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Abstract

With the developments of modern technology, laser sources with wider
ranges of wavelengths are needed increasingly. However, a large number of
attractive sources of coherent radiation are either directly unavailable from
present-day lasers or necessary for a more widely tunable range. In recent years,
nonlinear optical frequency conversion has attracted much research interest due
to its ultrafast response time, lower noise, simpler structure and functional
reliability. At present, this method, with the great significance and applicable
prospect, has become not only the most all-pervading and effective way to
broaden the wavelength ranges of laser sources, but also the effective approach
to achieve the efficient, compact and robust solid-state devices.

This dissertation discusses theoretically optical frequency conversion in
optical superlattices and an annealed proton exchanged (APE) LiNbQ; channel
waveguide with a quasi-periodic grating. The optimum conditions have been
obtained for highly efficient third-harmonic generation (THG) and for
simultaneous generation of efficient red, green and blue light (RGB) by use of
focused Gaussian beams in optical superlattices. The profiles of refractive
indices and modal fields in an APE LiNbQ; channel waveguide are illustrated.
Then, the dependences of THG conversion efficiency on modal interaction
length and the fabrication parameters of this waveguide, e.g., width of mask
opening and annealing depth are presented. In addition, the acceptance

bandwidths of fundamental wavelength, operating temperature and width of
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mask opening are also given. The dissertation consists of five chapters, and the
main contents discussed in each chapter are summarized as follows,
respectively.

Chapter 1, as an introduction, introduces the significance of nonlinear
optical frequency conversion and concept of dielectric superlattice, and
demonstrates some advantages offered by use of quasi-phase matching (QPM)
method and/or optical waveguide in nonlinear optical frequency conversion.
Also, the objective and meaning of the work in the dissertation are clarified in
the chapter.

In chapter 2, we report a theoretical analysis of THG by use of focused
Gaussian beams in an optical superlattice. Since fundamental wave is usually
focused into nonlinear optical materials to improve the conversion efficiency or
signal intensity in frequency-conversion processes, it is appropriate to describe
theoretically the coupling waves in terms of focused Gaussian beams. Thus,
following Maxwell’s equations and using focused Gaussian beams we have
derived the coupled-wave equations governing THG Numerical calculations of
the equations are catried out under confocal focusing condition. The main
results are as follows: (1) the optimum condition for maximal TH conversion
efficiency is a/ff =245, Ak L=0 and Ak,L=-3.9; (2) There exists
a wider ratio range from 1.45 to 3.45 where the higher conversion efficiency
can be maintained, which will lead to a wide fabricating tolerance and hence
make fabrication of domain structure easier, and (3) unlike the results for the
plane-wave approximation, for focused Gaussian beams a negative phase
mismatch is necessary for efficient THG owing to Gouy effect.

Chapter 3, based on the method described in chapter 2, deals with
simultanecus generation of efficient RGB by using focused Gaussian beams in
an optical superlattice. Utilizing two coupled QPM processes, i.c., parametric
and sum-frequency processes, we have obtained the coupled-wave equations
governing RGB generation. In the numerical calculations, two special cases,
Le., confocal focusing (L/b=1) and L/b=2.84, are considered, respectively. The

results show that (1) for the case L/b=1, the optimum condition for generation
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of efficient RGBis &/ f =357, Ak L=-99 and Ak,L=-8.4;(2) for
the case L/b=2.84, the optimum condition is a/ 8 = 2.60, Ak L =-19.55

and Ak,L = -8.5; (3) the reason why 2 negative phase mismatch is necessary

for efficient RGB is given according to Gouy effect, and (4) how to determine
the fabrication parameters of a superlattice is shown from the given optimum
conditions.

In chapter 4, the properiies of an APE LiNbO; channel waveguide,
including the properties of refractive indices and modal fields, are given, and
the wave equations governing quasi-TM and quasi-TE modes are derived and
the scalar finite-element method whereby the wave equations can be solved

numerically is introduced briefly. For wavelengths A =1.342um, 0.67 1um
and 0.447tan, we present the dependences of refractive index’s increments

on the width and depth of a given waveguide, respectively, and depict modal
fields in the waveguide and their contours. Moreover, we obtain the effective
refractive indices of Oth and 1st modes.

Chapter 5 is devoted to THG in an APE LiNbQO; channel waveguide with a
quasi-periodic grating, Starting with the transverse Maxwell’s equations, we
have derived the coupled-mode equations governing THG in the waveguide. In
order to acquire a high-efficiency THG two reciprocal vectors provided by the
quasi-periodic grating ar¢ used in the theoretical analysis of THG to
compensate for the phase mismatches in frequency doubling and
sum-frequency generation, respectively. The numerical results show that (1) the
optimum interaction length decreases as the fundamental power increases,
indicating that a high power density in the fundamental can speed up THG; (2)
TH conversion efficiency decreases with increasing width of mask opening or
annealing depth; (3) the acceptance bandwidths of fundamental wavelength,
operating temperature and width of mask opening are 0.12mm, 0.74°C and
0.48an, respectively, and (4) for efficient THG, apart from a large nonlinear
coefficient and QPM conditions, a large overlap integral between the coupling

modes is required, which can be realized in a microstructured waveguide.
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HEE (r,x) 2% x TRHBEES, ke, ABR, @, WFEEE. EE
ek b8, DB A RBIERE QPM AT E P E R HALIAR
[31). ZBM=RIEHEF=HE(THG), WRATTEMSELE, BB
T B eo+teo -0, » o,to,-ow, B = A % H 3 B
W)~ —> D, Dy — @, > W, -, > @y FNEFESBRK_M
FEL AR AL B K

B =26, d(x)(E,E + E,E}),

B = 250d(x)(—;~ Er+EED), (2.14)

B =26,d(x)E,E,.
ERARH, HEH o, 0, o, OEEBEHTHERS, FETIESN
WAL, IXLEIRRMARICBAF AR AIRST R, 25 S5 rIEk
ifF.

BAHEQB. CLkYRAFTEHQ12), FHE T %IF 4

@*E,| | dE]|

= <<k, y RHBR=AHEERENEEEFE
o |1 ax]
2
V1E, - 2ik, %% = —%g'—d (R)[E,E, exp(~itk.x)
+ E3E; exp(—iAk,x)],
2
V3;E, - 2ik, o5 _ _Ea% d (x)[l E} exp(iAk,x) (2.15)
Ox C 2
+ E,E; exp(~iAk, x)],
2
ViE, -2ik, a—aii =— 2:;3 d(x)E,E, e?{p(iAk;_x),

R dx) BRI EROIE LAY, c RESHILE, »

u



2 JedeHl S R AR B S MR A

BREE, Ak =k, -2k, My =k—k, -k KEHEREE.

2
Vi =%§(r§)+%%%ﬁﬁﬁ%ﬁ%ﬁﬁ, RIF BN 3 V2 AR

T .
A B SRR LR R R, 2R T LR R A b 36 R — B i A £k
ik hni4, 5], Ep
Ny
E,(r,x)= LB, (x)u,,(r,%), (2.16)
n=0

Heh B, RRFFRE, u,(r,x) i /R— RN, TR A AT B
iy, FHEEEIHAEAR A HRNEES R bl6], B

b=kw;;, @.17)
W, (r, x) TRAMT
ikwo (=g’ Y (2
u, ==L L|2— e *, 2.18
Jn mq g J n[ W? ( )
QAT L,(y)=¢ d%—(le’; =n! é(—l)”‘c;"’"%j‘g n(=0,1,2,..., q)

2
i /5 5 A q=x+i%%§fm$¥%, w,:wwm %
Yo,

x REEERAEAR, Wy, HLRIERE.

