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Abstract

A moir¢ lattice is a composite structure formed by the overlap of two identical or similar
periodic structures. The research of the physical properties of moiré lattice originated mainly
from the van der Waals structures. Two layers two-dimensional materials, influenced by
interlayer coupling, exhibit peculiar physical properties, including fractional Chen insulators,
moiré excitons, topological physics, and band engineering at high pressures. So far, the twisted
double-layer graphene is the most representative with so-called magic angle and the band
appears as a flat band near the Fermi level, and there is a nontrivial topological phase. Moreover,
the Mott insulating phase and superconducting phase are exhibited by double-layer graphene.
The abundant phenomena revealed in moire electronics have motivated intensive studies on
their photonic counterpart.

In recent years, inspired by the twisted double-layer graphene, photonic moir¢ lattices have
been extensively studied from one-dimensional to two-dimensional, and from single-layer to
bilayer, both theoretically and experimentally. However, up to now, in most reported works, the
bands of moir¢ lattices are only controlled by a single twist angle. The degree of freedom to
tune bands of a single twist angle is very limited. In many moiré structures, it is difficult to find
interesting physical properties through adjusting a single twist angle, and the study of the
modulation group velocity of optical moiré lattices is still limited to theoretical aspects, the
study of optical pulse delay is not enough, the nonlinear phenomena are still lacking direct
observation, and the work on the interface states of moiré lattices is rarely reported, and the
moir¢ lattice is formed by the superposition of two periodic structures, while the moiré lattice
formed by the superposition of three or more periodic structures is rarely reported. In this work,
we propose two moir¢ lattices design method. The one is moiré superlattice with two synthetic
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twist angles in which a kind of transition photonic bands is obtained. The other one is multi-
component moir¢ lattice and a new kind of multi-wavelength interface states between the moiré
lattice and metasurfaces are reported. The main content include:

1. In the photonic moiré superlattice, a two-dimensional parameter space, the moiré sphere,
is constructed by introducing two synthetic twist angles (o, y) and any point on the moiré sphere
can describe the structure of our designed photonic moiré superlattice. By tuning the synthetic
twist angles (a, v), we have successfully achieved the modulation of the transition photonic
bands (TPBs) bandwidth of the photonic moiré¢ superlattice, and further achieved the optical
pulse delay of 0.12 ps, the nonlinear optical frequency doubling efficiency of 20 times, and the
optical pulse compression to 0.82 times of the original pulse width using a photonic moiré
superlattice of only 11um thickness, experimentally.

2. The method of modulating the moiré interface state to achieve multi-wavelength
quantum emission enhancement in one-dimensional photonic moiré superlattices has been
studied. It is proposed that the moiré superlattices formed by combining arbitrary multiple
different periods of photonic crystals can be used to obtain arbitrary multi-wavelength resonant
interface states by combining with metals, and it is used to realize quantum radiation
enhancement. The method of modulating the moiré interface state to achieve multi-wavelength
quantum emission enhancement in one-dimensional photonic moiré superlattice is investigated.
It is proposed that the moiré superlattice formed by combining arbitrary multiple periodic
photonic crystals can be used to achieve quantum emission enhancement by obtaining moiré
interface states with arbitrary multi-wavelength resonance when combined with metals. In this
paper, we investigate the design method of the interface states by taking a structure with three
moir¢ interface states as an example, and independently modulate the moir¢ interface states by
the parameter p;. In the experiment, we designed and processed the structure with two moiré
interface states, one corresponding to the laser pumping wavelength and one corresponding to
the quantum radiation wavelength, to improve the quantum emission efficiency up to 20 times
of the original quantum emission efficiency.

3. The combination of a metasurface and the moiré superlattice realizes the polarization
modulation of multi-wavelength interface states and further realizes the polarization and
intensity modulation of multi-wavelength quantum emission. By combining a metasurface with
a moir¢ superlattice, a multi-wavelength interface state with polarization selectivity is realized,
and furthermore, the polarization and intensity of multi-wavelength quantum emission can be

modulated. In this paper, we take a structure with two moiré interface states as an example and
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realize the modulation of the moiré interface states generated by the X-direction polarization of
the electric field and the Y-direction polarization of the light incident on the metasurface-moiré
superlattice structure by changing the slit width d,, of the metasurface structure. And further,
the modulation of different polarization quantum emission was achieved experimentally.

At present, research on the physical properties of moiré superlattices is still emerging in
various branches of physics, and our proposed synthetic dimensional twist angles and synthetic
parametric space, the moiré sphere offer the possibility to study the physical properties of moiré
superlattices in higher dimensions, which will greatly enrich the family of moiré superlattices.
In the field of optics, we propose a design method for moiré superlattices that can combine
several different periodic photonic crystals, which is similar to twisted multilayer graphene
superlattices and greatly enriches photonic moiré superlattices. And, most studies on moiré
lattices are still mainly inside the structure. However, we realize moiré interface states by moiré
superlattices and use artificial parameters to modulate moiré interface states. With the
metasurface, the modulation of the moiré interface state has great flexibility, and we have used
these properties to enhance the quantum emission efficiency and modulate the quantum
emission polarization. We believe that our work will inspire research on high-dimensional
moiré superlattices and moiré superlattices to enhance light-matter interactions, and that more

moir¢é superlattices will be applied in the future.

Key Words: Photonic moiré superlattice; Photonic crystal; Synthetic dimension;

Interface state; Metasurface
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Fy3A% X [16].

B G AR A . it @ & Inmen A e, Eedr s ik
QU 1 B WS O FR P B B A HH O 1 SAR[15,16]. 8 X BT A FERTAN AT 22
FERIHRE LT SR, Wang SE[16]W 53] — 4k /R IR BB /A O AEAE, i 1.16(a)f
Ny SRR RS TR 1.16(00)FTR, A XEEREAmE 1.16(c)fiR. 1E4
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VAR A% R LR B I R e 2 T i S, AR T DRSS T8 2R dn s o 1A%
T e RER AR, TE R RENLY I P AR AR R A AL EE AR . B4, Fu
SESIAIRIE 1R EEFL O T ARSI T ICT RIS, IX B S5 M58 2 A ST T LT IR
BHTEAL AR R ek g, e P Y s S 80T AT I R

HERUR 6T % B 1 AR RIS RSN, 38 nT LA R R E15,106] . 72—
DIRE PO T A )5 P0G L URSCHGEATRE, L8 A S0 - 78 5 A 5 o2 4
t4[15,107], FIHHEE FEEAR -6 T S AR R . HA A8 I 2 e 2 )=
E M2 EN, W2 R AR AT, KR R SR8 s 4 i, LA
ANTT 1) b B A I B =40 T SR Gk A

1.3.2 HABE R = 46 T 2R B A%
G A R RIRT A M

I IR R A SRR A HLEE 6 T R — MBI U7 ), B AT SR AT LA
B BINR QBT A RIS/, Blan, B RS R e
A, i 117 o), U EA SR B BURXCHGEAT R, anE 1.17(c) M (d)Fr
Ne UMM E15,106-111FEA N Bk B — N & 5 AR AN E0 SR, A
DA UMM 28 . TR RO A 1, U BB AR S R 3T B R [112,113], “ R
WAl 77 [104AVFIRBOE TR EE[106]. LI, BT EIGTA%E, BUllE M kAT L
fEFEEIE LR R HE R S B E A, R, XASSEERE TR, FAEK
FH) v 20 B P AR AE AR 308 2 PR AE A R R, Galfsky 258 A[1111E It #4206 71 S i oo
MR TX—BEAF, TR i B A R AR K B Ol A B R R T R A R
SR R A PSR A o DRI, A SR T AW SR B R 1 K IR 3. th4h, Shen
ENNAESG ARIE T I AT T 90K 21 4 1) sty 60 00 it B A ek s B 5 38 B 1 b
JEF RIS, W 117 )R . ERERISE, BURDSHE k) 1 AR AR
G YUK Y 1) TS BIUCEL, AT BT b R R AR 25 9K £ 4 o 1 5 3
IR IR R . BT XA B, Ol RS AR X R AR T BB L O
Gt — BT AR RS IR sy o DO, 1K BAT QR A XUt AR S
F MG ZEAR I AR5 T S I R BB E R T E . el SR & 3 17 (1
HIERZ o-MoOs AR TE A JeAh, RIS F A o sics & F oo iih
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H AL 69 3 AR A A9 T AL SR [111]. (D)7 T AR Rl FE4] &89
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B RARF A B H R AT AR ah AR IR A Ity AR A AHAR T AR T 38 5%
T B K5 At A A8 A [114].

