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Abstract

Recently, researches on dielectric superlattices (including quasi-phase-matching
material and photonic crystals) become hot topics. This is so due to the following
facts: the propagation and generation of the classic waves (includes sonic and
electromagnetic waves) in dielectric superlattices is a basic problem in science, and
these materials will have many promising uses in future. In this thesis, some works

have been done which are described as follows:

[1] We studied the second harmonic and third harmonic generation in
three-component Fibonacci quasi-periodic optical supper-lattice and fabricated
Lithium Tantalate optical superlattice with this structure. The corresponding optical
experiments show that the multiple wavelength’s second harmonic generation and
third harmonic generation can be realized in this structure. The intrinsic
self-similarity in three-component Fibonacci structure can be shown clearly in the

second harmonic generation spectrum.

[2] The two-dimensional perfect metal photonic crystals were studied theoretically.
Calculations show that in this system, if the filing ratio of metal is larger than a

threshold value, the complete photonic band gap can be realized in this system.

[3] The energy band of two-dimensional photonic crystals composed by
superconductor cylinders is studied theoretically. The energy band in this system is
dependent on the temperature. In a temperature range, the gap in this system can be

tenable through changing temperature.

[4] By means of the surface nonlinearity in the metal and the macroscopic periodicity
in two-dimensional metal photonic crystals, the second harmonic generation can be

realized efficiently. We studied this problem theoretically with the help of the Green
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function and plane wave expansion. The main features of the second harmonic

generation in two-dimensional metal photonic crystals are the same as those of the

second harmonic generation in one-dimensional optical superlattice.
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W SR EE D AR S, BEPEEARE LRIISKERT
BB IRS) 8 EABEMPRAEL] . B TRBERNAFE, BRI
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fEit /T 80 A, AIEENBFEETERE, RERE, Traf
F EIRHIF B TR KRR . I H4ER, AMIEHRE TFHEHFiER
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Xy (8]. HEAUAHUCACEE IO : R A LB ST EH# RILEE
S FIRPRAAERE, gLt F RS m =%, NHE™
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(e RE G, RPN T MRS 23% KZFHSE, B—KIEH T

He e dE R P R AT R [10]. B E, BATAS—RIIH

il 25 ) e B2 AR SR A AT T SO A BE R ST, Hedw: #ESTH) Fibonacci 454
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SRR R MO TR AT RN A S, BRRAACT SRR A HAhThBEAS

1% e oty

P TR T A2 . FIAREREHEI RN EME NG T SR E AR



HFERPAL LS NCABABAFHRAGHAA
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EMAR S RAETE TN ARG, Il —FHEA AL R HE B —4E sk
B YA, SR A THSNASHNERENNFERB T OUREHEZ 60%
fdESLLR B kBB A XA AL R B P eI F R A S H . X
HBEEEEERYHANBANHTR. 2ERNHNAFEEXL TEREAM LA
BRTH#ITH, AERMLE FHRN T =4t Fibonacei EFHBINGFRER. =
] 7C Fibonacci ZHI& 47T Fibonacci &M ERE, ENIFERTRFE
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=4} JC Fibonacci #EA R B4 £ 4 Fibonacci Fe2EAE SRR
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FE

A B C
A A A
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v 4 v (
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A C B A A C
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(2.1) a.) H=HIT Fibonacci JEFHMEHI=TEAXHRIG. B.) =47t
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o g% 52 e, BT =417 Fibonacci £5#F1 4170 Fibonacci 43R R #HIE,
B LAZE — 41 7C Fibonacce i Ye2448 G T 8585 SEULAO L 2 8 (LB K T 1965
s, RE B ERAT AR = 4 RS 1% RE B ZE =41 7T Fibonacci J 5/l
Bz, TR, BAIX=HTT Fibonacci HHKFIEMAE XS

o A S SRR AT T R RE T, ZR#IT T SERIE.
= 44 J© Fibonacci J¥ ¥ T LL#& I F R & & R 88 W 7 £