SFHRN 0,0,(=20,) M o,(=30) HEMHEHERKE, &
QINHRAE

Wy # V2w, ~ V3w, = w. (2.19)
ETTRQISMRBHER, XRFHH2.16)8 n=0 T(1, 6], &I
E, =B (X)u (7, x)= B, (x)u;(r,x), (2.20)

XEBRFRH Bj(x) = Bjo(x)= uj(rl‘x) = ujo(rs x) J TR i SR — R
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2 REEREPRARNARNZRIBRTE

BENETED), H2.18). (2.19

Wo(‘ i) -
U; (r ) \/7 Wo(l lg) » J = 19233’ (221)

2x
&= 5 (2.22)
BEHBRIEQ2DAFLERX T —HKER, B

Oju; (r,x)u,(r,x) 2mrdr =1. (2.23)

B 220 RRATHEQ215) » BHFERAET LY (x) 7 B,(r,x)
PHER. EFERQISNE-NX, 8

B [V;rul - 2ik, 1] 2ik, .‘.ii =—2-w—1d(x)[B B u2u1 -tAklx
dx ¢t
+ B, Bouue M),

BTu, REZBEZGTEN IR, ERTOKEMT, EHIFH

Ou
Vi, ~2ik, —L.=0, FiULERB.

dB, i -
Ex—u, —zn—l‘cd(x)[B ,Bluyue ™ 1 BB ule ™| (2.24a)
FIZRA K8 5 5
EB—%;Z —l—z—d(x)[ Bu2e™* + B.Bluu'e ™), (2.24b)
dx nzc F i i i | ’ '
dB . i ’.t
ﬁuz, = _lfcd(x)BzBlu"u’e tar (2.24c)

A, RYTHE, HRQ240) B RARLLu, 5 27 rdr 814y, {EBIH—
th%&4R(2.23), 18



2 SeEE RS T RERARR =R &

, 2 * —iAkx
=—] 373 —d(x)[B,B, e
a memwy(l+i6) (2.252)
+ —% B,B,e "],
BB T
2
% _'n cnyzw i )[_;IBzf e
2 0 (2.25b)
2 B3B —IM;X]
NCEUT: ’
9B, _ @ d(x)-= BBz gk (2.25¢)

dxr  merw, o 31-if
TR R, FREREREJ()E « MABNES, 8k
S R BB IF[7]

d(x)=d ;3 f,e, m=123,., (2.26)
2 .
[, =——sin(zw mD),
am

Ziz'm
G, ="
A

Hid  RBRENFROEEEREREG £ G, BIR M REFE

BR; D REFL, WEBRESAMAZI. B8, EHRgHREES
HEERAHLEBLHE QPM FM4— MK KR EAER. WiQ.26)
APX RRIX—TIA(2.25ac), FHETHEERES K

n.
4,(x)= JQ—TB (%), 2.27)
i

[ad, 4 e ™ + B4, A;e724%],
241 3442

8583
d4,(x) _ _ i
dx Nb(L+i&)
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2 e R P ERRAE RN S KB~

day(x) 0 1 A e o A i
T o [—alL g g BT itk (2.28)
dx @[2 1-i& ﬂ]+i¢’ ]
dAE,(x) i iy x
=- A, A, e,
dx JE(l-ig)ﬂ‘ ?
xE
Ak =AM, -G, =k, -2k -G, (2.29)
Ay =AM, =G =ky—ky -k -G, (2.30)
@, @
a:de fm Ak ]
o (711:‘)3111112
2 3wlw,n
____d ) 1%2 3.
p 3 /. (7zc)’ nyn,

AREQ2)MAERERNEMIEAT, #RBEH P THG s
Biifg. Bx<<b B, &0, HHBRTRT FEHEEUTHESHE
T E[8).

TR =R R R R R E R R NE,

R$E(2.28) 7T LI H

S 4™ co) $God" CC)=0
oA ——+0C.0.)= —4+ L. C.)=
29N 2V :

Bl

3 d . . d 2 2
L Lay=L% 4 =0,
27 (44) dx,—éf’ |'=0

FREMMESRM: 4(0)= 4,,4,(0)= 4,(0)=0, %

3
E]J']Aj]z ZIAIOIZ’ 231)

A + 24, + 3, = |4, (2.32)
FREE3NI2IDE N =M B E TR BN ETENR.
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2 RFEERTEERF AR IR

R FE(2.20). (2.23)12.27)F] KB INE R
Pj. = %aocnj :[EjE; 2ardr = %soca)jAjA;. (2.33)

AR = RS R RiE
P A

m == j=t
"Ry Tl

KB Ry Ml Ay 5 B AZEB SR Th R A LA IR RIE .

2
, (2.34)

2.3 BELFERITHE

EHERELMHT, MRENKELSTHESH LN, 55 EYHE
15 A4(0)=4,,=1,4,(0)= 4,(0) = 0 BB L=b=3mm, WBEHE
(2.28) AT HAE T H .

HEHHEPRR, ZRKEBRNEREERNUBR S ERa58 L,
T LR EAE AL R F Ak, L FAK,L o ROt BRATER 0.3 ~ 10 1k b
REEM - 45 ~ 45 B RARL R E, DHIMEREAS Rk SR
HMERBEFG GEREAT R ML o/ BB 4, RE AL LAk, LS
HABUEE, BEN=RISBH B RERE; Ak L AL LT —A %
F, A~ E-33~39WENEE, =HERERNETESAT 40%
Bl E. Za/p=245AL =0RAk,L =395, ditEEA=kikg
BHERERT 43.5%.

B 2.1 BRTHERIMEET, HRAREAEERLENTHER. A
BPELER, SRR RYE/LTS5HEERKERE LmEn,
ARGEARBEBRELIN B KNME 485%. B ik
alf =245, A L=0MAk,L=-3.9 RIKEEK = R u: 5 HOog 2= i
BELE.
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Fig. 2. 1 Variation of conversion efficiency with the
interaction distance under the optimum conditions.
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AT BEREREEMS, B 22 N 23 S54H T HHREERE
NAREBERTF AL MALBEAXE. B 22 RHLREH
af B =2.45Ak,L =390, ZRiEHEMEMEEET EIAE AL =0
fbo M, B 23 RAURFa/f=245AkL =00, ZKiERENE
R AT LA Ak, L = -39 4. Xit—SUHALREGELREA=
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Fig. 2. 3 Dependence of conversion efficiency on phase
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Fig. 2. 4 Variation of conversion efficiency with a/f for
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2.5 $LBI T FEEEMT, MABTITE(AL, = 0,Ak, = )=&K
WHBE KM EERSRENLETh., ZBHY, B HRSRRPRT
MBI RDRAE, KR =0.88588, SRR REL
ET 100% [8]. ATEFHBEEMKERILE, B 26 HH7T
AL =0,Ak,L =0, BERFIRNERNEERES R B ENT®.
GRETFHBPHEUTHEABNAR: 35 QPM &M 2, £0.3~10/
R A IR R R B A RE 1T 20%. KB WREF TR LR QPM
FHARBAEFIE, MRUHE —ENAMA KRG AL,L =-3.9),
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Fig. 2. 6 Variation of conversion efficiency with a8 for
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KEBBEERRESAE
KL, FAEERTE