HE L EREHREL RIR:

KRBT EHI) 53— MEAE W T 7 0 T AL I 2 2 B 2 R R A5 .
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E, Bk, 2 = aifsedt 7 3E 20 8 b EORETHHE DL 1450 T K e-P iU B
TER . XESH I 2 R4 T3t AR BT IE,  T0R 286 745 PEAE L XU R 45
Fy o AN RTRER, HWE SR A X N (o, B =R A SR AR AR AR,
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[40,44,45,60,106,107]. XL 2 R o VFIE & 2 0 FIEBLR (B, 3 30
e D MEA B IR R RN — Bl A AN 2 By ) i D 1
GRS A YRR R ST YR B BRSOt o, O
[114-122]F1 FPEE B FHOC[123-128)FH TIX AR F s F R A EER L. k2
JE S5 AER LL U R 35 T E R & & — MRA R RAF & .
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H' (y,z, + MA ) =H" (y,z,+ MA,1)
IES)

gE‘(y,z +MA t)— 0 E”l(y,z +MA,t) (2.5)
, By ¢z

k(AL 5 — B Ay = i (4H g
PUAEFRATT AT LA 25 20(2.4) FI1(2.5) 5 A BE P H 3K

o/ o/ A _ A e /e At 06
kziejk;zi _kzie—jkizi lel/[ kziJrlejk;Hzi _k;He—jk;Hzi B;Irl )
s U N ASFE AR A BLE NI AR AR PR SR

ﬁi?ﬁﬂ‘]&%ﬁﬁi%ﬁm&z):[:ﬂ; ¢« ) Wy, (A‘j
e

—ke B,
s - — AN B R A TR A 7 R4
Mk, z) W, =M k2, z)W,

M k2, z) W, =Mk, z,)W,,

| | | | (2.7)
M (kL z)Wy, = MK, z)W,,!
MY,z )WY = MK, OW),.,
LSRR
Wl =Tw) (2.8)

s HA T =M KL OM K, 2 )M (K2, 2 )M (KL, z). M7 K z)M (K z).. R 2 X2 FERE,
A o 45 2 RT DA SR 7 B R R R S RS S, B R AL BRI R AN RO
WRSCRI A2, AT DUAS B HS FE R 2 det(T) =1

HI T FRATT )G 7 SRR dt s A2 FE IR IR, 25 AT I o B PT 15

e’ [A;”) = T(A’]:WJ ,
By, B,
HoA k B—ATIGHFRB R, XN TREAIEFMN 70 L EZ AT RETE. B

kA
I, —e T,

1

== O ’
JkA
TZI Tzz —e
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H AR A5

+d
Luﬁ

' 1
e = (T + Ty 4\[(T}) + T,p)" ~4(det 7)) (2.9)

R b5 o ZIRISRARBREE T 3R A IR 4t . 2 )5, FATMEH] matlab 1R
#8329 RARAT 6T /K SR I RE A, t1 T 3RATAE 7 5K i S BN R
2%, AT 2 QA M AR IE AT WA R EAE,  FE RGN B & ) SL 80 mT
PATET A2 2(2.9) SR AR B A

231 NITEREEA o 36T FRE S BEH K
AL 0=237.6°=8xarctan(4/7), BN A =TA =4A, UL N G SR8 f A% a6 73

WA AL, A 0 <y < 1800&@@%@4*{1:@1;5(0, ZA” j MR b .

2.5 BIFFEAE v = 0 IS IRIRETTAGHE, i PR A 1D A 1) e ] B0 (R 1 it A o

(@ (b | (©)

700 050 36 72 _108 144 18000 05
k (21/A) Y (°) k (21/A)

B 2.5 (a) £ 0=237.6°, y=0°8 K FE RABAEAGRE 254, L2 5 I
AN R T bRy ae i M), e RBEATH—F24, A La6%
CREARITE R, (b) & a=237.6°H, HFERABMHI ML
Moy TG AE, ZERFTRAETEHMIAKMGES, () £
0=237.6°, y=180°49 L3 E RAB M AR 254, LEF A A 4L
TR, LERBEATE KB, ATH7NRERT R
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BRI i—’ﬂ‘ﬁiﬂ*ﬂ@iﬂlﬁ'\j(o,i{

j, EEA=AA, . BTREE % (O T

ReT T T 4 k. AR, 7EE 2.5(c)H, 24y = 180°HT, A& BB A
(A=TA)MR I fks, IEHEE %R (BRI & 7T 7R MyHBUEz
By =0 8F y = 180, S5 — AW A, A BN XA S AT T D61 5K
AR . B 2.5(b)B/R T 0<y<180°, JLTRETASMIIAR L. AlIE, TR Y
A HBEE y B 0 85K F 180° =2k REy HH My e A8 1) AR, =S Re i £ ]
RS ERR . X Z45REH () WAER 2.5(a)(y = O)Ff, FESF—4k (4afe) Lk
J7, AR TAER] 2.5(c) (Y= 1807, TEZE—FH (bRt . B, JATK

XM RE T NI e o

(a) (b)
25

<
<15
3

1.0

0.5

0.0

0 36 72 108 144 1800 36 72 108 144 180
Y (°) Y (°)

B 2.6 (a) /£ a=284°0F, KFFERABMEIRETEMIE y THGME,
FERTRAET HBMEKIRNAH4, (b) £ 0=324.8°8, AFFER
A AE R RE T A y BALAIAIE, FERE T AL T BB MBI
45,

e A, fE T xF L, FATIE I T 0=284°=8xarctan(5/7) (m=5, n=7) A
0=324.8°=8xarctan(6/7) (m=6, n=7)% /KM % B FRer &, W 2.6. 45K ER,
0=284°=8xarctan(5/7) 1) L /R F g A P 2L RE Y, a=324.8°=8xarctan(6/7) 1) 5L /R i i
WA — I IERETY . B, My BIIIRE A KT, FTLMBZ S EE, BT P REY
@ e M H M n-m|IEJE . EARERZ, ST n-m>1 FE6, TS
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RE AR H BT, WURSCIGFE M KEABK, SGIBRAE S IREGAE . HE, XT
In-m|=1 B, FRATAT LSRG B —FF A2 Ry, RIS RS/ RIFE o, 1 )E R
A S A E BN R TG . DRI, AL B — (R R SN SERR A, BT OR
AT FT 3 OE T n-m)=1 BFI1FH I
232 NTERFA v 36T R/RE R R8T 1A
BT By, RATARIS RIS v KA. N T EHUNTERMAE ¢
_ band(y=180°)

X i I RE AT 98 A RE A, AT P RE T e UK R g = band () , XH

ERA y ALK =R o o SEORGHS S 10 3 I e P 2 )T T J s AL I A
2.7 (b) g5 T =4ERET ETE (0, VIR, A UG BIE y ARG RE A, i RE i 1K) 98
JEAE Rl A2 7 i 3