A— AC, B->A4, C—B. BIHAXRBRAC, B ACEMBRACE, TR
S EARRAIM T VBB FFS: ACBAACACB---. A, B,C PAEM—AERH
TEHREE N B BB B AR R IREk B . BT 4, B, C « Z=4JC Fibonacei ff
B, L% Soib %% i =4 7T Fibonacei %5 HIFIEEBREE A Y EMREH
AEE 2.1() . 2.1(b)« 2.1(c) Fim. Xt 2. 1(b) FE 2. 1(c), ATLLE
o B S5 1% H B =48 7 Fibonacci YO @i AT R AT BIRRF SRR R 1T
% T HERLEFBRBOTEERMUTRRARFCHFATH(8],
KB 2. 1) i RS HEHNT: #x4, B, CHIEBRKE~ 18
KB4y 31k 4.0~13.7 um, 4.0~4.26 pm, 4.0~8.1 pm,

RIBWEATAHCE B 6, A = AR A B0 LA 2 T =AML
Ac 51 -

Moz =K = 2Ky =Gy =0 547 (2.1)

w,—»2a

Ak —ky, —kyy, —k,~Gp =0 ZAE (2.2)

o, 2030 3w

Rk ko k. ABREES, R HELMRE, TG, IRE
=44 7C Fibonacci &MIMEHER. MIWERHES, =4IT Fibonacci e rh

FiRgR (m,n, 1) RIRRUF:

2nimn, +nn, +1
Gm,n,I _ (mn, Dﬂz 7;) (2.3)

RPEim, n | RER, Ty, n,, 7 R=ZNEE e0NEE08

7, =10 7, ~04656 7, ~0.6823

D & =% jcFibonacci4s 14 i 25 B 8-
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D=1n +1n, +1,.1,

(2.4)

Rl 1,1 S RMRE A, B, C ETTRIKE. BAOIEEHE T =4 T Fibonacci

LERI) Fourier i (L (2. 2)). ST EBRINEM R EM A Q. 3)—
3. B bR SRR ARMUERAR, RAERBENT:

Fourier coefficient

B R ARG WERA

0.35
030
0.25 ~
0.20—-
(.15 -

0.10 4

0.05 -

0.00 1+

The reciprocal vector G (um’)

%] (2. 2) =#7C Fibonacei X R4 Fourier #%.

Rt RRE, BEE 8L, RBARILES 4T

b2 )2 IR B R SR T B B — AN 2E [ R OB SRR AR F ! T 131

b im(210) RTBAEI(101)E 3], 12D)F HEI AR, $%. X~ BAMEE—4x

Fibonacci Z#h A, A —FIER T ROETREE 2 FIZ 1.618.

ST R BOREREAT TEOLRER E R TR . T RNEBOLE R —1-H 0.532
um, 10ns, 10Hz ] Nd-YAG #AZR il H OPO R4, BPOLHI A AERZ 1.20 um
B 1.50 um, FHTHEL 9.0 mW, ZEFRERPREREELEERLLH 80 pm. WF

O 35 530

Y

Q3)FR, HNAESEREEMN2 % B 20 %. BREHAE

A debnxt N T HHE A BER K. AT E PR, BB EREERNT &

&, HBX K
BTG ENIRE), ZEPNEYE R =4 T Fibonacci 514"

TR, B RIS RS EIERT . PR

P E AR

b AT B AE = AN AL R B SR = AR e A1 A

{ELEH
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R R 1,347 R 1.442 pm. FEX MK T MG SULH BT 5
£ 229% F 16.1 %, TIHRNA=EHEREER 0.9 % 1 58 %, HXZTE
& kb F UG B A5 500 A5 SR SR IR B R4 KAAH N Fourier RS TR
(—). FRERAICIATH AT AAUE, =R BN 2 KB4 <o

6 Fourier R X R T A7

1]-2 - (a)
iy o)
- -
ap—
p—
~ -g N A=
17":
(b)

(1,0,1} 7

L (au)
(111) 3

L (217)

— (121)
L (210)
— (102)
(200)
. (012)

121 126 131 136 141 146 151
Fundamental wavelength (pum)

Z1(2.3) a.) HHEME=47c Fibonacci JFEMEMAMP _KEMIE. b.) 3C
3 M ZE =4 T Fibonacci J& M s B — IRFE 30 .