—AMNEEAYE., SHTREERTECTME. BoLiTH. BOCEST.
A FRERME BRSFRFEENH. BILJLFE, MR ETrCEN
BW. BN E, BRF—VEERWHHEHTUELTL. KMERGB)=
PEAHFEAMESTAS. —MESHE RGB Ml M2 EENL
%, AU LRPREEEEEM, WESIARRAE TRERDEL
FEERERHEN. THETFERENESERASREMRERT ZERRL
. Eik, FIRIEGHRENEEERIRX—HFEFRAARG .
Hirf XX A EATACHRE[-3], EHFPEXRIE, WEXRS
REREEAERILLABREBE2], XHER RGB BtH HERFIM.
A, MER EHFR—-TOMRBEENEERFEEEXN. —&HF,
SHMEERRMERERRRL, B FARERERRERRN
£, BIES 2 ENERTE, 2ENRE—AREERET, ARERN
FeR L RGB B4

3.1 MEEHE

EZEBELTHBENTEREHTFHAN RGB 4 Z2ETE
@, > @, + O, KA R 0, + 0, - 0, WRERFEHAIESHEK
SR A =532nm (FH)M A, =63 1Inm(4L), Wil ERERE, fh
FEEBKA A, =339Inm WA ARBER A, = 460nm HIEF . BEEH
(v TE

AT R A G LN, LT 5t KTP B KRS R, EF
RAUTREPLHEELERT, BEERAREEE x BT E



3 FERETRARNA ML, RERN=E

%, MR, HotRiEh
E(r,x,0)= —E (x0T L CC, j=1234. (1)

HP EYEBRRRYEXEFERQ)PHHEA.
(NH IR, RBIEMARRER. NN EMES RN M
PEARALTE 73 B R
R® =26,d(x)(E,E, + E,E),
B? =26d(0)EE;,
B® =2¢,d(xXE E, + E,E]),
B® =26 d(x)EE,.
EAEGD CORARRME B HEQ.12)HF BHIBB /LT R4], T
BHMR ERAN T RS B

(3.2)

vE, -2k L 2‘”‘ 290 G )E, Ee™ + E, Eye ],
ox c*
2 0
V2E, -2k, %2 = 201 d(x)E Ee ™,
ox
O, 20;

VZE 2k —a——:u__d(x)[EEe—lAklx+E E —lAkzxL
X c

(3.3)

V2E, ~2ik, 2o = 2% 4o g g ot
ox c

EHA) RFEAELBFRERE, AL =k~ —k B
M, =k, ~ky ~ R BRI, VERREHERIEN, ¢ RAZFH
k.

HERIAR, FHEQRACHIHE Vi, ~2ik, L = 0%

X

dB ) i —itkyx
aiu, :mz;z-l'zd(x)[BzBﬂzua ¢ 4 B Bluule ™), (3.4a)
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3 REHAMEPREFFARNL, RAELNSE

_‘_iﬁg_u ——z—zd(x)BB e itk (3.4b)
dx n,C
B, v =i O ACOIBBuue ™ + BB g e, (3.40)
dx nyc
4B U, =—i D4 g (x)BlB3u1u3em‘2". (3.4d)
dx nsC
HEEF 0, RIS R, u, AFRE R SRR, HRIAXHQ. 18K
2 1 g
L= [— e / . 35
U; \/;woj(l-—lf) ¢
FIRQE.S)HEMIERH—XRQ2.23), AIHEQGHPHu,, FLF
4B, _ i (x)[BzB3e"N‘;"G}u; Uyt 277 rdr
dx nc 0
. (3.6a)
+ B, Bie ™ [uluu, 27 rdr],
0
B, _ =i g (x)B,B,e -ish | f u s 27 rdr, (3.6b)
nyC
4B, _ =-i% 4 (x)[B,B, itk | ju1u2u3 2z rdr
e (3.6¢)
+ B, B e | u; u i, 27 rdr),
0
@_ =%y (x)B,B, ek Iulu3u: 2z rdr. (3.6d)
dx n,C

BN HEERRRTHRARLESHS, 6], —Hki, REHAE
R B SRR XL R A D RBRENEG, EFL EMRREAFES
R R EFFT]. BEAQIDIRE

W, & fglwo,, j=234 (3.7
i _
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KEw, = (’f—; SERBRRELR, SAG.5RG. AR TR
1%

i
= * % 1 2n.@.,0
2rrdr = —— 3.8
Ju,uzuS Ve beo, G5
° 1 2n.w,@0
u, 2rdr = [t bt 3.8b
St 207 =TT e, (3-80)
© 1 2n,m,0
Wty 2mrdr = 23 3.8¢
6[“1 25 1—i2\ mea (3.8¢)
a}u;ul% 2xrdr = 1_ 21,00, : (3.8d)
0 1-i&\ mbcw,
KRN ERG8)ARABS), B
dB, .0d(x) . (200,00, BB, s
=— 3 —€
dx n,JB cre, 1-i&
) (3.92)
4 2)1;&)10)3 B4Bi3 e—;‘Ak'zx]’
\) cro, 1+i&
dB, __ a)zd(x) 2n]a)2a)3 BB i (3.9b)
dx nz\/B ¢’ ma, 1+1§
dB3 . wd(x) 2n (ozco3 _iAk'x
= —j B B¢
n3J_(1+z§) c’no,
(3.9¢)
+ 2?2310)1&)3B B —:Akzx]
\] crw,
dB, _ _ .@,d(x) 2nla)1(03 BB, v (3.94)

dx - np/E cCro, 1-i&
FHF GRS BB d () ERMARRRE B R, HRFR
(26T BB ERQ2INRAGY), BEHEI
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dlé 3 IM}: A4A; — it x
a4, __ vy gLl i) 3.102)
dx J{I @ ﬁLwé ] (
dAg l A A3 ~ifkyx
-2 3 3.10b
f 1+i& 1+if " ( )
dA; —fAkx —idkax
ad Aje ™™ + PA, A 7], (3.100)
Jﬁ [ 2 ]
dA ] 4 A3 1Ak x
=, 3.10d
Fifgs
2
a =08 51, [—5—, (3.11a)
7C Ry
2
B=wwd,f |-5—, (3.11b)

BE S G, AEIHREERE. REEUFECIOBEREYE
e

d
ﬂ}f{A” (3.11)
mAThRFAR(2.33), WHENERNEN.
P w. Al
R Ry § v 2 12
g By o |4y G2

KB B A, SR FER AR AT RA LA AIRIE.