R T 108 144 180

Y (®)

B 2.7 (a) #& a=324.8°0F, KFERABDBALGRBEME y TG =4
AE, FERFTRLETHSHMIIKRGEAS. (b) RRQ@QELEIERN
R E, £ a=324.8°0, AFRXRELEHNRETLEME ¢y Tl =
ANE, FERTRET B SIME KNG 445,

N IR, B 2.8(a) 2] 1L REH LISAE R A g B v IUAAL.
2 y=86.4°IF, JE4E R g BB ANME, BT T8 LA B e/ ME . AL 3 s
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b 7 VERE I IE y=0, 86.4°, 180°Hf, —Zktafikpedy, H, y=86.4°Mid i fer H &
Fon. BIEH, Y y=86.4°KF, TIEREWHE L AR 0 R SE, 7R A ) U R
7 9 1) H

LHAE y=0, 180°M W REAT AT F6 4% o DR, FRATTAT DU I 25028 y 3 31 8
o X BLIRATFR y=86.4° (I I RE T N
ERERENE, iR THREEA, I

(a)
1

T 1.06
1. 57
. S1.02
gl.3 \8
1.1 0.981
. ] 0.94 . . : . s
0 90 36 72 1008 144 180 0.00.1 0.2 03 0405
v (°) k

B 2.8 (a) £ 0=324.8°0, EH A K gliA y 9T, BER EAIRIT
ZE & y=0, BEHEAIRIT/ZEAZ y=864°, L&A SRIRTAZE A

1=180°, ()R B (a)tritiz ERMITE T om R T EELE AP
Pz B AR E,

REr W R AT AR AR o X X T ILR SR FARI 0. 36N RIRATTX By A2 A gk AT 2 18
EWa e £ 2.7(b)h A BB S FLAk AR, X AkREH S E I EREAT I . W] LU
XokRET CREE v RARN. Wi, FEEGT 5K s 41 1A B AL B
FARAEAE HARETY . FEE] 2.9(a) 2 50 TR HET 48 R AL g B v IARfL, {ERRELL %
MR g X BIOR, Realiar vl . IR H, FRATAT DUBBX Ry BAR v, Beatr A2 72 B
%o
j d*z &(z)|E(2)[
J' d*z &(2)|E(2)[
S EENEE. BT R BT 2 I 5 R 2 A A R S B BRI oK, 3R
ATTAT DA T B Bt 7o A 220 ) e 3 A S v DR R a0 Ml BRSO RIS A 7 8%

B, HATE XHIZNEFH T o , X FEXT LR A H AL
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(a) (b)

12 i 0.18 — Aoy,
: 1 —Ao,,
1.0 0.12] A0 TAGy,
g Ac
0.8 0.06

0.61 :
0 60 120 180 Y960 120 180
Y (©) Y ()

B 2.9 (a) £ B 2.7(b)"F A FE KA A5(324.8°, 86.4°) % B 5 At 69 &
URE gy R E . (D) EERETHELRT T 7 6F AN H
ARG HREXGEFTRHTZ £ Ao, =0,,-0,,. BEEXEXTH
AEfH LT REAMGFTARXGEGBEANEFTH T £
Ao, =0,,—0,, . BEETULAANEZ Ao, +Ao,, .

FATHETER 2.7(0) AL 2R 28 TL 2k Be i P BRI AR AL . ] 2.9(b), 2Lk EE 1ok
Re N 77 B 1L A B S T R 7 2 2 Aoy, = 0y, — 0y, IX B 0, REIX AT
BRI M E R T, oy, RXAHR B RIS ER R T
T 5 AR RET T 7 W B PN L e B SR P B 2 % Ao, = 0y, — 0y, X
O XA T I 1 IR T B, o, XA R L7 il i i 5
FIRFo R THTAARE R, Aoy, M Aoy, 1A 55 TL 4L REAT | AN HY B 58 15 114

WK, TSR T B WA . 24 Aoy, + Ao, BRI, ST A BEHS T 0 B

24PN ANLTEREA (o y) AHERBG T Z /R 8 Sk Be T B 4%

£ ESCHIT iR, BATRILUEE R4 g MEZ P N LA RAEE o 1y LR SE
Mo BRIk, N 7 iEMHb R 4 R g B o M1y BARAL, JF H T 4R e g M. 1A
WHFC T g £ o Ay LRI N & g 2 22 0] S /R Bk B AR i@ S . JF H, BAT 45
SEaff)E R EAE REON gny g fE o —EREHR T GEN am), HIEBE v RKIKG

47



Whixs B R R S o SRR P R HEggs

(295.2°,
8 6212,80,111,,__69)_
3 i .
0\ ===
Nole |
2
e 2,

B 210 BEMEEET g T, &2 Y mRFHotg, 4 EIL
B, EERE m BB gt Tl &,

LN ym)o IXHL, g RFNHIN T A BAE L 25 18] B A B (om, ym) T ARRZ A “ BEAA T 7
K 2.10 F, X n-m=1 FfFLL, AL T gnBEE o F1y FARILIEE, Hf, B
R RZR R IR gme 20402 2 m AT N A1) gy BEZRE 24 m HUBAUN (1 gmo W LR 21,
W5 o LT 360°, gm PREMIER, ML TIRRRAES . B0 UE B e
AEBGHECHEpES . 2R, o REELREEIL 360°, QIR a=360°, MM HFIE TR
I EIIAEEA = Ap, [RIN, SR AR 2 22 [m] fa] O 1 i 4 4, XIS 3 I A i T
Ko FFHIRATRE g 5 B BARIINLR 2.1 1,

& 2.1 B2 A3 (oim, ym) 5 3 B2 49 g

m g (um, Ym)

1 1.02 (212.8°,111.6°)
2 1.10 (269.6°,89.8°)
3 1.16 (295.2°,93.6°)
4 1.31 (309.6°,87.2°)
5 1.45 (318.4°,91.8°)
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6 1.69 (324.8°,86.4°)
7 1.95 (329.6°,91.0°)
8 2.35 (332.8°,87.2°)
9 2.82 (336.0°,90.8°)
10 3.49 (338.4°,87.4°)
11 4.30 (340.0°,90.6°)
12 5.44 (341.6°,87.6°)
13 6.84 (343.2°,90.4°)
14 8.83 (344.0°,87.8°)

PAE, FRATRGR T g fEG BAERE 8] (o, y)IARAGEESS o O T SN b 1 B o
y Z I RRIOC R, FAT TR 2,10 Hh =42 (Al (R th 2G50 2] — 4P . anl& 2.11 pors,
fEn-m=1 WIEOL T, BEE o (IR, = m o2& 8N, WAL PR, XN R R
gm [0y N ETTEEIET 900, JFH, 2 mZ2EE0, WL, R AR R gn
Ky N F77IT T 900, Wit ul, FEE o MR, WG RENR, SRR ERDE R
W gm MyRGHEILT 90°, v NRAAERERE o ML,

112 —o— odd
—e— even
o 104
< 96
88 |

200 240 280 320 360
0
a(°)
B 2.11 ZEMEEE T gnbtI(om, ym)ERAH, &Y mRF

O g 89 (am, ym) BB E, EEA m BB gn 89 (om, ym) EH
gé%‘o ,2@&?&4%%7‘%Y:9000
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PAERBHE S, ATEZESE TAEIEANSEI T, R IER . AR L
fErf, BATBBETE 7 BB AS AN, RSN EREH ke, Wi 2.12, X+
TE #30, TFEAR B RBEEMIAER b R, Aar@n T, X+ TM 8, i
AR BRI B RBCR b IR, e T 5.

