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Zglolu =5 (120a, 120b) Abole] F3+& 3Hslr] d B4 AuolA(130)7F wix T, &, 3 Feo] 73t
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@4E -4 E(no)el Aoleltt. wEkA, Bl ¥ dojus 34 d 9 (PBG: Photonic Band Gap, FME= #Y)
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uhe ol it F 7]¥(110a, 110b) Arele] Al xxlel &l untg AL ZEolu|=el HFHsh= A dA
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% 189 Frehu, AsgoR ARE okr Mol wrdl ueh uetEst Z4E S8 WY AAH(100a) 2
440 0F A0S EFT 2A QEVL £AT 2.
QA ez, S8 BF 24H100a) 2 H WP AA000)E 247t BAT FEO) of a2 FEo}
Aspl ek ND WElE E3 S Ack N Aelel ofs) -9 WY AxR100a) P Y WY 2AH1000)] 7
Qgejol FASE AgAe] Folut Ak gebd & ek, AAHe] Feluk Aol wet 2 Gel AxFo
2 Ags)s oz Azl wigo] webd 4 Ark. e, okx Miel wgel mek -9 W 2xH100a) 2
491 WY 2241000)9]) 2 JAA ARSI E W] e gebd & vk,

4 % : £

ghete ¥ A3 A0 54 9 9 13 4£2(100a) 2 #FD AF A2AH(100b)E EFHet
& } TSR AR A AR

& 199 A7 AA oo A FE7F ZAE o] Sl
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T 198 #Fx3W, »=x FdEE SEH(160)E £EIT £ 9
27H100b) 9] 7 Well d& FEE & 3k 9
A 2AH(100b) el A WhALE = Ul

. B (160)E 9 HF Ax(100a) 2 FHY HG
w7t Aojgel wal $-9 AF A22H(100a) 2 HY

do L

ro

A, =4 BEE shte 242 7AY £E g

L 20()E Fxshd, dad 943 #F 2A7F =AE vk =, & o] 7]9(110a, 110b) ZH7+e] o
Zoln=2(120a, 120b)o] IR HAT. 183, Zg]o)n|=3(120a, 120b)S 7ol wat 29 (rubbing)
g Atk v, Eolv =3 (120a, 120b) Ao]e] 2#|0]A(130)E o]&3te] Ao| A|zE i, un|g
Fhold B (=HE) Az, Jlold EAL XA Jlo]d EFY 4 St}

Hdd Jtolg Edo A e ddgew widdn. steld =4
al

2

12 X g
AN o oo
Moo x& 2 &g ff

T AALe A e = arslEl A8 HF axe] Eg o)y
(120b)°] =€ = 32 7]7(110b)o] AAET}H. = 20(b)E Fxshd 43 AF Axe Zglojn]==(120b)o
g5 3% 7] (110b)o] AAE Two]l TAEo] u}. 9 HF Aol T J|F(110b)o] AAE T, o]

A (130a) 2 o] &3t Ao] AZAT},

T 20(0)elE MEE Aol x3e Axrt =AY Qth. FEo|H=3F(120c)°0] ZHHE 7]F(1100) 7 M= =
, AFE A vnpel dgy) ghold Edo] F=PE .

al
= 20(d)elE AR Ao ke gt shold Bdo] FHo] Az FelsHY AAF(1400)S EFFE,
27t 493 ¢4 AY 5HL AL 25 T Sa vish o], E 20(a)e] Felx
0 445 (140)0] HAH Fold BAo] XF NAF(140a)01 = 44 Told =
Ao . #W, = 20(a)e] Ze o] EgE A%, Aze Tels
; o]

O~
A5 (140a)ol= a4 Flold 24

de o 7 4 Fholg Bhol xHE 44, Tezud A4F
2 R3a e S BY 54 AT, A4 steld Bdol E¥E A, Tz A2 Tie U
o A9 #BY SAL AT 3, A9 BY 5S40 oY 993 2 990 9P 549 Fdzey A9
g] = R

YA el tal Eelolv =t s”ol HX =

o] Ho] AgE 4 ). agla, x=x 2 A9l EE
Aol ol&] mEAEtE = e EAL 5 g

TS, =X FEE o2 ez AzdE £ gl

T 21(a)& Fxshd, Eon=3(120a)0] ZHE $ HW AHE 7]3(110a) fo Za==HE 97d3(140b)
S 2% FZEITH oS 5o, FolzHE AAHZ(140b)S M Flojd EAS I £ a, FuzHE
NZ=(140p) 2 #HAY AF EAS 7t 23 39 BHS T3 v A4S (140b) o] AZE=R V)3
(110a)+= 1702 AFE"d. oo, oF 10000 & 183F 38 FA4o] g, Fa2vy Atz &

S

2
Hol & Hug

AAS Lo W F A9 de] wAHY Fel2HE A4F(1400) e LEAS Hrh, 2%
N EECIEE T PR

FHE FezHE AT (140b) floll A= Fez=HE 443 (140c) ]
45 (140p) 3 22 o =m P

% 21b)ole Alme Zelsud A4F1400)0] BAE 2A7F BAHC] vk, o] ZelxEE 45 (140b)
of $44 Folg BAL ZSE A9, ARe TrlaUY AF(1400L AAA Folg AL xTIAT)
29 @y BHol 53 o] Fe|~ug HHZ(140b, 140c)°] FAETH. A2 FesuY o
A% (1400)0] 2 WRHES oF 1002014 o 127 AAF #go] saAHI, Holdo] 2AHW Az el
HY A4F(M400)e n¥AS "k 2elm, JE Tz A4F(00) 2 ARe Fesdy 94F
(1400)91 = PBGS] $137F A SHes Fu: old Bae] mst 249 4 vk, 223, =X "ee] A
Aol AbEElE T2 (140, 14005 AeA EE dol ola] wRAsE 5 ol 849 4 gk

o
=
2
[
2
=2
s
o
ol

L 220 A8 AA eo] wA FEIZE A Eo] gl

¥ (400)