3.2 BELRANR
E A,(0)= Ay =1, 4,(0)= 4,(0)=0, 4,(0)=0.01,5 = 6mm ¥} {&
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Fig. 3. 2 Dependence of conversion efficiency on the phase
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3.2.2 L/b=2.84 f&EL

Boyd % [10]# Guha E[7]1C & E B FAPI AL RES LR
FIRE. fafilfedl, HAERERER - MRFHRERY, ETREEN,
BRERELMIE Lb=2.84 &b, Ak, TERITIHSEX &M FHH RGB
A=A, RAMDE 321 FREMILENECREEEARIRESR
. HHERFHXMELANEER G al/ f=2.60, Ak L=-19.55H
Ak,L=-8.5. B 3.6 RRWEBEZXMHFMT, HRUENHEERKE
KRR R. TTLVE S, ENRERMAEERKERE AR LA, &
KT WEIL S 26.7%; MBS ME I E D5 BIK B 352%F
351%, MILPFRALIHEH. E—FERAXERERSTHEEMLL
MRET: EREBRRLCTSERENTRT, O HBIERN
ik, WABREBREERRS.
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|4k L =-19.55
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Fig. 3. 6 Variation of conversion efficiency with interaction
distance for a/$=2.60, 4k L=19.55, Ak L=-8.5.
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Wi, B 3.7 REMHMEMCKLRRALL=-19.55Ak, L =-8.5FRTHIE
R. NEFEF, LERE21~3.0CEAN, BEXMHNEREED 25% L
b, L SOt BEREEREOREGN RO R ERRRN): WELE
2.60 BTiEhf, HIL RGB MEEHIH, X5 LS HNRELAHE—.
Bl 3.8 R QPM BN AL L = ORI AL, L = 0% TR, BFER, thEF
al B=1T0KEN, CXMEARETRENE, EEXAUEBEE.
FEUEAEESEIE AT RGB ¥, ZERIIE—RET, £EERTLHE
RI&AT, ELIEME RGB i H AL ARSI fURAE AL 8T

WRIE L ERINBERS, HEENG.11). (3.12)7 Sellmeier HFE,
AT LU S TR 77 3 R B G AR AR (B30 LiNbO; BR LiTaOs) K91 % B 4L
BRSZEWD =05, ATRRELEE, NSEIBERA-NEKE.
3] ]

, -99 =
Nk L=k~ k — &y - 25y = for Lib=1
A ~-19.55 for L/b=284
(3.13)
2mz -84 forL/b=1
Ak, L=k, —ky -k, — =
fol =~k ~k T {-8.5 for Lib=284 (3.14)
m = 1,3,5,...,
. . L/b=1
o _ @ ne 357 JorLib . (3.15)
yij @ \n, (260 forL/b=2384
Mk, =on,/lc=2rn, /1, THHEGIC19ESH
-99 L/ib=1
ML(ﬂ—fi—n—?‘—lﬁ Jor , (3.16)
A A A, A |-1955 for L/b=2.84
2@(&_3}1_&‘2‘): -84 forL/b=1 ,
Ay A A4 A -85 forL/b=2.384 (3.17)

m =135,..,
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A (n, |3.57  for L/b=1
m— |—= :
A\n, |2.60 forL/b=284 G.18)
KB En, =n,(A,T)H Sellmeier FERKL. XHFLEHm (Fl
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Fig. 3. 7 Variation of conversion efficiency with /8 for
2k L=-19.55, 4k =-8.5 and L/b=2.84.
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Fig. 3. 8 Variation of conversion efficiency with a8 for
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1B R RFRZRE LiNbO, RSB
SFHAGRESIRITAZEE N

FELEJLES, ET LINVO; ESEWHLEFR4EThN B EH
m, EAMEFERT T ENER, A RE T A3 5
TN FITHREBRIUTHR LB RN, IR, B,
ROTBOLR RS AETEREAME 7. XERtR-ENATE
A, WBE. ERETR. ABETH. B BRBRSHH. B
B, EUT A HELER THSHBENERL): ()EITHE. %8
¢+ 5N REILEERT HIB A En LiNDO;, W SBOLE, OB E
SHEAIR Q WA 4% Nd: LiNbO; # Er: LINDO; ¥ SB6%,

BHEEWHMHITESE LINO; KR, —MEBWCS 4R
B AR, BN 1982 4 Jackel[2]H IRIE K R F R BPEH A .
HHIEML, PEHARR—/MRESRE, AHEME. RENEL RANE
PE BRI % ) LiNbO, I 3 RA R AR 47 5t 8 B (An, = 0.125
@632.8nm)[2-4]. BERMFUOEIT RN FCRERITSIEES. . HEFPER
AHIEH LiNbO; HRFIMEAELE —LENHE, MAXEN TR, £
WD WE. FHBESAFRTE. MRS 1 SHATE kit
B, MERTURER EIRRE, TR R AT, AR
HHFHRS S

YRR 5 TERIERY, AT 1o 2 A48 PRI KR T 25 e 145 1 LiNBO,
BRI B R R,

4.1 BARFFAER LiNDO; Yok St
BT PEERIE KB FE LR RBIRIBE A, Ickernell Z[S1R 1K



4 B AR T MM LiNbO, bl SR E MR F RN

THSE, MERTFARERNES, BE—ENRERRSE 0, HAH
BK—BEHE] . BGOSR A R T RSB, REEmE
e, 10 EB S BIE RNR B AT (AR VT CAR R i T o A 6 2R A
REEER, €8S TR E00 BB KATHI KR A AW 4
fii. XFEIER TR ERRR N B KR TR HIE(APE ),

BEFRHBFERFRAETR. AR, RZER06]. C°R. WER.
TABRE. KPETFREFH. #RRANABNRTERS, LIIAERERE
FEUR, BT Y B SPERA L. hERNMTRER A

LiNbO, +EH" — Li HNbO, + ELiT.

E—ERRET, T®R—EREE, FEERNITHEHEEMD, FELK
PR RBTED . SH, EXRRRER T —MSHROES. ERI3EL
NEEHSSTERNRALRLEEY, MERSSHRATERTE
&, Bk APE LiNbO, 3 3 R A58 3R 5 St MR . X Y1 Y ¥787 LiNbO,
B3 RAEAEHE TE H, Z IR R eeteHE TM . IXE W APE LiNbO, i 2L
Ti: LiNbO; R A & LIRSS i T 53R 0 A i vk e Yol SSEI0
—AEERR, %FDEITE APE LiNbO; I BRI 5 R 0.

X T QPM SRS, BER LINDO; HE N Z 11, X FrEEk.
AERFRBEAR S RAEHAE—H(RE 4.1).

CH

Ree=crcn
WEE, K CH, CHABIN Mk H MR BER Li' 7RIS . #R3R & AR
H{E, APE Li_ H,NbO,RAEHE=F4E7].

A APE LiNbOy( Li)_ H,NbO, )™ I3—LHI AT

a phase: p,=1; 0<&E<§& =012
B phase:p,=1; 0.56<£ <08
5.3—5 é:_ga .

1 Pg = >
& =& &=, (4.1)
0.12<& <&, =0.56

a+p phase: p, =
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4 BTSN LINGO, it BAHEMIF BT RICF RN

APE

/

y LiNbO3

J

z

Fig. 4.1 Schematic diagram of APE LiNbQO;

B e SITHEMBES — N RETHIRET HRENSERE,
T AAE K SRAEE AR KB R, SRR RS K 74
B5\—WRF HWRE KR T URRH(8)

a phase: An (z,A)=ab(z)p, U, (A); 0<E<E,,
B phase: An,(z,7) = (Anem) - ﬂ%gsl%ﬂ]pﬂlfﬁ ()€, <£<08,

0T op
a+ B phase:An,(z,1) = a&(z)p, U, (A)+

)

{Ane o s JpﬂUﬂ id<i<g,
B

HFAn, (A)HESRERANITHZHE, o § RIS HLREE,
U (A, Ug(A) 250k o 870 ARSI T KA EBETF, B Sellmeier
TRERTRAFEPSHAE 4.1)[8)

i

B.
U =4, +———+DA2, i=ap .
[(A)=4 —c D i=a,p (4.3)

SFa+ B, EHESS
Upsp(2) = PU,(A) + p,U, (A). (4.4)
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4 B KT ACHM LiNoO, i Btz BE Ryc ik

Table 4.1 Parameters in function (4.3).