(a) (b)
2.4

Q2.2
$2.0
1.8

1.6 - x J ulﬂ‘a . | , )
0005 1.0 1.5 20 25300005 10 1520 253.0
k, (2m/A) k, (2m/A)

B 2.12(a) TE # X F o4 A S E. (b) TM # X T a4 A
B, APseay Ry

2.5 SEIR I B AR HT R A SR R

2.5.1 FEdh N L&

TESLIO R, BADERE A A ZBUE MR a, ZEAUEIENAERL b, ST 2
AE 1.=2.17, np=1.46, AT LT =M 7 FH S S M BB ML 0 2 FES A
(212.8°,111.6°), £l B (295.2°,93.6°), £l C (324.8°, 86.4°), IX LA AR ICAERE] 2.1 .
FERESIN T4, FAVER T OTFC1300 %43 1 FH i T M 28 0%, (A1 I Shl 30 05 4l
B, TEIRFE 2205 IRPE T AT HI & . H BN TIRZMME W ER, JoT SRR
i A 28 DA A=332 nm; 6T EIKE A EEG B A 14 NEH A=737 nm; iR
IREBEAERES C A 8 MNEW, A=1379 nm; TEE 2.13 HIRATER T 06T SR M FE
fh CTEHL T R N IARTI I, WIS ak a0 U — 8, WG SR80 — At

TR, I IERETTREE o 30K, HAR SR R4, HHEEE 360°HDGE
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3um

ey |

H2I3AFERBIRELCALFIEMBETHRTE, HRMFK
RBAMN A, B A AL,

Bl IR TR A st 3 O T L PRI S R R TR AR A . =R SR AR BRI 2.14
R SER g, B TSR R gn th, b I I A T L (Y 3 A U 2 A RS b
ATEVE DG TSR RS Ay By C AR BE 7 X L Y328 S 08 98 5 0 302 479 nm,
117 nm A1 31 nm. DL ERIEER IR 1 I8 I ' 1 522K A 8 I N B R A 42 il i
P e T LS AR 0 O 1 B o AT SR B AR T s, [RLE,  FRATT AT DL R I i R

@

100
<
S 80 1
3]
= 60 -
£
= 40 -
g
£ 20
—~
= 0 . S0 [N S — S
700 800 900 1000 1100 700 800 900 1000 1100 700 800 900 1000 1100
Wavelength (nm) Wavelength (nm) Wavelength (nm)
—— experiment ---- theory

B 214 FERABMEF D A WESE, 2& XBE 8K RFMBRGE
H Ko (b)LFHERABMMAES B OESE, 20 & KA 2 IR Ak A B A9 44
R3%o (D)AFERABMME R CHFEH L, LERBRANETERTIMBAGEHRX
Bo BORAALWTHESE, BEgALRERNZELE,
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PEREAT AT T8, AT SEBLA A T8 R IER A, FOB I R AT DUl i )5 1, R I BE
RIS HIR SEIUFE o AR, FRATTSE R R Re i IS4 et BRI e IR, A L R 2w AN
ik b IS AE SE LR o

2.5.2 SR A O

B2 A S RO SEREA ROBEI S 2w b, (LR B0 S K
PH R A AEIR o S 6 T S8 e R A O AR A 0 B
AR 209 AT = 2 =2, 1), L, EXTRIA LA IR i TSR

g

AR IR . B2, FRATN T HEBRAS [FIRE 5 X ik R i, RATTRE AR
HENKITIEIR N A, = (n, - 1), IX B ng R REHTHT 2.

fESEE T, AR T A AR E, IR 26 TSI EEOL
kiR, REEWE 2.15@)FR. BT — N TIER E3 T i e A
BREEE, ] DU SR A O BOGEE R 7 AN T RE AR o

SR, AEFRATH AR, AR B RIE OO R AR I R, R A
SRIZHIBEAS . Akl 2.15(b) bk s B BB, FATEH 800 nm ) RAEOG, ki RREEm
)& 120 fs, HE AN 80 MHz, I HAEMRRS RS, FATRBOCHK 73 2P R -
FON BT FHBEOE, AR IRIEOE . RO BBO WikE, BOLEKAEN
400 nm, 2 J5 381 B dx(chopper), i I A% 1 B 2 A 40k A il FH T BUAH K #% (lock-in
amplifier)B Bk 5 5 0K, < )5, MEosad Baifite &, Bl & LEsh
PRSI s, RN, SRS TR 75 ZE R o IR S A . 2
JG, ZETEOCIN RO LA IR ERE A B B, RN SO R R S bl FL AR
MEEM 5 R, SRk S T ARk A AR b, TR EREOR
R TR E R, O SRR M G, ML S IRIEOE
[ OEREZ T ARG/, SERNDGE T A0kt B ErE b, B T EEOR T2
GO, RSSO R R BRI o
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5 AR SR R R SRR IR R T R LR ACES

Aw
1\
>
S
#

Long-pass |
Filter

(b)

HWP Beam splitter 1 BBO Crystal Chopper

/\\ E Pump (400nm) |' —l
NN
. — -

g Reﬂec:o;//> Delay Line

% ap uwr y, 4 J

A\ N A

\\ § \ \ < \\\\
TS
Reflcctor Sample Beam splitter 2 Beam splitter 3 Lens Si

B 2.15(a) 5% 3o -F 6 #3289 & 2 RAZ S A& KT 2R &) R B . (b)) Z
FRoPIER TR ETER. LERZCLAR, 800 nm KA S KB L5
#* % (Beam sphtter)fé%"’ﬁxﬁﬁﬁi —RAFREHE (BE) — KRN
A (re), KA AET BBO MWK KE A 400 nm, FFEREL
a9 AT AR R Fz45 4 (delay line) #ZA T, BRI A LT
HMEOHF R, 26, RELGRMNAESE B EZR L, R4
M K69 RAHE 54 e IR Z (photodetector) HLdE .

AEANERNDCOC B TBCEA R RIS, RGO g, D AR 2%
AR I S S5 5 s BE B A A Bt o R 2B e de o DRI, AT AT DAIE L kAR A7 B (R 3
RARAG K i (I (B 238 . TR iR 22, B2 & R/ MBS 2 S, =1um

B, 784 R kP B MBI 22 5, = 20 = 0.01 ps» IXHL ¢ RFUAHILI.
C
ER 2.16()F, BARTIDCH LB TR C i, WEI R & Bt
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FEAp, PEAERE RO SRS AR . LLERERIMDGEE O B AT IR, HE G
Mahitferp, FPEAEMRE A AR AR L. PIARERMIZE 0.12 ps, WG T SR 5
1% C BREFR AR EIR o GRS FE, FRATTRT DA B A A b R
REHIKPREIR , 4N 2.16(b)M(c) s, 6T /R R B P AR Ik REIE 2 0.05 ps,
T BRI GER A PERIBKTIEIR R 0.03 pso YO T BB A PO RIBET R
1.83, JaTH/RHEE B A BTSSR 2 2.37, T 5/RI SIS C P A BT AT R 2
4.26, 1XJE T e R 4E 3 B0 8GR .