T 228 Fzxshd, sty AR gAE =X ZE400)7F ZAE k. &gk viel o], =X
9 #HY ey 9F 2 FH) #HP ZesnEE Ao 2558 Eesit. F9(200)00 H(56)0] &

[e)
Ta
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HEo, FY9200)M EFHEE W(56)S HWFHA e W(FHF W) e A¥gE 2d 5 Qo FH
A AAZE WS 7247 99 AF 5099 FHY AF 5042 TFAH] Ak FLD(200) M EHE W(56)E =X
dee] ¢4 HY Fdadgy A9F 2 Hd #HyF FHadHE 9GS TS, =X FE400)S] Y HF F
H2=HY AL PRGolA 2 HdE 2 RS TRAAIY. a2Eal, =2 FEE(400)9] 9 WF Fo2dHY
N2 PRGoA - HFd W &S RRARZITE. =X BE(400)9] 4 A3 FelsEHE AT Hd AF
Ze 2"y A9 PBGE Lt wEkAd, =X ZE(400)E FHe "(57) PBG e AEe] BT AAH
48& 7 4 o

=X ZE(400)5 T3k H(57)9] 932 237 (spectrophotometer)E o]&3le] HEH 4 Yyt

T 239 A9 AAl o9 =X HEIF ZAFH ).

T 23& Fzx3H, ZE ol (30a)o] MXE =2 FEI(400)7F =AIE O ok, =2 HE(
2 N W 9 HY FysvE NS TFsTE. FLA(200)00A4 H(56)0] E¥
Agkel] wel =% HE(400)2] PBG Y7} d@ypgoz o5 4= r),

olwl, =X TEI(400) W9 ¢ HYG Zygy A4 2 FHY AY Zy gy AHLS
Ao FwE A3 dar, 3 A 93 PRGe] ¢ o]

e

oift
rlo
oty
=L
O
o2
2
—n
i
o
o
)
>
X
o%

400)= 9 W =4

. ZEo]E(30a)7}

A2t AR ol #
G we WA Wgo

6, 5 260 e AAG0) W FU AL B G D A A T AR Ad GED
Aol meh 94 DAUAES b S gk g Sol, 9 WY BAsuY 44 @AY 0Y 2oz
APE stold B4 FE adHAEs} Y 24U 5 glon], ok Mid Yol YWRE o gl
S R A9 P sla, SE 118 ol38 94 SdUES 95T FE A0, 44 18 Ees
0 o4 2 A9 6y Fesdy G4e old BAo JAw den FUW 4 @ wRd Bue gy
AE7 F4E 5 Ak
A WE00)E ZEOIEN(302)9] AAFHT AF Azl BolW o] AR & vk, A A f2H, ool
o AgW FAH Fad A=

E](30a)+ -90%oA 90% 7}7bo] 3]

A% Adrk. FA(200) ZHO]E (30a)
T AU =X FE00)E e Bl

E3A1(300)2 E3] 7= 2= Q).
F200)0014 =8 ¥ 2Eo]E(30a)2] 3]l
E A= el mek A2 ohE dF(E

upe =] FE(400)9] g Ao x5
)

2 HE(400)= A9 2T AE] ofs uleo] x =, T gL
< WA gl meEbA, & 23] mAlE A FE(400)= 2EHOTE(30a)0] el whet et g o
oo Hle AAL 5 U

& 24 2 AAE < AA el mhE =4 FE e FY 3gS dehls =uolt,

= 245 Fxshd, vhdd AA] oo wmE = dE O gfo] mAEo] gtk = 240 Z=AlE upe} Fo], bt
o] =2 dH= 99 93 24 R 2 d13 oAl d4E ddd 2HHAE whet gk ule) sbs Al
A 4= . B So], T 240 T=AE =% FE o 33e oF 500mnme] FFEE oF 730nme] WA 7}A] AL
Aolal vhFdt vpe] dlo] AlAE & v As HoEr

AT7HA AR BF 22 ol &d =X AE O g A dE dWsila. dad viek o), =4 HE e
A el EHe =AlE AA] del] gEA edenh. felA AR e A9 d1d A o]&ste] 54
THEE, T35 ddS AAT F Avkd, g A3 13 AAE 2@t =1 7 7dE Ao
ofgfoll = AE HF 225 ol &3 WiE Fx e o] e A dE dEet

T 2590 A1 AA] o] W= g2 FEIL TAEY Q)

T 255 Fzshd, W= s dEE 9 2Z2E80), Y #WF A2x(100b)E 28 4 dd. FY(200)

s e, E99 We Fyg oAy **J%Jallﬂ el 4= vk, F€(200)9014 85 We W ~E5EH

(180)F #3434 gdvk. W 2ZFH(180)E Fagh WS 9 |3 Ax(100b) o] =deiet. #9 #1324

(100b)% Tad 9 FoA 54 9 g9 99 HgdE US v F QY. o E B0, §5A I3 U9
S 490nmel A 510nm Akold &= dtk. #HQ A|3F 22H(100b)elA] whAbE S A We W AZEE(180) A