Phase A B C D
a 0.78912 0.06293 0.07852 0.048
B 0.74745 0.09443 0.07134 -0.084625

APE LiNbO; %1 G5 e R 5 2445 25[9,10]

n(¥,2,4,T) = ny + An (A)g(»)f(2). (4.5)

_erfl(w+2y)/2d 1+ erfl(w-2y)/2d,]
2erf(w/2d,) ’

)= erf((h+z)/d,]+erfl(h-2)/d.]
2erf(h/d,) '

Etrenf () MREES k& SRR FF O R,
h=2/D,(T)t, WETXHMERE, D, hEFRHT T 8RN, 12
XHWE, LREARFEHRMBE: d-2/D T, M

g(y)

d, = 2\D,(T,)t, HHIRBIER y Mz HFHMYBKE, D, D, 4
RABKIERES y F 2 FRKERYT HAR, ¢, BBANE, T, REBAH
BEE. n, K LiNbO; AEMIEFE IR, HETH Sellmeier HIERHH.
An,(A) ARABRKRITHERE, RERWT:

An, (1) =U(R)-An (A = 0.633 um). (4.6)
HEKA=0633um iy, WELTRHEEFEHUA) H—4, @
U,sl,Upnl, BBBRABH S % a=005,5=002.
An, =012 (REAL R KRE). BTXEEHE, B@2)XkEBEEHEG.0ED
i1 An, (A = 0.633 um) .

Elit APE LiNbO; I FH e SMITH R4S AT RIEHFR4.5)F1(4.6)
Kt
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4 BARTREE LINbO, A SR ERNFERER &N

X F o #8
n,(y,z,T,A)=n, +0.058U (1) g(y) f(2); (4.7)
Xt B

0.8-¢
0.24

n,(y,z,T,A)=n,+(0.12-0.02 W, (D)gn)f(z);, (4.8)

SFa+ S
n,(y,z,T,A)=n, +[0.05&, +

_ 4.9)
0.12-0020-5)p,10,,,(Dg/ (s

BEER TP LiINbO; # M8 R FHTE (A 80), HE
@A ~ANFIP—HHEFREE RN

_ren - omax!
& =£(0) f fod (4.10)

LEFRARTFE, RFRRZE (FBX), BAKA—RTHRE
& ~0.8[11].

Table 4.2 Fabrication parameters for APE LiNbQ; waveguide.

Parameter Value
Proton exchange source Pure benzoic acid
Width of mask opening w Sum
Exchange temperature 7, 250°C
Annealing temperature T, 360°C
Exchange time ¢, 0.5h
Annealing time ¢, 6h

RHAEPBARTERN, RFZ%PHT 8RB
D,(T,)=D,,e 9%, (4.11)
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4 BRBF IR LiNDO, 3 S AR B R T IE I

4n (,0)

an(02)

0.040

0,035 A=0.447 um
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Fig. 4. 2 Distribution of re(fjrua’gi)ve index's incrememt for
e light along y(width) direction.

0.040

1
0.000 ———— T ——

0 2 -4 -6

, o Zum)
Fig. 4. 3 Distribution of refractive index's increment for
e light along z(depth) direction.
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4 BKE TR LINDO, X SRR R s

Hh Dy=1.84x100um’ /h AR F R BEEPHT BRE,
Q=94x10*J/mol, KEIEEE, R=8.31434J/mol K, REAKNIY
EEY. BEARNARETEOR AT ERE 2 A A0
D,,(360°C) =0.77um*, D, (360°C)=0.7D,(360°C).

AT HREMHEERGAES —RETasia+ fA. KAX 42
MERHAESH, tEFLTa+fH. T @K
A =1.342,0.671,0.447 ym, B 42 FE 43 4 JEN T &F o + SHEH
FE SIHT IR An (v, 2) ERERNEE T M54,

4.2 ETM M TE B TR F 2
YyErta B e, MaFrmMBEFRHAQR.1D~24H)E
Vx(VxE)-kle, -E=0, (4.12)
Vx (g, -VxH)—kXH =0, (4.13)
XE k, = %ﬁﬁ%%ﬁiﬁ%&o SHFE 4.1 R SR, SRR A

Bk RN

n: 0 0

0 n 0 . (4.14)

0 0 nri(y2)
HRAERE P — B SRR TM FHE TE i [12], MEXETR

(A12)F @ )W HIRE TR . FERN 2 AEF XA AR .
(1) #TME: b, BREHLFFT Ty 4, WEH, ~0, H, %

L. UL

Er =
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4 B KFUFTEBA LiINDO, 33 FARE R RA R T R A

H

X

H={H | (4.15)

¥

0

S x 5 IS, mmé‘%mzﬂ, XE B W, BEEVXE

AR
o 2 2
z
Vx = 9 0 B 4
326 . {4.16)
—_—— i 0
e P

EH(4.14)~4.16)1L\(4.13), &
1 9'H, LB oH,

2
+ (ks - F)Hy =0, (4.17)

ni ozt rzf dy
mV-H=0, 1§
6H

ipH, =—X, 4.18
% (4.18)

RAIRAN@GI)ERE] T™ EH R M 5, X

2 a2 p
n \ O°H, 0°H
[?] —52—2—’+-5y—21+[k§n3(y, z)- f*1H, =0. (4.19)
hERNBAREBUEHEN S8

~ A H, (4.20)

wwg()nzz(ysz)
@ WTEH: WM AREENFFITy 8, WHE, ~0, £, HE
B4 HL
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4 AR TRBMN LINGO; i SR HEAHFRER A A

EX
E=E, | (4.21)
0
#(4.14). @16)FI@2D)HEA@.12), B
2
% “ﬁ 4‘(3‘2 2-BHE, =0, (4.22)
&
HV-D=0, &
oH
E 423
s (n} £ “2)
EREAD)RNA22)FEENE TE B9 21718
O*E

¥ az 2.2
'““é;g“i‘(nx) ay +(ic ﬁ)E =0. (4.24)

TEE20P A En,(y,2), FTUE 4.1 FRBEHE U x HEERESR

AEAE AR L/ TE H,
FREADAE20TUET RN TE—MER

a;’ g:f +a gj +(kZn’ = pHYyp =0. (4.25)
EXPEBHE XRE 43,
Table 4.3 Meanings of parameters in equation (4.25).
Mode @ Q. e, n
™ H, n,/n, 1 n,
TE E, 1 n./n, n,

BTG SR B FCRFE T 1(4.25). ERERBFEXHE L
TR (1) ML, 18], NE—ERETER: @) HREME, M
AEARANSREREEE, QR BRI E RS0 Q) RegE,
oo B R P ML R B TR T (14- 161808 [ 25 2 S0 3 380517,
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4 BAE T8 LINDO, il SRR R R AT M A

18], XFI A E S0, RRETERNERITHE, ARG
RAREH; (4) WEERITHIE[3, 19-22], W LR EAERBE AR
Yok T, NTH EE PR AT R4, TTCARR RS ™
(R TE #)FTE MR T 2 ANES 240

Y“TmRRERITAEGLA EXRARTERTHREETE. T
— X EAER RN

4.3 HEFRTAHER N

ARSI B AR B Courant T 1943 5814 [EH B FFBE NG
MIBHTIR AR R, B EMEETER, T TRMGE
B, E AR RN RE T A, HRTERIE LR
MR T BIhIRL . 1960 4 Clough HKHIT AR A IR
Tk, BTARTELIMEAER, BRRERTEY, DT
PRI &R TR HE, mAES. WEH%. BRAE,
BURB BRI . MBS,