@ (®) ©
1< J—sample C B —sample B ; —sample A

- 0.10 {— substrate ' 1—— substrate 1— substrate

=

50_08 1

20.06 1

£0.04 |

g N At=0.12 ps At=10.05 ps f At=0.03 ps

= 0.02 1 : ne =426 / ne=2.37 ne=1.83
0.00 — T —_—

1128.0 112_9_0 1130.0 1131.0 11345 1]3?.5 1136.5 1137.5 1133.0 I]3_4.(] 1135.0 1136.
Time (ps) Time (ps) Time (ps)

B 2.16(a) 3 & AARM K38 Lk B A FFE R MBI CH, Eahizss
GAs gAY, FAGAER RAREN TN, L&A EHXE
HIBA RS, CAEA &M idAE P, FAMEL RAREG T,
M &EEADE 0.12 ps, XFEAKF I RABME CIREEIKT LR IE
R (b) BARIRMAIE LR EAFERALMAEIF DB, €3zt é
B LA, FAGER RAEEN T, LR AIRN AL 2 E 5
AR, RS e dAE Y, FANER RA AN T, &
FA&ANE 0.05 ps, THRXFERALMME B KL LK £ MIRFIE
R, (0) BEAFMN AR LA E RFERBUMHES B, LB
BEAALE, FANER RA R AN T, AR A58 E AR
WBATRE, RIS E S IR, FANER RA AN T, &
FA&ANE 0.03 ps, EFAXFIERALMAE A RIS LRk IE
2

o

WK 217@)FR, AR THE o BER, ERAENT L7 A2 AR AEAL RN 18] 2E
BAr, . WJULES], BEE o MR, UERET AR 250 g 9K, AN SUbk g8 A
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%%ko@zm%%%i%%%ﬁﬁzn@$ﬁﬁ%ﬁé£ﬁ%ﬁﬁ,Esﬁ%ﬁﬁ
(45 AT & BRI o 8 I ik G 38 ()0 B 45 SR IR AT T AT DA BB T Z. anl&] 2.17(b)
PR, 208k, SRR, WX RNE ZAAEDE T SR f i i fe iy BB T R, 4

SRR R AR I K A 3R S0 R H OB S A . R BT S SRR
[ 18 ' RS T e 2 % i AL N S0 2345 5 b 355 07 THI A 35 TS 8 1) S FH 9 FLI e/ 2% i) o
FE#othe, HEomA AR RON AT A T BE 1L 2 a4 N K

(a) (b)
20 10
. ]
o 15 °
H“‘. Al
L 0 sample C &20 6 1
>, 10 ]
ke 47
L le B 1
5 {sample A Sample
Q l 1 p 2 T+— '
0 0

240 280 320 360 700 725 750 775 800 825 850
a(®) Wavelength (nm)
—(324.8°,864%) — (295.2°,93.6°)
—(212.8°, 111.6°)

B 2.17)kA& o 693§ K, DEAG L AR EER AT,
Bt SRR EER, LT RAERMNELER, b)LER
W AR RFERARRAEA S A SR LB E, Lk
AR I RPIER K I R ARAF RGBT A F . HAAB LT HFR L
$FRARMAAE S B LR A LA BT R, S SRR R AR R
BRABFE GBI E, AR EAR AT R RAR M &
C ST LB R, B 0@ TP ER LK IEFE) 6927
.

2.5.3 ZL/R 7 M B R AE RN
Eii kAt = S EU Y 98, s 2R AR L R RCR . &l 2.18(a) AT T
ZAANFDE 7 SR dn ks A AR I BE T B, 800 nm AR HUIES I A . Ho,

)

55



Whixg 5 SR G T P SR ER U R HE gk

(324.8°,86.4°) K] M T- B /R S A AL S C £E 800 nm AbH FEIZ /0 A 2 B o It , X il B A8
SRILARLRME RN . FESER A, FRATME 800 nm [ KFDEOL B AR R ThE R 4 ISR =
AT B R AR AS AR R, FRATMSE A AR T A A3 T B TR O S A AR
B9, WK 2.18(b), EAHRITIRMASBOCIRE T, JoTR/RE SRS C ARG
SO BE S B AT IR 20 5. SRTT, BEEN B EH T REARAT AL BUATBLR ST SR A% 1
AR T DU IS 5 559 T B A i . Seg 4 SR n] DR G e o o B fe s 3 1 DR AR
X R HIEGRON AT AR s e- P s HAR R, Ban, i Re T bR AR LA A SR
i % BB (S WO I A5 A1

(a) (b)

6
1005 —sample A
—_ sample B
= 80 —sample C
8 0 —substrate
2
R7
. : ‘ . =
S A 8
A U : h =
AREREHAARRRANILR RS

6 7 8 0 10 1l 385300 305 400 405 410 415
z (um) Wavelength (nm)

—sample C sample B

----sample A

B 2.18(a)4r & i &2 A 5 3 RAL A 5= A /£ 800 nm &L 49 .39 5 Fh 6
FEREEAKNFERBHERERBAEI O ARG H, BEE X2
XFERAB AR C A 800 nm &L 893950 % .

2.5.4 SR B A% HI K 48 20N
e IR 4iBlnm,  UREE B Cu oI, kb e 48 A9 AR B . SRATTAE B 18 b 1
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810 168.9 137.8 0.82
815 167.7 139.3 0.83
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Mo (¢) BAAXFERALMAE-2F/MA LKA 600 nm 449 5F-d@ &
WS, LERAXRFREREMAE-EBMAELKA 740 nm 4 49F
SR 5
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340t SHRICAL (740 nm) P LI oA, BEARFR R RUR S AL, I aR A T
BT AR . B 3.6(c) 2 3.3(c))t 7 5K A - R A RUAE B N B 3.4(0) ALt 2
FHRICAL(600 nm A1 740 nm) I, BEAARE RUR AL, HFASHY B 0RE
FEFR SR BRI, B 3.3(c))le T SR A A% - < B A LA AT DL R I A P
N T

3.3 ZIREF/RFHSHEI CGEAHRUERE/RFES)

—, RIEA G, 3) FATET] P A X =467 RIE BCE B 2% D6 7 5K
ﬁm%oﬁM%ﬁuwI¢ﬁﬁ%m&d&g@ﬁ&%%4%¥m%ﬁﬁﬁ,%m%
=T AR (2), A, =240 nm, FEHAE ps=40 nm BIEL T, H, (2) XK
6T AR ARG 5 5 SR ARAE S AL A AE B K Ty 880 nm HY SR THIAS . #E—2, RIEANB3.3),

K37 AFERLRMK-EEMA., FELT 20 nm &5%E, HME
OESETH ()R AFERLRE, KEENHRLEERM
a%)fg‘é@"‘/l\/f?ﬂ@o

FATAL X = A7 AR BB (0 R0 A, &) 3.7 B € XA 78 1 26 80 e
TER/KE MR EE, EREENERER GEGXEO FmS7 AR AR
FROL. H (2) %o 2 () S5 2 o i ) 2 A = 2d[q,,4,, 9,1 = 2400 nm o XA B8R 1 4
MoK T AT T AR A X, LR e SRR . R T s e m i
FHSRAAAERMN 0, +0, =0, FAMRIEHOL e T 5K @M A&, K 3.8
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phase (m)

0
500 600 700 800 900 1000

Wavelength (nm)
B 3.8 FARAFERAE DA RAHAME, BEAREEERRA L
Ri. e 25 RAAFERNEL.