Ak 4= Qi) Wl 2EEE(180) A WAt - HgE WE # #HPoz uiHy. F, B
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20004 FHE W FolA W ~EE(180) LAY BF A0 3 Hg Hgo] 490melA 510m
Aol 9 AFE LA 4ET 5 Ao F, = 250 EAE BEE g Bhge] 490mel A 510m Aol
o}

T 2504= 9 HF AAH(100b)E ARESER oY, - B AxH(100a)E ARESH] W= w2 HEVE A"
T . W= ﬁH* JE7 ¢4 693 Ax}(loOa) iif%é}% A5, FE200)004 EHE e W ~ZEH
(180) & F¥ste] - HYF A2H(100a)ol] =g}, Hy A& }(1003)% 54 3 di9e] 9 Add Y
S AR 9t dF B9, 54 9% tH%ﬂ% 490nm°ﬂ*1 510nm AFoldd 4= vk, -9 A Ax(100a)
A kabel 29l HagdE W W) AEEE(180) oA RARE = otk ¥l 2~EEE(180) 04 WHALE X4l g E
e o9 Hygow wpith, = HE3A(300)E FA(200)004 HHE W FoA W ~ZEE](180) £ 9 A
F 22H(100a)e] o3 Fg tiS o] 490nmoll Al 510nm Akele] -9 WFd Wwks A& F vk &, FHE T
o] 490nmel| A 510nm Afo]e] HNkS FA|7]= W= s~ HE o]},

g, W 2EEE gl 3 B=uETE A E FE vk S, S9(Es #FY) A3 AX(100a)o A vabE 2
W 2Z9Y £ 3 =3EE WAL e Fed oA 54 spdde 4s TR e dx dyrE 74
g 4 9.

T 2600 A2 AA] de] M= sfs HETE EAEo] 9t

T 265 Fxskd, M= s dEE FEIGE(1900E5 2T 5 Ark. FA00)dA E=
(190) 5 Esle] Y HG iz}(loob)oﬂ =23 g 9o, #d 13 A0 e =EE 9 F A
e WS vAAZ = ok, whAbE S Hg WS FuulE(190)9] #7]Z(branch)E Ed T4 2o 35

TR oA dyAbe —‘jrﬁd% A2 E8E 4 gl 27|29 Edds EEA AT 5 . B
FAE FedzdAN £899 54

&= 279= A3 AA] o] M= sjx FETE mAIEO] gt

%278 FEEW, W= dx FEE A9 A% 22H1000) RS9 HF 2A44100a)F £33 S+ gl
(200)0] 4 239 We W AR (180)2 E3ste] F$ |3} Ax(100b)o] =gdch, F9 AF 22H(100b)
4 o &
2l

(<3

o =ddE H F 54 vgo -9 #Hygw e FHY AHAF AX(100b)el ofF wEALETT
£ 483mmell A 516nm Alold %E}. WkALE 99l W gle W A~ZE(180)o ola] whA
o), 2 #Fo g vy We 99 H3F AxH(100a)] =3},

g, el A3 2AH100b) o] WG EH= o 2 -9 |G 244H(1002) 9] AFE = G At bE 5 9
o dE Bol, #HY AP 2x(100b)°] WG 32 483mmell A 516nm Abold 4= lar, -9 HF 4%4(100a) 9]
AG 4L 500nmel A 534nm Ate]ld 4= QTh.

5, 99 9F 24(100a)0] =EE 9o 3 o 483mel A 516nm Abolo] #H WFE el 1elar, §
o \g 224(100a)= 500nmell A 534nm Ape]e] el g 1S wRARAZIG. webs, -9l 9133 22H(100a)E &
oHgh 812 483nmol A} 500nm Apele] ¢l 33 wlojrh. -9l H|F 24H(1002)E S3He ¥l 3 A(300) 5 F°l
HEd 5

e H}

S} gol, 9 MY A0S AXS 9 HF 24H100a)] FHE vk 5 gk, WAk
Mz e A9 WY 221000) 2 S AY 241000 o] Fekel Fiss WE AL 24
A BE7E 7AE 5

I Al4 A4 el WE s et mase] gtk

¥ o

rr o
JR
% rfr
B

=
m ©

ki
[\
oo
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E 28 Fxetd, W= s FEE g 22 (180), H9 WP £x(100b) 2 9 AF 22H(100a)E EF
@ 5 oddh = 24 29 WF 220000) 2 ¢ WY £2002)7F WAksE B gele B 5
ALk, dE 5o, = 28004 =AlE wpel o], whAE = 9 o2 490nmel A 510nm Apo]efar ?

F(200)014 FHE] W 2S5 H(180)E F33 Bl

;g
o e
],

A3 AAH(100b) o] =Eett}h. 490nmel A4 510nm

Abole] -9l ¥ ¥l WbARE| AL, 490nmoll A 510nm Abole] 2l woF ule IF umA] dle Fadith. e
aL, -9 33 2AH(100a)el o 490nmell A 510nm Ake]e] 2hel g Ble wkAbEvh. Tejan, whabe 2ol A3

We Y B 2240000)E AT, webd, 29 B 22100b)014 W AZeE(180) % Fahs We 2
9 W AR D 99 AP QRS BE 2 4+ A =, F9 A0 22100004 ¥ ASAE (1802 F
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_‘_TLL. N = AR k=] ‘:q
A9 AY 241000) L $9 BF 271002)7F HEs AR NS w2 BEE A9 AY AR LS9 A
AR BEE =YW 54 39 999 W B2 & Ao

= g FEE ol E5A(20) 0 vixE FHY HF Ax(100b)S EIE
g9 722l T2 BAL A=t vio} sttt = 299 HY AF 2AH100b)E HA 0l
s

AEZ} @Eol Ak wehd, B WA 241000 E FL200)014 FE Wol Lol = Qo]
AL S e Sl F A, daA, oSACnA o6 Lol ERHE 41 A L)
gofo] gebgel wheh EdhEt g U9 webd 4 odvh. 2AUAEs} 948 49 B 23% gel4 1

AF desglons TAHe Ade A

RS

r“

T 309E A6 AAl oo W= sjA FE7F EA]Eo] QlT).