HRTENER: WRARARANRAFE, FERERFSL
FAAF T RS MR, AERERS R0 HEE, BokE
o R B B 0 T = KR B P, Bl — A% T
BERBOTEN R, TEHIARU)NBERTENRES R,

(1) MESTEE.25MMHZR

MESRE, WHEGENTEE3]

L= 1 IWIG 20+ 0 By ) e, 620

z ay

ZE N, =Bk WERHEITHE, WHEXXT

W=

n”  for quasi— TM modes
4.27)

1 for quasi —TE modes
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4 B KR TR BA LIND, e SR AR BT W iR A

ATLHEY, (EE 5 OL(g) =0/ d(y, z) BEFRU@25FM. XBR “5”
FRxt @ IS
TR RE(2=0) 4 AL, WNMHREHA

¢, ELZE, (4.28)
H:@, L, (4.29)
a, Oz

75 RS FAT(4.28) ¢ , KR ATIBR BRI TR EME(4.292 BENHE.
XRBHER— L.

(2) EEHITEBR S K EE

MRARTO Bl W, B E T e, st sr
BIAE BRI 0T PHEGE, ¥R mna R =A%, WMiaEEmiR,
TE=/ABEITT T

WEPMHRETE, B METHNE—SESYANSEEN

$°(yv.z)=a"+by+cz, (4.30)

HPa® b M ARERH. BUM=E 1. j 7 m BRI,
DAMRIE=AIEHAR A G E(LE 4.4). =AM b i35 &1 h(4.30) T8

/N

Fig. 4.4 Triangle element and its acmes

i

¢ =a*+b%, +c°z,
¢, =a’+b%y, +c‘z,, (4.31)
¢, =a‘+by, +cz,.

AF(¥y02,), (X Ep =i, j,m) 50 R8I, Lla®, bR HRpBR
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4 JBAR TSN LiNbO, ik SR RIF B R A fA

REMTEA4.31), 1§

(a’gf +a¢ +a.g:),

ZAe
bid’ +bigS +b2g°),
=1 b b
C, +C +C
2Ae( (97 +Cip] )
He
:e_yjzm_ymzj bie=zj—zm Cf:—(yj—ym)
j—ymzi YiZw s b;':zm—zi, C;=—(ym—)’,)
:n_y:'zj—yjzi b:x:Zi_zj :en—'"(yi—yj)

B(4.32)8 N (4.30) 3|, 15

B (r,2) = Sed + 5595 + 524,
NAMEERRA
p
p(no=[se sese) g | =151ty
- ¢
XE

S;=(al +b/y+cfz)
§7=(a; +bjy+ciz) .
S =(a. +by+ci2)

(4.32)

(4.33)

(4.34)

(4.35)

(4.36)

ENE=ZARATHYRYHFEX, BFHN “FERER” (SEEH.
NHERE). { R RIIRE. NA3NRTUEH, BTHEE— A5
EMUHER =P RAMGRERET. HERERRELTANEE
E{p°}, ETTAARMAI)RBETAE— ANHRE. 430RNLHLH
LIS Bl 2K, B2 KRN E— S MBEES(y, 2) THESEY SHiEE
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4 IRAFFTBRE LINGO, i SRR RAT B U T AN A

{E¢p (p=1:29"'=M)§Kﬁ7_ﬁ
M
$(y,z) = Zl¢p5p, (4.37)
p=
KBP, = 4(y,.2,), MAEHSEY, EHEM S, H U TR

1 p=gq
SP(yq’zq)zan :{O p#q

0<S,(yz)sl . 439)

§, #0, only inside elements containing node p

(3) KAz 2R FARAEL I R R A O B 2 56— R R B I R 1
¥4I 4.26), B

M M
L@)= X (-4, + NGB, )8,8,, pg=12,- M (4.39)

p.-—..l g=1

Hrf
k AYIEGAY AP
qu=}:ﬂW(k§n2Squ——13 £ q__lz_ £ —dydz
el o, &y &y a &z Oz (4.40)

= SWnH K
_e=1 (On g pq):

k k
By=% L{JijSqudydz = ngg‘Hpq. (4.41)
KE
11 1
g = IA° E;Z-bpbq +;;2—CPCQ) = qu, (4.42)

H, =-1—A;(1+6pq) =H,,. (4.43)
EEFR@A0-(4A0E, BRIIEZBE a,\ o, N, ER—A %57
WAHEE, FARRRNIFHEUESRRERT .

AR EL(P)EBIRE, RIBE TRENMERL, NH
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aL
—=0, p=12,--- M. (4.44)
24,
(4.4 R BT EEETRESBRERH
[4){#} = N, [Bl{¢}. (4.45)

KR ISERE[A] (BN SWAK A AN SR ST B0 455 26, TO AR 3T 5T 3
Ny 3%, BrUATTLURTT B A R AR ERER. MERERES, &
FHRHENERBR, EHA] [BISEKAMERHEN, HX, B
BEARN, ; PR ERBMASH . XFHTHBOERKESHAKAR
B. ATHE/B—NBEROEER ROARBENEPERRAN L. T8
FiE@R T X108, XRFBIERTFRENEN—NFE. B, (Al
[BIAER KL AR, BEfIfIERnENERENALRHEN— 8
HARE . XK AHTTET KA.
(4 RS SUAEE B
ﬁﬁmw%f¢flﬁﬁﬁﬁﬁ,ﬁ%ﬁﬁN@ﬁmﬁ%#ﬁ,%
ERBX NG REFEHE, BRI ERE HE A — IR X FR
R A48 ) B
BT BIRNHEEERE, FaFE—ESRNT MMM L, #8
[B]=[L][LY, (4.46)
XE T REEEEE. WT@45TER
[41{¢} = Ny [L][L]" {¢},
B AERL] 17
[LI'[41{8} = N [L) {$},
)]
L1 TANLT LY g} = N [L] {4}, (4.47)
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[LT{ANLTT =[P), (4.48)
[L]"{¢} = (v}, (4.49)
[Py} = N (v} (4.50)

BoBE, A8 EAE 15 (4.45) AL A S O TE (8 1 BB (4.50) . (4.50)FTFHBERT LL
HER QR kKA. KEBHUFAEEED 4 R n A E, B ERAE
BB RAFIER, TEXN(44OBTRBRKE, &

{8} =[L]" {w}. (4.51)

4.4 B RERARITH =

BER 42 s BESHEREH, RNHHNER
A =1.342,0.671, 0.447 um =P, STAFE(4.19) B EWAERAE
FEHTTE ., R44 FIHTZMEKTHHER 0 VA 1 HMERHEM
B, B 45410 BEMDEKETH MR L MRS R LSHEESA.

Table 4.4 Effective refractive indices of modes for the given wavelengths.

Wavelength A(um) N of 0-th mode Negof 1-st mode
1.342 2.1578 2.1524
0671 22174 2.2138
0.447 23189 2.3157
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Fig. 4.5 Field distribution of 0" TM-mode at 4 =1.342um. (a) 3D grid,
(b) isoline.
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Fig. 4.6 Field distribution of 1% TM-mode at A = 1.342 um . (2) 3D grid,

{b) isoline.
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Fig. 4.7 Field distribution of 0" TM-mode at A = 0.671um . (a) 3D grid,
(b) isoline.
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Fig. 4.8 Field distribution of 1* TM-mode at A = 0.67 1. (a) 3D grid,

(b) isoline.
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(b) isoline.