FENS LR 3.7 FOA IR 2R SR DG T SR RS I B AL, R 2 < AR SR AR
T R XE (B5) AURE 3.7 e s/Kilimts-e R id, &RmEers
IR RS ST ALAFAE R T S . AT AR R, B 3.8 FE =M B (B @) hanl&fH—
AR, MR RN B AN K R A o SR R H (2) % 82 0 25 5 R

(a) (b)

1000

Wavelength (nm)
s

700
600
500 B — .
0.0 050 50 100
k Reflectivity (%)

B 39a) H () MR b ERBHEGRFLEN. AR DL
8. (b) BARAFFERABME Y RAE, LEALE L EREE
KR RAL e - B AL BT .
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AR T SR H =G ab A BRSO AR AL

W 3.9@)FiR, B 3.7 o H (2) %R T SR SR K B A5 A AR T
3.2(c)fEAK 600 nm Al 740 nm LTI P& B EEAL B, B H, (2) XM EOET b i
NN, SBT3 R A% 8 1 880 nm P M55 =46 B, AR, 7E/E3.9(b)H,
AT BITHEL 1O SRR d i AT SR AR - R A B SO i . IR T
TR AR B RO, 51 3.9(a) BB A5 F K 600 nm. 740 nm A1 880 nm BT Y BN
2R AEPAS 600 nm.y 740 nm A1 880 nm PIUTAFAE S S X8 (A EIX ). ST 5K
A AE = AN X I A I S B T R e P 3.9(b) AT £ ] 3.3(c))t T BRI K- & TR A
MR 1E, 7E 600 nm. 740 nm I 880 nm b & — /MU FEAL 2 SR S IAS, A
AWAALE XS T 3.8 A% SURARAL -T2 A8 Xdl (LB 5.

° — 600

! e

—— 880nm
Wl
LI ||||||||||

()éi |}JL”;\h“M) Al UL LD

0 4 6

z (um)

@3um) FEREBRETEERE. BREAERTHHEG TS,

FFERARME-SF/MA AR KA 600nm &R @S LG,
BAXAFRERABMAE-2EMA AR KA 740nm LT @S € G5,
UBAXFERBMME-SBMAEEKA 880nm LR EELFHH
Zi

B0, AT LS TR 3.9(b) bR ic B AL B A FL A 1) 0 AL ST 2
ik 3.10 FraR, 6T EURE S - R A T AT AR P = A A, ko
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600 nm. 740 nm Al 880 nm I, LI Af JRIERAE DG 1 5K B AR A < SR L, TR
A R A R G3)IRATAT LUALG 6 7 AT B0 7 3-8 i, AT DUR B 1 £
PSS BEANREA, fXERMESESGE—DEH .

FH b, ARG T RAETE BB T SR8 S IF A B0 BRI RE], T
HA B 22 0t 1 m A A R ) B R R A, DA b 22 2 40 I B R SR T S R 4H A AR SR BT
AT IR FT LATE PA_E=AN 6T @ AR AL 1R 0 7 5 7RG8E di i b 4k 2R 18 0 28 DU A6 7
e QP 3,01 A0 B8 R BURAE H (2) % B2 I /R At i Bl 390 1, (2) % R T
R PR . H, (2) A, =280 nm, JFEH > py=300 nm i, H, (2) %R
FOLT A S S RAREE BN 1040 nm M FHA, SR ANGI)HHERH, (2)

A= 2dq,,q,,95,9,], HXTRETERE S-S EARWE 3.11 Fix.

H311 AFE R EMA, BeXkT20nmEERE, HME
AR EATH ()M ALFRERELE, RELENYZLFERAR
a%)fg‘éﬁ"/l\/f?ﬂéo

ik 3.12 () fiw, B 301 T H*(2) % 1% R S (R A6 4544 BEITE TR BR
T E3.9(a)fE# K 600 nm. 740 nm A1 880 nm BT (1) = 25 BRIGELAl b, BT XS H,, (2)
PRI TIN, BT SR AN T 1040 nm PHIE SR DY %R, MR, 7EE
3.12(b)H, FRATZ I TH BT G SR A% AT T SR AR -4 S R R I SRR R
LR T BRI SRR 1 S g, 5 3.12(a) e 45 FII K 600 nm. 740 nm. 880 nm
A1 1040 nm P BN A& FE %K 600 nm 740 nm. 880 nm A1 1040 nm PRI A71E 5
BRI (XIS o7 SR SRS AR DUAS X E I SEEL T S . 1B 3.12(b) 402k
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B 311 e TR RS- B AL SO, 7E 600 nm. 740 nm. 880 nm A1 1040 nm
AL — AN R At 2 B R LA .

Wavelength (nm)

600] . T E—]
50 50 100
k Reflectivity (%)

B 3.12(a) H* () B e R FE RAB MR LEH . X AR BEL
E. (b) BEARAFERBREGRIME, LEAXEMEEEESE
KR RAR ah -2 B AR G BT R

3.4 pi ZHON BUR FHHE A KB L

ERERNZ, AFEp AL PR AR /N, P A S 5 #5 R 5 2 1
PR LSS B I p AL AT . 8RRk, FATBL =00 7 a4l pk 16 1 3K
s ], = AS TS BB AT PO S p, pa AT ps UL 2. G0 3.13 B, B
(a) J2AE pan p3s RFFAVERRITEOLT, BINAR p1, = A SR TS BAAL B H AR
Ol pr AR B8 — AN SR P AS A = AN SR S A R MEN, W5 — D ER A
A PEMECR, FFH pr R EIARA,, MR H, ()X 6T R . El(b)
RAE P pyIRFFAZRRIOL T, B py, —ANSURF RS EKAL E AL, p2
(IR B — A SR ST S AN SR = A SR A A RS/, b 58 AN SR A A& 1Y
SEMAECR, IFH. po B EIARA,, WERH,, ()X RO F R . El(o) = 1E pis
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p2 REFAZRITEOL T, BMEAE ps, = ADFRF SRR ERZHEI, ps M2

Xt 5 AN SRS AN G A TR A S IR, X 55 = A SR S AR 5 A

@ v ©

9001 . i : IS 22V R 22 Pl 'L_L_

g : : { —MmL :

= 800 : | : Mis2 : —mMisT 1

= 1 H 1 H —MIS3 ! 1 ! MIS2 !

= —Ms3 . : : : —MIS3

35 oo : | : by :

g 7001 3 1 E E 1 i 5
H H — P

= P M TA AT

6001 ey i T 1ot A —— ] e
0 100 200 300 0 100 200 300 400 O 100 200 300 400

p,(nm) p,(nm) p,(nm)

B 313k pr ER, AFRRRBAE-2EMAG=AERTES
HRAZEG TR, pr OELFRAN . BEAREF N REBEK
Kz H, FEAAFANAERROEINEKREE, 2XR2FAERR
BANERKZE, (b) Mp 9T, AFERALMIE-2EME GG =A
ERROBEREEGEN. pp GERFHRA,. BEREF-AER
FaSRKZE, FAAFANRXRRADENEKEZE, &A%
EARERREENEKEE, -2/AMBEORFALE, () pp 8%
H, ARFEZRBMHM-2EMEGANAERRDES L KEZEGOTR. p;
TR AN BEARF—ANERFOSNEKZE, FEAAFZ
NERRFASHEAKEE, ZARFAEZRROEGEKEE. -
2B M)A 6 BAT ik

K, JFH ps B AARA, W2 HA, ()X SLRDGF did . 7R, pi 7TEAETY
B PR R X6 L ) B 7R ST A AT S iR 45, I BN At SR SIS RS2 gL . Fsk
by i tob B R G S UK PR YR % 2 8 o VA4 T B I R R R T 114 S S A SR A 1
K 3.14(a)1E pav ps RFFABHIELLT pr A FIHUE AR SR ks 1 SR A K
AR, EEARAGI X0 600 nm BT, 1 740 nm BTN 880 nm PR 14 S AR A
WA . a1l 3.14(0)1E piv ps RIFAZEIELLT po A FHUE 1S T LR A 1Y
RSFARRL R AEARAY, B X382 740 nm BHiE, 1 600 nm FtIE A1 880 nm it i (1)
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FAFARRIAZAI] G o U1 3.14(c)fE prv p2 RIFAZRIIEOL T ps AFRBUE LT3
IR AR (R SRR A 2R AR, R ARG X 802 880 nm [T, 17 600 nm I AN 740
nm BT ST AL AR AN o AR, pi XS R B 1 SO AR AL R BOR