=R %R 1 Go)

1(30) x (d'.323f(Gm,n,I )f(Gm',n',I' ))2 (25)

TR B THMEERA =I5 < KRB B BB K UL R RN
Fourier &3,

" /
Measured fundamental ~ The reciprocal vector used  The reciprocal vector used in

Wavelength ( on ) in SHG and its correspond THG and its corresponding
-ing Fourier coefficient Fourier coefficient
1.347 (200) 0.075 (20;5) 0.01
1.442 (101) 0.23 (204) 0.009

T T R T R T T
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BIEFE (—) FiFIf Fourier REATLAERIEX — B TR =SNG EL N

f(sz)‘f(Gzoa) — (i)z =0.131 (2.6)
f(Gi) f(Go) 276

T SC R B H XA EAE 2 0.155, ATLLE H & SFIC— HBIFH.

0.4

o
W
i

Intensity of SHG (mw)
N

o 1 2 3 4 5
Intensity of the fundamental (mw)

E(2.4) BFHERGRMES LXK R.

S 1. 442um ABROESOL BRI ORI KRHET THE, SRNAE Q2. 4)
Fim. BRI TRE TR ITEEE, SR/ TRIEFMINUS ML, 7
DLE MG G REA EE T RR

120) < I*(0) 2.7
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—
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L l

0.4 -
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=
o

31 32 33 34 35

N
(v’
N
©
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o

Temperature

(2.5) fEHUCHERERAKKEBRR.

W EEIX — YK F HREHUC AR S MR B W (2. 5) Fin. BIPRIRLRVHE
gR HHRELRER, TRERXRBENLERER 31.5 B, XMEA]
s ot MR ILALRE R &1

gz A4 =T Fibonacci SMHIEERIET, SEKH —fFHr~
L S = EE R A AR . HAESE AT LURBRE Fibonacei #
R HIE R K B, WR NSRRI ER SRR
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£ 3.2 VR R AV HEEEWHTA
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‘: z_. L

A @) CHRENGHILTRATEE

N RBTERAT LR B, BATUURTHE. HiEgids mPT T Z 75,
XA AR A B, LEIRIEE Z T RN HE . BOR TN BTN
FHMENBRRAFEH, XERMNZENFAGREE. DT HESRKCR(1,2,3]
PRI EFTH . TR MR, AT Maxwell TRRAH R

VXE":-—QB—
“ 3.1)
VxH= oD

e}
ZBIN RN BRHCNERE & R EMEEARTE, BINA

- B
H=—  D=gyg¢ b (3.2)
Ho

RATTEE.1), LRI T KIEE)TF2:

1 = @ 5
\% VxH=—MH 3.3
xf:,(i’) " o (3-3)
VxVxE=¢,F)5E (3.4)
C

BAICE S M exp(-ian) EX. FEUTITRTHNEEBEBBEERT ME XY
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SEER. MFEER, BHMNE ZA4E, FHALEGY, —EiET YRR
Laplace HF, HEGBAHZN:

L [51 LA ]E -2 g, (3.5)
g (F)lox® oy c
£ BN BRBRABENEBRE, KRB RE,
g—ir;jzgg(é'-é)exp(i(é’—@)-F) (3.6)
FIN BT AR RN, %N R P B LAEE L Bloch &1F, I
E, = explik -7 u, (F) (3.7)

KXk £ Bloch &K, {XIEE— Brillouin K FERE. HFu, (F)RUENA

SRS, WRTCAR AR R .
E = Zuk(é)exp(i(é+§)-F) (3.8)

KTER(.T), 3.8) RAFHR.5) 18R, ()R MALE T

%, (0} {6 - 6)le-+ OF - 2,6) 69

hFEA F R AR, R R—ABREY, (G)
u;((_?')=’1_c'+(—}"'uk (@) (3.10)

X BB — X RREI AL T 72

;Q(@},QG' - él)fé +Gl# +G'|= -Z’Tzu; ') (3.11)

X R KME E BRSO T RARTHRRELSR T,
MFHBEXME, HTHZNE Z2EG3)AX TSR

)+a 1 O
oy ¢,(F) oy

2
H, ()=~ H,() (3.12)

¥ H (F) R/ iR B0E Bloch BMR0EIRS KIEFF, TTLUBEIXT H,(G)R%m
R
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—