T30S Fxsid, wis s dEE 9 A2ZE(180), ©]EA(20a, 20b)9 42 A9 FHY AP A=(100b)
99 99 #HF /\1}(1003)2 EE = Qdrk. A& vkl o], HY AP A2xH(100b) Y AF 22100
a) X ZHYUJETL FAgEo] 7] wiite] o] mey= A wep ket 3 diole] WS WA
Atk 2ga, olsA(20)E el BYEHE AF axte] d9S 24T 5 Ut

FAO0NA FHS0] W 2T (180)F e We] A% YR Y WY 271000)9 93] WAL
WAbE R we] 9F 4R 54 shg vdelu, $9 WY 542 AT Jean, wabE S99 wy we

o
>

2ZE g o8 #Hd AFow viHY, vyl Y HWF dle] AR AHEL 99 HG 42xH(100a)od] 23] HRALE
ot wEbd, F9 \133 A2H100b) E Y HF 224(100a)9] 23l oJd EA T4 el Wwk Eiroe] B
FA(300) & HEE = ).

= 310 A7 AA o] W= g HEZF Ao QT

T 319 Az, e dx FEE 9 AZEE(180) 2 4 H3g A2AH(100b) 2 -9 HF AA(100a) & E
g 4 olvk. A wheh o], e #WF A(100b) R Y HF AA(100a)E HEE mMAESE B, &
HAB0)E 54 9 tide FAR Us HES = 9l

2490 BF 24H100b) 2 9 WY 24H100a)7 FA TAUAE FHE 5, Y WY 2AL000) 2
8 £ 2400 IEAGK, 100 9H L) SATe A% 23 5 9. =4 A4 AR L0
(1000) % 590 FF 27H1002)9] 2ol ola) chFg W= A2 Bl BAE F ck. FEd vk
Lol, W= s Wl W 2ZeE180) YAl %Euﬂrii a8 S5 o

% 329 A8 A ele] W= s BETE wAse] Qe

e mx FEjE 2709 FY #F Ax(100b-1, 100b-2) 2 2709 $-9 HF Ax}(100a-1,
St Atk FA(200)04] FHEo] Wl ~EH(180)F §Hg Wo] EgEE oo fX|g
£ AF 22(100a-1) L Al FD BAF 2Z100b-DE 42 B4 34 e F9 A3y W 2 29
HgE Us v vk webA, Al 9 HF AxF(100a-1) 2 AL FE A3 AAH(100b-1) el 4] HEAL
Hol Wl ~FYE(180) % &ste W2 FHd U & drt.

AdFo] 4AE A2 9 AF A22(100a-2) = A2 FHL
HEg & }(100b—2)b W= 7@(51} 13 ge)S 24 £ Ak dE 5o, A1 $9 #AF £2H(100a-1) 2
A1 #HY AF 2AH100b-1)9] 98 AFHE= g P 480mmel A 510nm Abololx, A2 - AF £
(100a-2) 2 A2 Y9 AF £2H100b-2)9] 98 AFHE= 34 IS 490mmol A 520nm Aold 4= o},

AL 9 AF 24H100a-1) 2 AL 2 BY 22H100b-1) ZFE] ¥AE 8L 480mmol A 510mm Abele] Y
Wolth, Zrela, whAbEl Fg o] Alz 99 WY £2(100a-2)o) ELHW, 490mel A 520mm Aole] el A
F digk gkAbEY, w3 g o] 480mmell Al 490nm] - F W 32d d o] 490nmell A 510nm] -9
H wol A2 oY WP A22H(100a-2)2 EF3 2= out. ez, A2 FY HF 22(100b-2)E 490nmel A
520nm Abole] §-1 | "lnk wapsic}, wheba, 3 g o] 480nmoll A 490nmel FEF W A2 AU WY &
ZH(100b-2) 8 Fopsta EFA(300)e14 #AED 5 Ut
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443 vheh o], M W2 WEE W AW (180) A FEARE LT 5 9
= 3300 Al9 A oo W= wx BETE BAHo] 9

T 335 Fxshd, di= gix FEE 2709 Y AF Ax(100a-1, 100a-2), 2719 Y HF £2(100b-1,
100b-2) 2 4709] 3]E(160a, 160b, 160c, 160d)E 233 4 Art. 4719 3]E(160a, 160d, 160c, 160d)+= 7}
ZF A1 2 A2 ) #HF AA(100a-1, 100a-2) 2D A1 2 A2 FHY HF AA(100b-1, 100b-2)° & FHE
g ATk Al 9 HF A2H(100a-1)¢F A1 FHD AF AAH(100b-1)7F JhAbel= Wo] i gioe 598
k., T3k, A2 9 WP 2x(100a-2)9 A2 FHY WP Ax(100b-2)7} HkALSFE dlo] w3 gldr =9
Atk 2z 3E(160a, 160b, 160c, 160d)E U3 2= HAAE = Qlu, v 252 44d F= gl
3E](160a, 160b, 160c, 160d)olA ¥ E €9 2% wal ¢ #3 ZBE(100a-1, 100a-2) L =9 A
ZE(100b-1, 100b-2)9] ¥F HAF¥ = 4 dige] 2ehd 5 2l