(@)

500 600 700 800 900 1000 500 600 700 800 900 1000 500 600 700 800 900 1000

phase ()

Wavelength (nm) Wavelength (nm) Wavelength (nm)
—— moire  ----- Ag —— moire  ----- Ag —— moire  -—--- Ag
—— p,=20nm, p,=40nm, p,=40nm —— p,=40nm, p,=20nm, p,=40nm —— p,~40nm, p,=40nm, p,=Onm
—— p,~40nm. p,=40nm. p,=40nm —— p,~40nm, p,=40nm. p,=40nm —— p,~40nm, p,=40nm, p,=40nm
—— p,~60nm, p,=40nm, p,=40nm —— Pp,=40nm, p,=60nm, p,=40nm —— p,~40nm, p,=40nm, p,=80nm

B 3.14) & pos p3RBREHHERLT, p O RRBULFHAFERA
A& B AL 69 R AT AR R £ A5 5. (D)E piv p3RBELRTEHFIALT, p2
89 78 B) BUEF B 5 32 RAR ah A& R iy &L 09 RAH AR R £ #550. (o) i
pis IR ARTARFLT, ps b9 7R B BUELF B 5 3 RAL 47 | &
89 B AT AR R A A5 o

S H A B SN, AT ASE A5 S 25 7T LARIOS 2R pi ST 8 i o

PR RBATAR ST 1 A EE T pr RENE . BT po T LAYEHS 7 SR i 2 T
[ SSARAL, Xt 5 B8O T SR8 -4 A T 1 SRS RS AL B R AE R B
W 3.15()1E pav ps RAFARRIEIL T pi A BUE AL T SR8 - A LA
SOt R AR, EEARRI X 600 nm T, T 740 nm AT 880 nm AT R
SOCERAAIE . W 3.150)7E prv ps RIFARRITEL T po ARBUEEAL T BR
R - 4 SR AN R SO R A AR, R BRI X0 740 nm FHIEE, T 600 nm Fff
LA 880 nm PRI SIS AR AN R . A1 3.15(c)fE piv p2 REFAZ DL T ps A
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(] B A 49010 7 5 2R b - < S A R PR B R e AR e, R AR Y X 382 880nm
B, M7 600 nm FYILAT 740 nm BT SR eI ARAUAN I G o IX S HTSCH S pi XS R Y

(a)

100 m

I

Reflectivity (%)

500 600 700 800 900 1000 500 600 700 800 900 1000 500 600 700 800 900 1000

Wavelength (nm) Wavelength (nm) Wavelength (nm)
— moire  .---- Ag — moire === Ag —— moire  =--- Ag
—— p,=20nm, p,=40nm, p,=40nm —— p,=40nm, p,=20nm, p,=40nm —— p,~40nm, p,=40nm, p,=Onm
—— p,~40nm, p,=40nm, p,=40nm —— p,=40nm, p,=40nm, p,=40nm _— pl:40nm, p2#10nm, p3:40nm
—— p,=60nm, p,=40nm, p,=40nm —— p,~40nm, p,=60nm, p,=40nm — p,=40nm, p,=40nm, p,=80nm

B 3.15a) % prs p3 TERBELREWHLT, pI TR BRAAFERFE RA
mAE- 2 A M A K ERERSF . O)E piv pp KBERTHHERL
T, p AR RALFEAFERALBAE -2 A ME 6 KH A EREFH
Mo (VE piv pPRBAREHAT, ps AR BUEFBLFE RAL N,
W2 B A KA E R A

B B R S AR AL i 1 45 2R — 2

3.5 i FH B/R S A5 3 R B TR AT

3.5.1 SEIG R A BT S 1 &
FECL BRI, JATABLS R S A AT ol 4 & SRR DG T AR R R R

MRAEXA R, AR BUE DG 7 5K A R IR R T R R . BATAT Aseit—
P EAT A SR FHI A DG T 5K A - e Em . — NS MR DGR, —

AN G AR BT R ROEBS . BATTHRIME RS 450 nm FIZRIHFHOLHUK 610 nm (&1
s FHERIERATRE R S B s B T R RCR . AR R LA MR A,

EACTEVE MR B MR 2 303 3) AT A I A, =120 nm AT A, =160 nm PiF T
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ARG BRI T UK R, T AR BIECNEE d=20 nm. FAT14 p1=60 nm,
p2=20 nm, RHLR AN ZLIR T AS B3 KA B /3 HIAE 450 nm A1 610 nm &b, 6T 3R
fAt- S B R R EWE 3.6 FiR, BEXEBERREREZE, BAKLRRHA (DN
IS (46 7 SRR A o O T IR T ORI BCRIRAIHE 68 5 O 1 SR A [ i
B—EZRAETANEFENGRFE (PMMA NHEE, WE 3.16 4K,
PMMA MMl JZE 160 nm, Hrii#A 1.62. FHA AT LLLE SR S I A 4 BAR )= Z Al
G A3 O 7 5UR % -2 B A .

HREICT R S-SR, BRATES R AR T H R . i 3.18(a)
PR, LR T SR A M - SR AL I S S, 2R SRR A K RS . 7R
B IXHEAL, AN LA AR 2 SR S A KA B

-

"h.

B3.16 kxEREAE-2EMAE, BEXT20nm e E, ek
TRAEF & PMMA AR E. MR G &5k TH? (2)* 6 %5
FRAEMAE, BEFMKRABRALZAAN TR, LETRkETET S
RIERHTT 4o
e, {EH T OTFC1300 Wil (i T Ae 7888, RIS s A B, 7EiR 2
220 $%RPE T AT & SR Ag, R ORISR E/R B g L% PMMA N 2.
FATH 2R J9vE 7 B PMMA BURLIE i e, Bo B8N 8 mg/ml i) PMMA W&, 0
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A 10 nm/ml M+, R BFESREE 10 NN 78R G MG BT . RO TR A

A 3.17(a) 9 iAL. (b) TS

SRR AR R S BCE ARSI, R EATESEE 1000 v/min, BFECY 6s, JEEEHA
3000 r/min, 1Ay 30 s. FHIE K B AF FTRA M L1 PMMA 00 i€ £ g i b,
JRENEIEHL, W 317N SR, SRS, BUHAERE TR S, aE
3.17(b) R, WEBTIRE A 75 °C, HtF 30 708, [ EUE SUEE 208 160 nm.
) PMMA J2 0T DS R A @A & 55 B 71 (ICP) SRl 200k, Bl A0 B VA VL FE
AT G SR 1E

FERE 3.18(b)H,  FRATIAE FH o B SR o T AR o 1) S S 0 A 0 1 40 R o SR
T - SRR B S, R SRR AR R SO . AR XA, AL
A2 SR SR E . Xt VP e A& R A K I g A E 4 )8 5
TR i A% Z A 3 Rt o, R, & RN ARG R .

