® L M B

% # 2
$ gk
B R F A
/e HN

AFRGE, EbEAR HeioaRs
# 5 AT F A A F T R

x| #E
RRSHEE
T EEA o) g4
AT g

2003 % 8 F 11 §



M YRR, Bl a0 A R RR 5L TF RS B LSRR B B

HE

KERIE: MEACARDCAC, JeFER, mEMOT, Mg, finst
AFHER. ETHEME., FHBRRERITERLEREN BB SR

RINEERI MMM R, REKSYHSSEIY, R Y. BTN

X AR T U LSRR p B B IR T TR

Polariton §FAEAFYHEE. FEABUTAAFMKE:

—, B THEFH TSN T IR e IE BRI SR S # iR, 3
BRNBTI M. SHRANE. SEREM. SEEREHE,

=L REEEARGER, BYTATERMABRREATZENKE, £
HT Bloch HERBFHN, HHER UHARNTETHEMEG—BEAN
R

Z. HAOR RSN R BRI EN AT R TR . BB TN
Yo F AR eLE o ik,

B, BHTHEMEEE SEHEPH Polariton g, BYT —HR-HEHET
FRRWHKR, UESRRKE, BB RBKENAREREL,

A, B FrEE AR RERT

A RAZKEBFRAFEEER RGP FEF FREERSE 2T
IR L IR A 0) i g 2

o R T P R R R R & STCAAE R T A R A R A R LR

)



1+ Sl HOLAMLGR . REL SO RS 50 R R SRR BT

Abstract

Keyword: quasi-phase matching, photonic band gap, polariton, entanglement state,

negative refraction index

Quasi-phase matching (QPM) material, photonic band gap (PBG) material and

piezoelectric superlattice are all the functional microstructures, which are the crossing

fields of condensed matter physics and classic optics, nonlinear optics and quantum

optics. They are developing very quickly in recent years. Some optical properties of

these microstructures have been studied in this thesis, such as nonlinear frequency

conversion, photonic band gap, polariton and phonon-photon coupling process. The

obtained results are described as follows:

L.

A new kind of aperiodic optical superlattice is invented, which can be applied in
all the QPM processes, such as third-barmonic generation, three-element-color
laser, multiwave second-harmonic generation and frequency conversion
bandwidth broadening.

Equivalent media fisld theory is created which establishes the relationship
between the reciprocal vectors and band gaps. The expression of bloch vector is
given and some basic optic properties of PBG material have been studied.

Some techniques of quasi-phase matching theory are applied in PBG material
and aperiodic PBG is invented for the first time,

The theory of polariton in magnetoelectric composites has been established and
the dispersion properties of permittivity tensor, permeability tensor and
magnetoelectric coefficient tensor are given,

An aperiodic negative-refraction-index material is invented for the first time.

The interaction process between phonon and photon in piezoelectric superlattice is
dealt with second quantization method and the theory of a new kind of elementary
excitation is established.

A new physical model is created to produce a new tvpe of entanglement state in

the piezoelectric superlattice.
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THG # LiTaO, 363 MB35 86 H (x) 4540 .

B (2-2-a) HAHEU T IR B, (x) . Hy(x) B H(x) BHEIH %, &
B, AT AEBRE Y, H(x) BT 1.064m BG5S REHTE R
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B 2-2-b. The curve of conversion efficiency on the length of superlattice
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%=ﬁi"‘2"43"42. cexp-i-Aky - x)-i-2-x, Ay A expl~i- sk, x)
% =-ioky Ay~ A7 -expl=i Oy - x) =i - AT -expli- Ak, - x)
X
dA . .
< —d;i=-1-x2-A2-Al~exp(1‘Aszx) (2-3-1)
%="i'2”(3"45 -A4'-exp(~i-Ak3-x)

dds _

. -—i-lcs-Af-exp(i-AkJ-x)

H A Ay A A A FRIR 1342, 0.677. 0447, 1064, 0532 um i€
Bk B R NE . 1342um (UK B Ak =ky, -2k, o 1.342m RS KR
Aky =hy, —kyo ~k, s 1.068um (GHIREE Ak, = ky,, -2k, « RAVTFES A
KRG = Ak, G, =4k, Gy =0k, HINFABEA, =27/G, A, =27/G,,

Ay =2r/Gy, A1 XA HEH

2-x X
F(x)=1=2- floor]| == | +4- floor| —] .
' A A (2:3-2)
Fy(x)=1-2 floor 2x +4- floor —LJ 2-3-3)
LAy Ay
2-x X
Fy(x)=1-2 floor| == | +4- floor! ——] (2-3-4)
Ay LA

FESLEEREL, TRf11E LAER SRR 2

sl leld)s) e

Hylx)= F{(ﬂuor 3) + cei!(-ﬁ-}] : 52{} (2-3-6)
H 3(x} = Fg({ Sloor %) + eei{-}D . fﬂ (2-3-T)