A 2210015 27 A9 Bg U} 5

N

A1 9 A3 22H100a-1) 2 A1 4

9 9 A
54 g3 9 deel FHg 0 W A5HH0R WA 5 otk Zelm, A2 $9 B £AH(100a-
2) % A2 Y BY 2AQ00b-2E FA g 4GS 24T £ Yok WS s G FAL Fae

%3 v} =dstrg FAF Q] AWe gk},
L 34el= A0 AA] ele] M= s FETE mAE0] St

T 34E Fxetd, W= dx dHE o]SAE EFdste 9 H3 22H(100a-1, 100a-2) B HA HF A
(100b-1, 100b-2)2 *3& 4 Jdvt. - AF 22H100a-1, 100a-2) L #FHY #F A=(100b-1, 100b-2)°l &=
92 2HYAEZL FAE F Ak dE B, A AHYUAEE &%, Ftojd B FE, ofx i ¥
T, A dAE ol Al7lel 9dt Alad A g, Ado)Ae] Av]e] wpE ¥A9] A 5& o8&t ¥

A~
CE !

o

[0
rlet

AL ¢4 WY 2210021 2 AL F9 AR 22H100b-D 9] THUAEE $UG HE2 4B 5 g o
23, A2 99 WY 22H100a-2) R A2 3 WP 24100b-2)9) THUAEE FAF &R F4L 5 9
o},

Al $9 AF A22H100a-1)E A1-1 ] EA(20a-1)o] ¥IX =3, A1 FY AF 22(100b-1)E A1-2 o] 54
(20a-2)9 M1X= < vl g, A2 9 BF A£2(100a-2)E A2-1 oA (20b-1)dl HiH =, A2 FHI
A 22H(100b-2)= A2-2 o] EA(20b-2)0] ¥i® 2= ok, a3, A1-1 o)A (20a-1)9F A1-2 ©]EA)
(20a-2)= SA3 A2 o]%d 4= gr}. oluf, Al-1 o)A (20a-1)9F A1-2 o] %A (20a-2)= = = &}r}e]
ol EAE AHEEte] Al -9 AF 2xH100a-1)9F Al FHY AF 2AH100b-1DE FAO] o]FBAL FE U
ok, A2-1 o] EA(20b-1)9F A2-2 o] FA(20b-2)% Fde A2 o]Es 4 9uh. olwl, A|2-1 o] F A (20b-
Do A2-2 o] FA(20b-2)E F F el ol FAE At A2 S WY £AH(100a-2)9 A2 HY B &
ZH100b-2) & FAlol o] FAA & 9l

[

AH4d vhek o], Al -9 WF 22H100a-1) R Al 29 BY 22H100b-DE 27
g9 A 54 B3 b diee] Ry we ) A8 R WAL
A 22H100a-2) 2 A2 2 BF 22400002 E} HF Qe 29T 5 9
AL 4 kel FUSEE TAX Age Y,

N
L

o
=

I
)

e

£

©

s, WE sz WEE oA U 2HEE HIW & Ux, W SUUH(180) WA FEtE T3S 5

3, e gk A oo s 7bA ilE six FEl= HE7(detector)E EFFsto] R mwuE}
(Monochrometer), 7P njg] = ~HAEZ ¥ Ev|E}(Spectrophotometer) FX =2 &&d F=& T},

H

350l AL AA] eo] M= sfx FE7E ZAHO] gl

= 358 Fxohd, W= g dEe= W AEE80), A -4 o E]
(400)5 ¥ 4 vk, FL(200)2 BE =¥, S99 W g dlojy Adudd dd = o &
A(200) 04 =98 W W 2ZYH80)E FHE F Aok W 2ZYH(180)E T 5& Bl =3 FE (40
0)ell =ggith. =4 ZE % ATk, =3 ZE
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A 4 Q). =2 FE(400) oA wEAbE WS Wl AEEE (180) A HEALE 4= Ut

EFA300) = FA(200) 4 EHE U FoA 3 tfgo] 490mmel A 510nm Apole] HwhsS HAEE 4 Q).
=, % 359 EAE FEE 3 19 o] 490nmol| Al 510nm Atole] HIRS FIA|7]E WE s dE ot}

stA, W 2 Al 3 =527 dixE S vk S, =X ZE(400) oA RRARE WS wl ~ZPE EE
I 22 JAL B FEFgoZH PRBG 999 WS FHAIZIE HE #x eV FEE 4 Qg

= 360 A2 AA de = g2~ eI BA S Y,

= 36 Fxetd, W= sija FEe 7o #dd 9 ARV 2T 7R o|Fofxl =X HE (400a,
= - =8d U2 W 2FgEH180) S3ste] Al =% FE(400a) =&
E(400a)°l =Ed 8l T 54 ] U2 Al =3 ZE (400a)°l ofs] wAbET. gt bt
A e ¢ 13 FdadHE 9y 2 A 1 sy qAS 6] diEel =4 ZH

oA WhAbE U2 A9l WP AR B e #F AR RFE K. dF &, 54 32 483mell 4] 516nm
[e]

Aol &= k. RbAbE U1 W) AEEE (180)°l ofa REAbS AL, A2 =] FE (400b)o =23},

SI
=

L

=

A, Al =X DE(400a)oA BAEE 34 g A2 =2 FE(400b) Y ¥AEE 9 g3 g2 5 )
o dE B9, Al =4 FE(400a)NA RAE = 3 gl 92 483mme A1516mm Aol = Q1AL A2 =] TH
(400b) ol A ¥HALE = w4 S 500nmoll A 534nm Aol 4= ATt