—

3.5.2 E/RFHESEEE TR BRI

N T T SR A - < R R R Bl B AR R, BT P I sk A B e X
BT RFBAT T ARG S5 A TR G705 7] LLE U R 1
AR 2, FIREIRIE A LRIRN 4 =[a,b] - FEEANTZH, BB DE/R AN T
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S g
> 2
R 2
3 40 =
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B 3.18(a) it H A FE R M RAE (BEX) b5 X RAM,
#e-a B AL A BOATHE (Z80) . (D) Bl & & 5 32 R AG S 44 09 RATH%
(B&) FAFERLH-2 /MR G RAE (LK), BEARRE
RIS S oD &

RO s, Wt R R, B A SR S A BT BARSR R, i
BETRREEK. TR A ARG, WIEREHEG A FIR IR
MU Ak, B B A AR ERIE S R SR T Y, P DA T DA v I ) 3
TR I HEA N BRI (R, ABRGER AN RAL . B, JATANH — 5
IR A AN R AN SR G A MRS & 2 B R, BSE SR S A vl ARG & 258
ANFRFE ST, M AR A S ARSI G . RIS, %
IR G A PIROCIES, 3 A SR SIS PCR OGO R T AR . METTTER:

da

—=(o, —y)a+S.,
dt (J a 7/1) +

L~ ~ b+ xa oY
K 0, (0 RE—ASURREAS B SKATA) WAMRE. S, R%E— 3K
ST AR T IR . () BT MUR AUSERSE, & T L R IR
Wk BT BAL O B9 . kAR AR IS R AL, HE T WS 5 04 A

4

81



Whixg 5= T £ EAR SR P A T B R HE gk

B (&, _gPMMA)wOIPMMA drSET ‘E,
<¢1(2) |¢1(2)> = Z _fdl'3(8mEf(z) 'E1(2) +1leHl(2) 'Hl(z))

XH g Mg, ol BRI AS S Ry A, 73 50 7 LS IR BRI BE 5 5
E,,, M H, ,, 70 A& 3L AR 30 B s i3 o0 A, X BLERATTAE AR vEEAL R s S, D

1(2)

(A]4)=(4]¢) -

FERABERR, 5 A SUR RIS S8 T SRR -G R R R O T £
KR A SR T AR R T AR R I =0 N T FIALRERL,
RAIBRE R AT SFMROL TSR 1, 2J5, BT LS E14EsY

N I = 0 o dmmmaot i, i,
@0, 47 |[(0=a,) +7:]

25
— 440nm
an 2 - ——— 445nm
= 20+ ., 450nm
= - | 455nm
= 152" —— 460nm
m 5
g 0 440 445 450 455 460 465 470 I l‘/‘l\ \ 465nm
E 1 0 i Wavelength (om) / '\ — 470nm
= /|
Ra A\
o 5
) —— —
560 580 600 620 640 660

Wavelength (nm)
B 3.19 RRRAERAEK BAEe) T, KKMK 440 nm 2| 470 nm,
fE 5 nm, @SB EATANETRARAr. HEARRFER
HRAE K E TR AEEN T,
BRRGTBRR T 2 BRI ORI G R Bk (K50 . WE] 3.19 Fos, ANFEZRIE
I 0 T, HHEE TR IR, 46 B A R B0 o 875 5 0 5 g
A, B TES, ERMEOCH KN 450 nm 9B AR, 2422 IR IR B 20K AL
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AP, BREM T DN HRSIE R E TR R RES . THES R ER
BT ORI R 9 AT AR SR ST A AR R 1 5

3.5.3 ZURAESH R E TR LR RAE

K320 KA EBKER. (b)EEIMERXLE. (c)LARAM A
EAUK E R,

et b, AT AT BRSO SRR O T SRR A - A R R R R T

5 ‘ I‘.‘

* 1 ~450nm
M 455nm
I —— 460nm
I

440 445 450 455 460 465 470 /\\~I
1\
|
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o
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O == — |/ \
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B 3.21 53 ER AR KT IR KA SO R KK A RS E RALRE-25
M S KA 440 nm 2] 470 nm, ][5 S5 nm, FAEE R —M]
TETAMRE. HRAARBRRAALEKE TRIZEEMENT
o
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BN EBR— NG, BF R NEER— M. Lk E K 3.20 Fis,
Kl 3.20(a)2 KEPHOG IR 2 H B B R 3.2000)FT5, M TS ESZibRe S (Bt
3R, BOGCEERIRE MR IO RO BB BAEE T (AT, 2R
AR BTOE R 3.20(c) T IS &

321, AT 440 nm F| 470 nm SR AT KEPBOGREAS, (8RS 5nm, JF HAR

(251) (b)

——450nm ——610nm ——450nm ———610nm
=
0 ) &“h%ﬂNNMMWﬂN%MNW
0 2 4 0 2 4
(C) z (um) (d) z (um)
5 25
” ——450nm —— 610nm
- 204
=
N
@ 2 151
= 2
w
/ o 5]
O T UU N 1 T 0 T T hl T
0 2 4 560 580 600 620 640 660
z (um) Wavelength (nm)

B 3.22 () IBAT R MG LK K A 450 nm A= 610 nm €355 H &
R 450 nm G H A, LA A 610 nm IR HH, BARET A fenk
WO R @, (b)BIFLEM AR KA 450 nm A= 610 nm €5, B &
R 450 nm 9L G5 A, LB R 610 nm R H, EERRETE
R R (OAFRRAR M-S ALK KA 450 nm #= 610 nm £
o, HARA 450 nm 9L IGH5 A, L& A& 610 nm e H 5 A, &
CRBETEELZ. (DEEXZLFERLHE-2EMA 610 nm &)
TTAAEE, OXBIEEH610nm I E T KHRE, BARELZHIBA
JRAEH) 610 nm 892 F R H 5% E .

84



Whixg 5= T £ EAR SR P A T B R HE gk

FENASREAAR, BT AN AR . W, S0 TR A R S iR R e iR P I
R BOEPK 450 nm FIS% . B AP B R 1T AN RIBOLEAK T B 7 0m 5 A e
[k . SEEGsE R K] 3.19 MBI T HAF A IR AT

BRI A, ATHIL T FSIR PO T =M RS R BT R 5RE: StT5
IR M- R AT, BEURAEH, BOMERAH . X RIS A E ORI DG T S
S5 ERZARINEE, XA E R AR A IS . EHEENL, B
TR A SCRF 2 BRI A A, B BT RSt e] DUR AR R A B O
TEKHA S SRR Wk 3.22(c))t T 3L/RiE ab - R R T BK B L
R AL G T R AR A< SR AR S b AR, ] 3.22(0) T BE AR A A NI
Ko(450nm) 17 HLI7 R AP ST b B 3.22(a) T BB A IR S R AN K IR HL 2 38 A TRy 3
TS b o SXSEANR) SR B L O AT RO A AR o R e, T RU MR BT AN A 5 5
AT OISR G R B S SR B (KR, BT oL T B4 B AN [ 0 7 A 7
RS R EG 6T SR % - R AR 5 28 i, | = 6.62x 27 THz , FILIR I EE IS
FIII AR & R x| =1.26x27 THz , BT IO & R % |« | =0.43x27 THz. T
iy | > [ | > ||+ T SRR RS- R R R TR AR ke b, BRATTE
FHBA Y 450 nm (¥ AP FOLE AR DD R L FOR =FA RS IR T . a8 3.22(d)
BRI T AN SR P D 7 SR - SR A A e A, LR R BRI AR 5 1%, 2
B IR IR A M B 20 i

3.6 KXT/NG

ARz, FAGRW TR 2 A0 T SR SRS BT T Tk e SR A
T - AL R T 45 1 T ASCRF 2K A SR B s, i i dRAECE #n] BLR S
Wl AR . thAh, BT EURFmA, BAVRH T RATRONE RS E TR
O SR R M i, IR SC BB AR DN BT R R RIS R 45, X ] DLHET BIARZR MR
AR 2 A B RDG- Y PR BAE R . JRATHIE, g2 Ay B0 5 R
AN IR F I A5 R BT I VAL AR R AT LA™ F 1) A s ) 5K AR WD B R Gt . — L84
IR Al AT R A N 2 rTREAS 2, Wesi Al i o . L DE AR MR IR
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