BT X 1342 um WO AT HG  F BALEH
H,(x)= H, (x)+(ﬂoor[ ﬂoar(-}) : le - ﬂoor[ceil(l;-)y, D (Hy(x}- H(x)} (23-8)
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BT, TAVR R £ A AR M 3R RIS
H(x)= H4(x)+(ﬂoor[ﬂoor(§) . sz— ﬂoor(ae‘il(%} . sz] . (H4 (x)— H, (x ) (2-3-9)
LU LEX S, dMREANEENERDHER, RITE X oy =2-d/A,,

o,=2-d/Ay, oy=2-dIA;. EMEYy,. WEN

o,

2

2-9 -0, sin( )

VAN

"= 7, =0333...

7!"0'2
2

7.0,

2-6-0,-
2

sin(

Y43 1 + oy lsing

NN

2—4 JERIHAFE 28 R A R & D I 40
T3 RS R R o, TRAIAT LR SHE S M K Sk ST
fe FRIRATRH th— RS HEE, RN ER L., =12, 13,14,

1.5 gom WA B B RS AR RALD HIR: 1.2m SHG Ak = ky, ~2-k,

L3um SHG Ak, =ky, ~2-k, : 14um SHG Aky=ky, -2k, 1 1.5um SHG

wy

Aky =hyy ~2-ky « BATEESHBHE G =0k Gy =Aky: G, =bk;

G, =AMk, BATBXEAMG, =27/A,. G, =2x/A,, Gy=21/A;, G, =21/,

BB
2-x X
F(x)=1-2- floor ™ +4. floor 7\_1) 24-1)
Fz(x)=1—2~ﬂoor 2x +4- floor =~
Ay A, (2-4-2)
F(x)=1-2- floor| 2% |+ 4. flaor]
’ A, A, (2-4-3)
F(x)=1-2- floor 2xl 4. floor i) (2-4-4)
A, A,

TRl 10, 2 AR R
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m&ﬁﬂﬂﬁw[-wm ]% (2-4.8)
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BT, WAV BRI I ARG 3 A AR B
Hix)= H{x)- 8x)+ Hylx) &)+ By} Silx)+ How)-0,fe) - (249)

(2-4-6)

LS

(2-4-7)

MIQ.

K 8(x)=6(floor(x/d)~4- floor(x/d)+1=i) (i=1,2,3,4), &{x)BH—H
delta B¥. 5 G, (i=l, 2, 3, 4) MNHEIHRER £ =Sin(0',--fr/2)/(a,.-ﬂ2)

(i=1,2,3,4), EH o,=2-d/A, (i=1,2,3,4).
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2-4-a. The Fourier spectrum of H(x)
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TRGAELHICICER IR, fA RECAT SRR R L B SEmIR K, AR5
FRigfEp, REFEBESBLMER, GIITRBERSES, ALK
B, REAHAREEL, METEENRE, BRREMNH SR, Rig
Fejer B95r#r, MREMNABEHSHRULENRE, B ABIEAT LY
By ik 1 78 BT LA PSR B A R 2 8 SR R R

5€'='5"ZS‘7‘?%A{£E_I (2-5-1)

R LRASMRE. ELFRES, CHREEEQHIT s BER, XM
EHLERESTREE, 3 FSOULIELRAEBRLTE, ¢ AT RN
EaE K,

AR FERBR—MNERTRENR I E, FIBEHFE RNTUE
BHELS R B PORE, IR L AN AR TURREFORES, BN
B AMER T RR AR R & Z B WA TERITRUZ ST REFR
T2 100 3 e o R DX MR ) T i

e, TG fE 505 RS AL 2 808 SOR IR 1 o6

Ak (1) = ky{r)- 2k, (1) (2-5-2)

A} = ks (1) = e (1) - K, (1) (2-5-3)

RTRAIRABN R FEEEREY, BRI EESE B TR IERRE
4 =148°C, 1,=152°C, RFEHIAINIR

2x

A, = —= (2-5-4)
I N‘l(’l)
2z

Ay = 3-5-5

vy @59
AT ERIE R = 150°C . SFH KR
2T

N ) @29
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sl ol
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TR AR SR P A R 4 B SR 4
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Q.]d Q-Eﬂ
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BT, TR B R S M AR R R B
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K
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;V:
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.0y 1
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(2-5-9)
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(2-5-15)
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7=t [ule) (3-1-3)
nct )
2 2
o n(,=1}”* ;”2 , FESEE k‘,=§-nu, W2
#lz) =gy +k, -2 (3-1-4)
FE
E(2) = 4(2). eftor-h=-) (3-1-5)