=, A2 =A HE400b)el =gE 2] 3 S 483nmel A 516nm ARe]o] "otk i, A2 =X I
(400b)+= 500nmoll A 534nm Abo]e] HlE WRAMAIZIGE, whebd, A2 =X FE(400b)E F33F Ul 483nmell A
500nm Arolo] Wlo|th, A2 =X FE(400b)E T L& EFA 30005 &3 HAEE + Jrvt. WxtHE %
o] &2 & Al =X ZBE(400a) F A2 =X FE(400b)E ol&3ste] FHate e S 24T + =

e s dErE FdE ¢ o

= 379 A3 AA oo wl= g e EAE Y 9.

T 378 AzIA, ¥ le ¥x YA Es) dAE =% FE(400a, 400b)7F FL(200)3 AH=Z wx =
= g 7 =AE0] k. olu) FY(200)08 F& 3 999 FAoAY(HZ &9, 450nm ~ 550nm
49) e H2 9 999 Fdd F At olu W i g YA A4S, 5 wF Jd dk §
A 7=

HE)7F AFEE 4= Ju. ol& B9, fluorescence dichroic ZE(50)(5A 3 ge dint
£ 59 450nm ~ 550nme] W¥F FIHE FY vl s ste] FdoA 94X Fe dA JV} 44
o] W& el 4= 9tk Al =% ZE(400a) 2 A2 =X PE(400b)= ZH2Z Al O]Eiﬂ(ZO ) 2 &2
e 4= vk, 2gla, 247k o] FA(20a, 20b)9] o]Fel wEl FL(200) M EHH ‘313 Al =X
A (400a) H A2 =% HE400b)S] thgFe FAo] ZAF =N Al =X HH(400a) H A2 =X &AH
(4000) &= A2 th& PBG ¥99 WS dAA = 9t dF £9], Al = "E(400a)= I S 420nmell
41 500mm AFelo] H(61)& WHAAIZIE $1X|oll J=F Al o] 5 A (20a) & 01% Al71aL, A2 =2 ¥ (400b)= I
7 el 510nm oA 590nm AFe]o] H(63)& YHAAZA & UEZ: A2 o|FA(200)F ol sAZA F UT}.

FY4200)004 =¥ "We  fluorescence dichroic ZE(50)(450nm ~550nme] HWwh FIHE T}
fluorescence dichroic ZHEE E33 450nm oA 550nm FGo] W& A1 =3 FE(400a)°] =
webA, Al =X HAH(400a) 5 93 L g oS 420mmell A 500nm Akele] Aol A|AE Holrh. Al
2] FE(400a)E &3 500nm oA 550nm Abele] Wl A2 w2 HE|(400b)e] wEEet. e, A2 =X
H(400b)= 3 o 510nm o4 590 nm Arele] W& A|AGT. webA, A2 =X & 1(400b)E T L
3¢ oS 500nmell A 510nm Apelo] AHi(63)& X3 & vk, o|EAE Eaﬁ}% Y= Al o] 5A(20a) %
A2 ) EA(200)Z ©]FAA 450mm oA 550nm Mol A M= Zo] 10mme) FEIPA WIE s WEZ B3

7]

ro i)

ha|

msL'x

T Ao

= 380 A4 A deo) W= g e 7 A Q).

= 388 #=xsH, A1 2H OB (30a)E ETEE Al =% HE(400a) % A2 ZEHOE(30b)E XEgst= A2
=X E(400b) 2 FEE W= sjx FEIE ZAIEY dok. 5 7l =X FE(400a, 400b)© 3L (200)2 o
42 ofxEch. oluf FUL F2 I G99 FYo|AUY(AE EW 450nm ~ 550nm F ) EE H 3G JA
o] FAd 4 Aok, ol Y& I 9o FUd ABS, 5 I d99 dUnt FIATIE YU AMEE
Att. dE 59, fluorescence dichroic BE(50)(EA 34 9] dwl EFRAY ) o E 59 450nm ~ 550nm
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of Yt F3H) S 39 vaol wiAste] FelM €A e A 3 g e Add 5 3l
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1 28 o5 (30a) 9 A2 2HoJE(30b)7F ZH2 3]skl whel Al 2 A2 =X HE (400a, 400b)°] PBG 9117}
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= = 1 -
g W= s e 548 4 Atk %, 98 8% 2471 299 £ ok

= ¢k &9 7]¥(110a, 110b), &k &< 7]¥H(110a, 110b) 242+ dwe =
120b), = oln=35(120a, 120b) Ateldl FHE Jlold EHE& E3ste Fol 2
YU z=HE AAS(140)S Adolnt Qo) & niEAstE. Fu2dHY AHL A e doll o) 1w
ZstE ¢ JdE BAY F drk. Zolu=2(120a, 120b)S 9o wat #¥ (rubbing) A"
a, 3 o] 7]$(110a, 110b) EPHE F9FAF(Anti Reflection: AR) % (125a, 125b)o] ZHE
dE| o] o)Wl FHHAFZ(125a, 125b)o] IEE 4 vk, "] Eg o =3(120b)o] IHHE % 7|3
(100b) o] A=Y,
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T 40(h)E #Hx3stH e g o] IEZ(lzobM IHE 3F 7] (110b) o] AAE EHe] EAIEo| 9, d
Blo] @25 7]k (110b)o] AIAE 5, 230X (130-1)F ©]&3te] o] Alatett,
T 40(c)dlE AR Ao 3ty A7t BAHO u). EZgloln|=2(120b)o] ZYH 7|F(110h) T A2 ~
H oA (130-1) & o]&3le] Alo] AzZtEul, 2lar, AZHE Al dlulel AAs} Jlojd EZo] FAHELE, Flol
A F9 &, FeElaHY AAHFTS Ao} o o] nEASEHU. FElaHE AL xojH i Ao