54



4 3B KR T LiINDO, Y6 Bkt fbr i B 7L 7 i A

0.3
0.2 ]
6.1 ]

0

B u)

-0.1
-0.2

-0.3

0.4 ]

z2(am) 9

1 ® I.a- ;.-{ \‘\,l‘ ; . :l’/ \\3‘ » ]
T a=0447pm ' ’-,l /xi‘:!’ D I

1 L i L i 1
-6 -4 -2 0 2 4 ]
yQam)

Fig. 4.10 Field distribution of 1* TM-mode at A =0.447um. (a) 3D

grid, (b) isoline.
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A AAE T BIFTEHIESIEH LiNoO, I SRS R4
Fth: DT TM HUN%E TE & R HE TR T RITEREN
REERTHTIE. MEENHESH, £ =1.342,0.671, 0447 um =4
BACT, WO T SR AR T R SN B, IR
BT, WHET 0B | I SERA NI E.
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BM 1961 FIREFEUAFRENE —ITERLEEK, MIB—EE
ABEEERNETMARE . EAEERNKZRSHAERILE. EkH
EEAKE. REEEANIEEREMRITZHARNTE. F2ENE
3EMRAREEICRMIERRE D RERE, BRERENFGRY,
AT AT PR Rl MR R AR S PR R R M SR B R . MR B, R4
RFEEMEHEREAERAZBLENTEFPE. MABTHES
RS IEERBRARERTRIER B FREN, FEMERET D
REE, WA DRSS EHAETERN, 2]. FHit, SHFHAXKS
P AR R A LRI R R NE, — RSB TERA
Mk~ ERERE.
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THEN . BT BRSO LR TV, ABEEETLUER
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BB, TRTFERMFHERANEERE, XS THREERLN
TR (BME& R E0 RIRAD, BTTRKEE T &M LR
BB FHh, FACIICEC KA 0 R BRI ST RS AN 7
AxE ERAWHIERPIRE. ~RINHEHEERKENEERRE
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5 W AHA LINGO, BIE B S F =Wl N~E

4] A £ B S AR U M R e 0 BB S, T LA RIEY R i
WY A RAE MR T TaE. Fik, EERAN QPM B 24
HEHEBBERIH TIRERMNMB[4-11], APE LiNbO; ¥ FHERF R
B {RIRE AR TR, WRESFHSHIRAANCEET X
B2, 4- 6] ZELELE 4 EMER L, 1138 APE LiNbO; Jtili 3+ QPM
M= 4 . R RV R A S MR UL AT M MBIRE SRR 4 ) AME ST AR
LA R PR R R ED, DASEB R KRS .

5.1 KN FEARGHRETE

Fundamental

Fig. 5.1 Schematic of APE LiNbQ; channel waveguide
with a quasi-periodic grating

FERARAM FORM B, SEEEMIEE. HESRINESD
FETA AR, FREBEEEEMUHRE, SERAFME, Bi1ZE
KR Th B H, MRRMEETHRE. FEIESHIHRTERA AR
HRERH—MEESE, HEASTRNRTHEMHESSMNEM. TEM
ERFHHEAN R HERSHRETRE.

5.1.1 ERHFHENRATBERX

i 5.0 Fras, BAIER 2 0 x 5 R4 APE LINDO; el S. AT

HERAE, BESTFRIAEE M ERERANESE. A AHE,. H
E=E,+E_=E, +e E,, (5.1)
H=H,+H =H,+e H. . (5.2)
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5 HERE LiNbO, MR S PR =ik &

FIFE T IEHE A V B R RN mE AT

V=Vﬁffi. (5.3)
x

x8Y, =ey%+ez%wrmﬂgmﬁﬁﬁ, e & €580 x. y 7
A LR, TR A, H(53)E
(VxA) =V, xe 4, +ex><%, (54

Ox
(VxA), =V, xA,. (5.5)

2isE e’ AR, MERHEFEQRL). QDMHFRG.5)E

(VXE), =, xE, = (- 22), =ionH,,

(VxH), =V, xH, = (%)),r =iaD..

%
[
H, =—V,xE, 5.6
oy (5.6)
i
D =-—V xH,. 5.
@ t t ( 7)

BT R, R BRERAATRE, WTHEOMEHREEARMSE. B
WERMNATEEEANERSFHE. BX

[Vx(VxE)],=—-iou,(VxH),,
B|GHFG5HA, THLRXESS

V. x(VxE), +exx§(VxE), =V,x(V,xE,)
x

1

8
+e, x-—(~iau,H,) = o’ D
ox

BUER
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3 HEFIHA LiNbO, ik B = ig =2

LV, x(V,xE,)+e, xélizia)l)t. (5.8)
o Ox

HRGMAZRHFHENE R TERR. BIOITHRRAEEYE
NSRRI AR D RIBI GRS, XE H 7B EMENE
ERBHGRE.
5.1.2 BAEFFHIESRR
FEHARM G P . SRR, MBI, Kb SRS
XFHIEMERAIEE, ST/ 5.1 FRBESILE, ERE AR x 1
B h e, FHMEHE N
EQ(x,y,2) = E, (y,z)e ", (5.9)
HO(x,y,2)=H_(y,z)e . (5.10)
ZRTAR m RGBT, HTPRES m B—4 T, BEKESRAAL
BT hr. SEMBNEOEBER L, H%, NERR, HEENLE
i, MEFEENNEEY. BRE.9OF(G.10)HEFTTRG.8), B

(OLV, X[V, xE, (,2)]-iB,le, xH,, (y,2)] =ik, . (5.11)

0
ESEEY, HORKE . H, & U FOAERSE12)
() E&RE. FRERE, RBESPRE LT RN RS RSN,
ENRARA AR TS &M, EMREALT RS,
(2) MM MNEERIA, B+x HRFE-x 5 LB FAER R
PIFRR
E®(x) =E(-x),
E" (x) =-E" (-x),
H” (x) =H"(-x),
H?(x) =-HY(-x).
() EXH. EXHTHATRERSR
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oj. ?%(Elm X H:n)'exdydz = Pgmn‘ (5'12)

—00 —~0

KB PCONREMBRIR, EXHEAT EMEZRHHIMIXR.
MRBERE S AR, WSRARAZERETHR, PAHRBES.
EXHMYET IR ETHE SN BN ERESERBEHHNES
Mo

(MEENE. FRNEMEARETZER. MBESPIE— B
#RAIR R A IE AR SRS .