56,{6- 6l +6) e+ 6).6)= 21.66) 613

iZH
e kR,

oM |

R AR, REAXIESE (3.11) 1 (3.13) WLBEEFamiFH

— AN ) R 4R v S A W R U Fourier EFFREL, EHHIBER T IZR
WRAHBTRER. Ait, WFRERFLR, /iR Fourier B REH

Mg,  HERUIETS RFERHZERIEN:

zf[l 1 )JléiR)
5,6@')24 Ee &
f+1—f
._gc Sb

B SR MERR(DF I PR

lG’iO
(3.14)
‘G‘[.—.o

fREAR, B X hAEmRSR

MERHEE. &, ¢ AHRAENERMNAEER. RROPEEH TS

Fourier UG, AT LUF A B XT AR 3
N A EE .

HHRARBEHNABEBEAFN Fourer REFEEXRX. BT HMHEEBER

[ B3t ARV Bloch ¥R BT 5t

TERIFNRMBRABSCFRENN BN BRERE —TEEHE
AFE, BaXAFERKBEFFERTARERSTEHENRTEWR, A
HEIFRT—E. BRANMERBEHMEF XN . EERN, S0,
%ISR, BT SRR B B AT B vE B, 40 KKR JTVA[S, 9,

IO]D

£ 3.3 ZEHNTBIH _4E/R

KT e kB 4

ATE S gL, LRSS REEw H

% LB RO T R A RESE, MH

NiE% RIUEAT KB RARENER ARG . BRIV ES BB R ENN

HREDTEF, ZTNALERHTE.
H— R I L EFHATHI[4, 5, 6, T].

HANA - TRMIETEKNERA.
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SR T8, XN MET P AR ERESR, ATHERN
R. TiAdMESEe , BESHETRMEAR e, TRES MR, XA

» BB R 1.0, HQRIXHAENIZ FEREEE- ZRZWMEG 2R,
O O O O
L O O % O
7N N >
W ./ ./
l X
t O O O O
- Nl L —> O O 97
-
b

& (3.2) MAZERS FEHHE 4t TRABHENRE.

o FARA— AT, BRSNS E Helmholtz 772, 5% 8 E R,

HE 3% 7 [ RS0 2 AT 7 R
V:E, +k,'E, =0 k? =f:§ (3.15)
) 7L i 2
VE +kE, =0 Kk’ =g,‘;’—; (3.16)
FHNLHIRE A -

T ATy b Jexplimg )+ T B H, (rJexplimd) gy
e

E =- (3.17)

© |1 XC R Jexplimg,)

K IR 2 BB I fE R O A B AE R, BTLLEE 3 Bessel ARG =
4 %, RFMJT H 4 REE—KME = Bessel WY 4, B, C, PR

SR % RS B AR EA S E B A M A, TUEE 4,, 5,
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2 @R TR R:

] um(kgR)Jm:(kR)-kﬂJm'(kﬂR)ngkR) 0.18)
k,J (kR)H , (k,R)-kH ,(k,R)J, (kR)
R FERAS R AN BB S8 B REN FEMETRBL. XG.17)F,
BAMIBE TS HRODERE L B RRARAFEZETHAN S, B
—ESy: —EA RPN FEITR, 58S RREHET S BlEZETRR
i BORARSREFNEE . BEZHENER, RE1DPESIFIHEE
—IA] UL B Ak
ZA (VJ _(k,r, )exp(img, )= ZA "G, (k,r, )explimg,)

+ZZB (_/)H( 7, I)exp(tmgé ) G.19)

=i

RPAUE - TRBI R G UZEF AP ORRIT, BRETARIMNEHRE
X, MREPAET =M T ZRENER; BRRRILCH B EIX

FEF 37
HRYE Bessel BRUMIMEEEBOEMEE BN UENRQPES), TLURAR

(3. 19P KB B A

> Ay (), (o, ) explimd, )= 3 AP, (kop, )explimd, ) (320)