LA b SRR AR LS B G T B R I (AR S R Y D R
RBon, SSBAN B, BRAFHBERT S RO RN HETURFERS RN R
b g, WEHRRKE

it =) (3-1-6)
2
BT R, RIS P AR BT UL, (LB RIS Bt

4 e e B I8 B O SRR

An =

k =—‘§-n,, (3-1-7)

P A [6i) 77 i) 5 345 1) BB IR A 24 T LOAR IS A AR, AN ATHEZ RIS FTRERT
Poo HEEFHBORNMUE, ARATRZHSRERS, S TEBREEE
Pk B RO R DB R R BN P ) A ) A AT AR 2 [ i S 245 R
L FATHEMHTERARDR —— X R, SHNRGFRBHEHT
JEF B WA HE— Q5 5 R R, SRS e B R Y F A
MEREAE. T, RONEFBEL—HAFNSRA TP LIRS RS
BRANE, WARR, KIMGSEN R EER AT HmME, 8
R L, Bz,

3—=2 —HEATHIRM AL R NGRS B R T 2
—HE T AR SO B PR R

d*E(z)
d=*

+ a0 uee(2)E(z)= 0 (3-2-1)
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N RBRH z HH—ERENBH, 2lz)=¢, +Ac- Flz), R F{z) RIBHIEH
AR, —HES TR LR MBI, KEERE. WA, A, &
—HEMER NN OSHRE. i, RIVERTR— A TFHEME M R4S
1, ARG LR E I ERE
Flz)=Y fo-¢* (3-2:2)
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~ R T BRSNS, B HE T B AR AR AR R
i,

E("-)z At("')’e—lkl: +A2(2)‘em‘: (3-2-3)
BL k=2,

¥ (3-2-3) RN (3-2-1),

2
«2ik~ﬁ‘--e'i"“: + 2ik -‘—Jﬂ-e"k'z + [2) -AavZfG -(A, en-Oke A -ei("'(;)")= 6
d. dz ¢ G

Z
(3-2-4)
EEPHERNE
-4-—4‘— =~ik Ay LgtE
dz (3-2-5)
dz
o x=f-fi-fc. Ak =2k-G
EEWIAFAFH A0 =1, 4(L)=0
.8 s-cosh{s AL-c)+i- ak -sinh (s - (£ - z))
Alz)=e 2. AZk
s-cosh{s L)+i- 5 -sinh(s-!.)
ak (3-2-6)

i ~i-x-sinh{s (L -7))
LY
s-cosh(s-L)i-;-—z—-smh(s-L)

B os= [k’ —(é-k»Jz
2
BES L VR E PN op
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E—Lv- =i Sy -2
E(ﬂ:are(z }+@‘e(f@ (3-2-7)
T
A g = : 4:‘Ak > b= : 4'Ak
s-cosh(a--L)+T-sinh(s-L) s-cosh(s-L)+'~2—-sinh(s-L)
5 i
G (G
i| —+is ——is |-z -2~
E,(z):a2 e(2+] +b, .-3,[2 s] (3-2-8)
-..f..’i.e’r'L l;f e_ +L
;iq: a; = b, =
Ak Pt '
s-cosh{s- L)+ '~2— -sinh(s- L) s-cosh{s - L)+ %A; -sinh(s- L)

R AT LA B — M T A BT RL B Bloch B4
2
K@__¢Hh%(MJ (3-2:9)
2 2

=3 —H4EX P B A B Bloch IR
HREE—4E ST H AR RS A 12155 Bloch KR

i 2
K(a,)=§_¢,-\/(£.éi.fGJ ..(%.,,u_% (3-3-1)

FeATI5E LIRS F H R0EE 4 487 &4 Bloch SR KIE MAS N SRR T, Xnd
AV BIRY R BTIETT b R

2 2
(W E%?%%HHW%?%%$.(ﬂn;9)<vﬁm. },
c 2 c 2n,
G @ Ag 1 ¢ ?
Re(K)=—2-r m(K)| = ‘{[—— faJ —[C';:——z“] (3-3-2)
2 2
(2) FETFHEM BT FHh, (—--n —%} >(g'2dg'fc} ,
¢ 2n,
2 2
Re(th—:tz‘j(c: ;n“'- fc) -[%nﬂﬂg) . Im(K) =0 (3-3-3)
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Re(K(w)}

K.(w)

Bloch vector K{w), K w){a.u.)
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0
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3—3. The dispersion curve of bloch wave vector K(w)
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T LL18 3 Bloch I KM i%iH 2

(3-3-4)

—4 —HEF T HBRMH B 451

A (3-2.9) 2, ROTET LB — 4 FRRM AL Bloch BRI PH
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~i-k(w)- sinh(s{w)- L)
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& 3-5. Transmission and reflection spectrum
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A(z)=e 2 . AZk (3-6-1)
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R, BATHERMEHCERE LG RERES () L= 2 0,
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4—5 E8 —~EHE S kP ) 8 Polariton FIff Polariton
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