EEPAA R SRR PRSI ITRNER.
5.1.3 FEMRSETE

RENHE AR N SRR S AR Mg S . XM FTREG.8)
AR

LV, x(V,xE)+e, xa—H—’—iwsE, =igP®.  (5.13)
o, ox

HRNEDRE R FEESE RN IR, KPR R &ET
.
R BRI 5 o 0 BRS F BRAR I T P I E SRR T, B

E,(x,9,2)=Y 4,(XE,,(y,z)e", (5.14)
H,(x,y,2) =X 4, ()H,, (y,2)e". (5.15)

ANCIHFEIHTHANBIRE A (D RERHFHBENESR, I©
G A1HF5.ISMEN(5.13), B

>4, (x){a% V%[V, xE,,(7,2)] - iB,[e, x H,, (7 2)]

Ho
dA,, (x)

~iok,, (7, 2)}e™ + T2 Zle, xH,, (y,2)] " = iwB®,

BEAFEGIDK EARLR
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dA,, (x)

) le, xH,,(y,2)le " = iaP®. (5.16)

m

FRSI16HILERE, (y,2) IE5 dydz LATEFAES, EHETHER
(5.12), EIFBGUE SHABAHIRERE [13, 14]
A, _ [

dx ‘2p
TR AR T R R R P SR MR ST R

Immux)wwx%@@&]%ﬁ 517

=00 =00

5.2 ERPEREBEERBRAET R
R FEAEH DS . REES BRI BT, B, =
YOBBA = UGB B IR AR B F R h BRI AR e A SRR
K, AEESHLEEBERNE, BRI AN NERE, BEkes
M EBENERHEEH. SREEFEBRTHE S BiTRE.
TM (@) +TM (@) > TM o (@,) » TM o (@,) + TM o (@) = ™ (@) »
TM (@) —TM oo (@0)) = TM (@) » TM (@) — TM oy (@,) > TM (@)
M IM o (@,) — TM o (@) > TM oy (@,) « BEEFTE(S.1T)F T AR5 BIH
L, 203 THARE SR, CHIEERMS SN R0, MEMBLE
%
B =26,d7(x,y,2) {4, ()4 () E, (3, 2)E| (3, 2)e A
+ 4 ()4, (D)E, (7, 2)E, (y,2)e AP,
B =26y (5,3,2)E A DBy,
(5.18)
+ 4 ()4 (DE, (3, 2)E, (v, 2)e™ P A¥],
B = 250deﬁf (x, %, 2) 4 (X) 4 (X)E, (v, 2)E\(, Z)e—i(ﬁerﬁ')x
RERFEANHISHAE200RNAH. BGIMEAG.13), B

63



5 HERI LiNbO, B Ed R r = kil r-&

___dA[}](f) = —img, [ A A B T Td B, (E) dvdz

+ A, Aye PP i j jd g BBy dydz),
ddy(x) _ _, o, 0[ AP P 2ﬁ1)xj jd ELE*dydz

dx — —00
+ A A B AR T g B BB dydz),

—60 —00

(5.19)

%—(ﬂ = —ia)330A2Alei(ﬁrﬂl_ﬁ])x Oj- Td@'fE;EZE‘dydz

X o0 =00

AT R UTE, HEARE Uy, (v, z) BBty
BE (y,2)[13]. EHREI1S
Ej(ysz) = Cjt//j(ysz)s J=123. (5.20)
EER-LAHC, ThARGI2)RE, X

2
C;= ]ﬂ ;\;OC(J H [@’J’a&')"'/2 (5.21)
i e

PR N HERERITHE, c RELFFHHE.
MNTHPAMEILIE (M)A I B MERSHER, AXESEE
Md,,(x,y,2) TEH[15])

dyy =dy Zg,,,,, G (5.22)

Hep
G, - 2n(m +n}f),

’ D
2(1+y)l

man

c(—- G, Dsinc(X, ),

1
ﬂ(;—y)( mD, —nDy),

D=yD,+D,.
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XE DDy HIRBE AR BT 2 ABHIEREH TR dyy & LiNLO,
AR ERMLEREG RS g, B G, FRIREIMNER
HANERRAREESR 2 HE 3 FELUBENER, BN RRAEG.22)
KR EPIIAAN(5.19), FFIHG200f(5.2) R FEF RS, BEH3
FRE S P =W MRS E R

a4 (x) =i, [k, A, 4 e + 1,4, Aye 7],

D) o o, A2 A AT, (520)
dx 2

day(x) _ i8fyx
S =i d de e

FEXE
Aﬂl =/B2 _2)61 _Gm,n’
ARy =Py =B, - B~ Gm‘,n"

CEES P

2p,
cNIN,S,’

/ 2p
K, =2dypg . . |[— 0 — 5.25
2 18, , N.N,N.S, (5.25)

[ s 5] 2 [= + 3¢ o]
(J flwllzdydz] § flwa| dydz

(1 T dydzf

Kl = 2d33gm,n (524)

Hep

S, =

b

1 Twiltdvz- T T vz T Ty dyaz

—_ —0 =0 —00 —-m —00 =0

2
( I v wzwldydz]
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XE 8§ AEHEHE B GHAEERNEIERRERT: 5 AEK
B, ZRERS =R LERN R REAEEER. SN S 5%
HEFRBTER S TR, ARG E LB RES
R = UGB E B SR T EMRA6], REXENHES R M, P
DAEET S S (524)F1(5.25) KW, BERESRZ R BHERNE
B T BERIEIEL I REM QPM £M:4h, THEEM S M S, EA
RIRR SRR ST W R R ITELN RS RERE
BHEAER S, AWTHERHRAE. ARMEHNESRT N Fit k&
R —AN AT
H(5.1DMG15)RIEAZXRRG.12)I, BEERH B EFLTIER

1 0 2 2
P = ancN f _£ _UE (. p,2) dydz = ’A y (x)l . (5.26)

BRI ET LATR =AM IR RO R S

2

A_,i (x)
Ay

; . (527)

KR A AEEFEHHRIE.

5.3 Rt

BATE SEHEIE 4.2 BI7RH APE LiNbO, 3 S S & &M 2 T/
KN, RHEAN THEBEEN T=120°C. BH XKL Y
Ap =1.342um . SEFERE@AADNE RITERETE SR OB 4.4 %6
H: WERIHEI TR 44, EEHARRSELCRTTRE 4.54.10.
MRS T IR A MREEREAR S, 71 S, 4 506 23.28 um® #120.51um?, 8
KEEd, =4.30um . ATHRBEX GRS, DRERN =Kk
HRME, BATERERR G RLEETLR, B8, -28 =G, &
HLRAF RO RTURAREN G, ,, WS, -F, -5 =G,,. i
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FEEAZEFHEAHENHESR, BEHEARCMORLENSES.
D=1188um , D,=1441um , D,=11.08um , [=554um
y =0.056 (ENTHRE XL 5. 2 WHHEXER).

Fundamental

e
oo
1 n

g
(=
1 L

TH
SH

o
=
]

Conversion efficiency
o
b

0.0 v I v I ' T i L) ' 1 M T i
00 05 10 15 20 25 30 35
Interaction length L (cm)

Fig. 5.2 Dependence of conversion efficiency on interaction
length L for D=11.88 m, D =14.41m, D =14.41pm, I=5.54,m,

#0.056, w=54m, d =4.30um, and P, =100mW.

% A(0)=Ay=+0.1 (% R % ¥ % 3 L P, =100mW ) A
A,(0) = 4,(0) = ORI RMERMET, NAFRGE)FTHETHE. B 52 B
ARRERREMAEAERKENRAAR ., REHE =R
EHBETRHEEERKERNE N, AHEERKE L X3 3.56cm
i, RIS R REBIR M 58.2%, RAFRXHENHEEEHKE
NBHEEIERKE, BN .

R Em, B ThEN L, FRAEMW. FE2Z AKX ER
WA 5.3 fioR, L, FEEEIE Pe MR RER, RIEREB TR
Pr7E 50~300mW BV L, W EEIE P WELSRUR, LT P ME
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Fig. 5.3 Dependence of optimum interaction L__ on

fundamental power P. The other parameters are the

same as those in Fig. 5.2,

Optimum interaction length L
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Fig. 5.4 Dependence of maximum TH efficiency
(phase-matching case) on width of the mask opening
w for d =4.30um
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Fig. 5.6 Dependence of normalized THG efficiency
on fundamental wavelength 4_ for 7,=120°C and w=5m.
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