+ 32 S S B, ()H, (ko 0y expli(n —m)d, 1], (ko p ) explimg,

m=—0 }#f n=—w

# EARRAR G 19), LeBAHRIR AR M- RERI R LRI,

A,() = AP+ 3 B,()H,,, (k. p,)expli(n-m)g,) (3.21)

J#i n=—cw

BER G.18MEAR(3.21), W LABEIX FHIA R FREM B REB, ik L
— NGRS A EA

- A0 () =- B; J +> i B,()H,,_,(k,p;)expli(n— m)g, ]
o jrinse (3.22)

B BN R BT LA B 5 3R IR R A B N R, B A s P LR
ik
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E,(F)=EX*" +3 2 B, (i)Hm(kc,‘F -R, \)exp(i(m 8. 7 }) (3.23)
5 i T AR RIERA

B = _iv < E (3.24)
iw
HE Poynting < B K E X
S=FExH=- L ExVXE (3.25)
L0
{8 Poynting KB {2 HIMEREEI 2 BN
s = 9k (3.26)
? iwu, °or

T AR RN EEXKEM.

FTHEROHNEAEAESH BT ENREX. X THFREF, —
1 O 26 D RIS M R X B — AR ER AL SR R B NSH R ER Bessel UL A,
BB FHEEEANFRE AR — M REWEBG.2)MR). %EE Bessel
BB KZERIFEN, XE.23)AUEMK:

E,(F)=(a,(0)+ 1.(6)) e""f/’;‘“’) (3.27)
£ RS RS T T LUK SR BB T L
E;nc:denr (F) — an (9) exp'\(;;:ﬂr) (3 28)

i f,(6) WA LAFRE Bessel BRI AR ERAS M FHEX

7. (6') \/fdcz exp[— I—JZZexp(zkuR, cos(;ﬁ - @) x ()" exp(im6@)B,, (1)

=1 m

X FEIT % 4% [F] Poynting KRB N :

i (8)+ £,(6)° ] (3.29)

nror

BN UKIES RN ERX KR KF Poynting KB S5 FRAN BT HHIZEF
Poynting KB LE[:
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AT SR A I, RIS T NG a, (0)FIL T R AF AT AR

Bt AB (), RAELREI0)TEHETRERESE. TERIKE

S b, — RN X H B RN L 6 = 0 R HIEH &), EHEARKEN
F 5B T M B SHE: ARG 30T, B

T = f T(6)d6 (3. 31)
KSR TRENSFERIMEE.
TEHERIE 2 HAIMGERFZEB R THRITSEETE
(1). NSy EL Bessel RBER, RI:
Uypoaen = AoH o (knr) (3.32)

B4R Bessel BREHIAFERE A A L2

a, = f—ﬂi— exp[—i-;i) (3. 33)
0

(2) . NG R FE AR EAHFA LT RBEET —ME (K Q. 2 PR . A
B SFE AT N RS 9355 4] LLA R AR OR:

- -
X

4
k F -ul-_ f . -l-“ | ol
u =-—49—_;[/2aj/ Ho(kﬂlr yeyl)H]F—y’E IHl(kﬂlr ye},l) (3.34)

mcident
y

# B3| r >> y' fl Bessel BRI KFERETF, 7I15:

2sinlk, W/, sin 6
ae(9)=exp(-ijj il 0052[6’) sm( - Asm ) (3. 35)

27 2 k,sind

IR L HES PSRRI LTE R AT RARESE.

5 )5 B Ut 2 B ERS 5 EA AT LA EA BR T me (A H0E ST, T B AT
A E TR AL T RAR T E, LB EERNERN, &A% @
WIEFT 71518, 9, 10].
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BIUE T 4T AR AR RGBS B R EL IR 5L

£ 4.1 3|5
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B TR AT R ERER R AR H 4 e T @RI R E P EIXER
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Grh g T THERESEIE T AWM. N T4 REISGHEET aEEH
£ 75F Bravais $% (2], BAS HIEFHBK RS HLEHIET &5,
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=

£ 4.2 YA BARSHE R 480 F SR AR FE ST TS
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FHERUA E 7 AR BB SR RE T BT T ER vt H 4], B D)ERINIF AP
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Logarithm of the power

B (4.2) 4RGN T &R B ()M &S B (D).
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