= &
g A | 4 Qe 2AY 5 Ao

T 40(d)ollE= ARE Ao vntg AT ghold B FYPH o] 2 Fel2EE HHGIF(140a)S XT38,
717y R4 9 w3 EAS e 2% 729 HEIF BAEY Ak, s upel o], & 40(a)e] Fu 2~
g AAZ(140)0] HAA steld BEdo] x3H A9, M2 ZY2dHY AAZT(140a)ol= 44 Ftold &
ol TET. A, & 40(a)9) ZE2EY AGEF(140)0] 94 Ftold Bho] xF}E A9, AR Tz
Bl AAHZ(140a)d = HAA4 ghold Edo] xgHTh A Jlold Edo] x3H A, ZUxHY AqHS
S - AF 548 7HA A4 gteld Bdo] x3H A, TY2HY TS Y AF 5SS A
o #J9 #F 549 ZY2dHY AAHT 2 9 A3 549 FHaHE AHIT AR s v 5

agla, 7)1 22y AA4F(140) 2 A2 Fd2EE AA43F(140a)00= PBGE 1A7F dAsEE Yy
= Zlolg #4449 w57 2ddE ¢ k. HEe| Eo|n=F(120b)¢] TR E &% 7]¥H(100b) o] A A =T

T 40(e)E F ¥ o] TA|E] Q. A

Azstm e Zgolm=3(120b)0] ZYE 3% 7] (110b)o] AA
o] g 7] (110b) o] AAR =, 27 o] (130-2)F o] &3t F71 o] Al=ter}.
2

A7F Z=AIE o] Qlth, Zglo]u=F(120b)0] ZEE Z]F(110b) 3 A2 25

T 40Dl e F7F Ao x3hd
A A, o, Ay Ao dule Azt Flo| Edo] FUHATH F

O] A (130-2) & o] 838} Aol A

2 AgFe As|Helnt Aol o8] wEAEH

B 40(@el AR Ad] ek g3} slog Bdo] Feue] Mg TaxHY AAF(1400)S EFeht
ez EAsel gtk A4 uhsh BAsl Adel BeelnEz(120n)e] ZYH % 7]F(100b)e]
AARIL, 27014 (130-3) Afe]] Aol Mlwhe 4T Folg TAo] FAT. Telaud AAZ (1400 A

ofdelnt dell ojsf aAste ).

T 40(helle x4z A3 ¢4 133 EAS Ve 45 729 I 2AEHY . &, 45 xR
dHE olgl Ry 9 AF EAS 7IXE ZH2dHY A4F(140), FY HF EAS /A E FuaHY 9F
F(1402), 9 #AF EAS /IAe ZUxEE A9435(140b), Y #AF EAS X U2y 94F5
(1400)¢] =M= HWixE £ Aduh. £, w2 FY A EAS e ZY2dE %W’::(MO) < Ay
EAQS /IAEe FeladUy A4 (140a), A #9F 5L VA E ZdUaEHE AAF(140b), $9 #AY EAS
7tA = FEAHE A-FZ(140c)9]) £A42 X" % T},

weh, e te gaos A%E F ol

T 41(a)E F=xsid, EHe o AAl A7 =AEY k. dE= ¢ 4o 7]#(110a, 110b), 3 2o 7%

7

(110a, 110b) Z+zte] dwWe] m¥Y s Zgjolm|=2(120a, 120b), Zg|o|n|=2(120a, 120b) Atolo] FH Flo]
g =(14

4 5215 ¥3 2 40)& X3S}, Flo|d EdL HAA FholE E24Y F L, 44
Fhold BdY vk, Fe2aY A4F(140) 2504 (130) Atele] Ftold =dE EFES FYsta,
o) el doll o) uEAFAIA FAdE ¢ k. EFon=F(120a, 120b)> Ao wel 2" (rubbing)
gd = o}, Fgo|n=3(120a, 120b)°] = % zyzto] 7]3(110a, 110b)o] AA LT}

T 41(b)E F=zsd, Z4Ze 7](110a, 110b)o] AAR HE7 Z=A = dut. Zhzke] 7]s#(110a, 110b)e] A
AR nEAbsE ZaHY HAHS(140)0] dojA 4= o).

T 41(0)E FxstH aiztsty FulzEe HGFo] oy e A 27Fo R ol B niEAsE F
g2EE qAHFTo] =AH gk, ¥, E 41(a) B = 41(b) pgo Al Aol Hgo FusHEY AHF
(140-1, 140-2, 140-3)¢] -9 HF 5SS 7HAE Felzee AHTolgtd, sde B o= (9 HF 54
S A E FYoHE dHTE dojd . e, = 41(a) 9 % 41(b) HAelA Dozl EHao Fu 2|
g A F(140-1, 140-2, 140-3)°] HY AY 5A4E 7HAv Fd2HE AAHZTogd, Tde Yoz 99
AG EAS 7HAE ZdU2HY qHTE dojd 5 Ak A HE 9, ® 41(a) E = 41(b) ol A
Aol Bmol ZyaH|E NAZ(140-1, 140-2, 140-3)S ¢ #F EAS A e dAAFZolgn 7pA S
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%, = 41(0)ddle= -9 HF 5EAS 7S 559 FE Y QAT (140-1, 140-2, 140-3) 2 H9 HF 54
S A E B FyaHE NAZ(140a-1, 140a-2, 140a-3)°] EAIEHO] 9t & 41(c)dlE A= tE EA
S 7K ZHlzHE A Tol 247 3N A oy, FHAHY AAHFTE 2N, 4l 5 vE ANFE A
e Fx it mE, ZysdE AAZ(140-1, 140-2, 140-3, 140a-1, 140a-2, 140a-3) o1xqa¥ Ftol& &
T2 AFEHAY F1 2YHJEE =S AFE s . ZHE AR U8 545 7HAE Zd2HE
NGZS Hzol AFato] Azd = Art

