z36umTh-or., MEEKOERE, Lz oL, WERD b ) ORI
KX BkRELER>T 4 v 7 (Merck, 5CB) DiBMZ#E DKL, MHAZHIIC 5CB NI HfiE
EBgB SN EEMEI 257, 5CB O FREEZK 220 123§, CH2JES S5um D
YRy FRNVICEALL, TORVDORHIICIE, H50L O ITO OHffifEE% [HikE 60
um TR L 7z, 722 Lo NMlOmANIC, RESEOERICH W7z 2 )v & RO AKCTRL AL
HEMLTED, ZORAASMA M, BHEICH L T45° 22 T/MRE Lk,

222 BIAFREDRE

FTOEXNAIE OB, WICHEMEE (Nikon, Eclipse LV100-POL ) FiZEWT, 27
CCIZHRELMEAA T — (Linkam, LTS420 ) ZHWTir>7%., 777> avyz?
L —% (Agilert, 33220A ) 12 & D FE I W7 JAWEL 10 kHz DI IR % 58 1 Ha iR R
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