E Al AR bE SAS 7He ZUaHE GA4Ss Wl ATste] Aztd IV E=AE
= (11

=, Y&, & 9 7]¥(110a, 110b), g #e] 7]¥(110a, 110b) ZHzte] dwe] = Z ol =% (120a,
120b), Eo|n=F(120a, 120b) Atelell &apH oz Wzol AFd 9 AY 54 /e Felzee 94
5(140-1, 140-2) 2 Y AF 5A4S NH = Fd2HE NG5 (140a-1, 140a-2) D Fel=ee A4S S0
| X8l 2014 (130, 130-1, 130-2, 130-3)E X33+ ? Atk "o wpeh, 7]#(110a, 110b)2] bl
= WA (125a, 1250b)o] EHE 4 Qloh. @, FEHE FY3d 548 /HAE B4 FdodHE AT S
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(100a)9F == 7Hel ¢ g 2AH(100b) & 29T = 4ol 747 2709 - B el Wd 2xH(100a,
100b)7F =A1E o] Loy, BE= vhdRt gl o 3% kel A3 x4 (100a, 100b)E 2SS

o] §-¢ 3 =<l A3 22H100a, 100b)e] AL wEE wel= FRkAbge] mYdE 4 vk, JEa

o {3 22(100a, 100b)ell 2ot F2HE AT dAR L] FholR 2dS LAY v
AEZE 714 4 9},

ZH 9 -9 wF 22H100a) R Y HF 22H(100b)= 7] AEH
G- A\F 22H100a) 9k Y HF 2AH100b) Aleldll= 7|50l =
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A WA= A9, 9 HF 2x(100a), FH9 % Z2AH(100b), -9 HF &£A(100a), FHH HF A£A(100
b FAR 93y AY 2A7F wiAE 5 o B, 39 A\ 22H(100b)7F WA A== A9, HY HY
2AH(100b), $ H3F 2x(100a), Y HF ix}(loOb), 9 HY 22(1002) 2 WX = o).

T 455 FxsW, 54 48 AP AAE xFEE & TR dEVF EAEY Q.

de = 554 19 99 #F £2H100a) 2 Y #WF 2A(100b)E E3CH, S HF 24(100a)= Lol
E@on=Fo] IRHE 7|, EZEolv|=F Alold fA|sta HHAA Fhold EAS EFete FH2HY AFF
S X3 4 9, F9 H3F 2A(100b) = Wl FElom=Zo] ZYE V|, EEjolu| =3 Atold] $A]38t
3 A dhelE EXE xddele T ~HE AHTES T £ o 9 HY 22H(100a) 2 Y HF
22H(100b) = Wzl wix L, -9 HF AA(100a) B < HF AZ}(10013) Afololl= e~ wiH =4
(145)& 233 4 Q). ddx v E45(145)2 719, )3 A9 Fdd 2488 /e 2224
Yol ¢ A Ax(100a)E Fste] vhgell wixe 2 Hd &22(100b) = JArE o, e, el 9 A
3 A2AH(100b)E Fste] vhgell wixE -9 HF 2AH(100a) 2 ARE wf, Wo] WAMEA] FEE gh= AE
S YT 4 otk CdE Bof, dda wF EH(145)2 GAF Foll dis &4 gl E(paste) Ee g
i o 5& g 4 9}

g, 9 Y A2 100a) 2 FHY AG AAH1000)9] A9 wiH EH5(145)7 F-2E weo] ohd W=
TRkl Z9E 4 k. 5, HHO AY vEE S¥(a, bole TS Z"E vt

AFAA, 1%Y dold UL 98 Aol @ FxRE AP, oldelE, wA AH P wE s
Ao FAH AN E AP,
R 46 WA K 43S ¥ A 9 AN ool me B Zesdd A9 Egehs A BHE dgshe =

Holt},

£ 462 FESE, 9 A4 e e =X Bes w4 k. wA BEE BE R $9 AF L4
(1002) @ 29 AY £AQ000)E EIFT F Ak B4 Ao $9 BF £4100a) 2 L B RA100D)
2 TS wA WEE E 40 U % 4solA] AR s TR ALE A 35 sl 99 A &

ZH(100a) 2 HYE #HF AA(100b) = At sx Ftold BEAS XdgstAY Fx aYJAEE 7HE
AT},

by

A2000 4 WMol FHALh, FA200)e 1EY dolAF T 5 Ak, FAN0NA FHE we 2R
FouoEE s WY 5 ootk FAY U g we 247 9 WY s0ssh HY WY 506 A
[e]

ATt

o]

el 4 WY A0 5 AL AU AL Y e
B, A9 B AA000E 59 AP SU Y 9e W0 AU B e TAAUG. S, PBG U9
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