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2.1 HEHE

RINLEFT A MgO : LiINbOs REE F#R A 10X5X1 mm®, + 2 E#I . MeO KM BE
A% 0,5 M 7 mol- %6 =%, - FR{EIR W H L T H 8 L2 % FROHTAEHA .

BEIRFENEFREAFHAEFRLEN, BTHBY B ASEX, HER
THBEEER 3 Zh, REHCLBA YT MO : LINbO, R RAEXRRT. £
HREREE, NERTRERERER EZSTERB A HBEKHETE, XEEEH
HARERER—ERENMKBRRHESE, RS K MO & L, HNbOs, X F=ZFA[
FEEHY MO : LiNbOs & 1, E=/M AR X H 1B B M =N AR 1 2 8ot [/ T, BT 0 &
TAR%M4R 9 A PE: MIN RS &H, SARFT A AR SKREM T IFHER, RHERMERL
R 1L BEERFRIMNEZIAKE O h HEER VAR ERBRERE. I THRIOKRITHRNE
MAREH BHRFHESHELBETREZRTRERNEHERN.

Table 1 Fabricating conditions of PE : MLN wa-veguides 0, 5, 7mol-%)

Sample Exchange Exchange Sample Exchange Exchange Sample Exchange Exchange

(group) temperature('C ) time(h) (group) temperature ('C ) time(h) (group) temperature ('C ) time(h)
#1 223.5 5.5 H#H4 233.5 4 ®7 243 6
#2 223.5 9,33 #5 233.5 6 #8 243 4
#3 223.5 6. 33 #6 233.5 6. 33 #9 243 9

2.2 PE: MLN i S®{T
SHFLERH & 94E 3 FAR ST KM MgO 1 LINbO: 3 H  RASCL AL EE e
YERR S 28, IBIE M &%, R {17 488 nm, 514.5 nm, 532 nm, 632. 8 nm # 1064 nm A [F]

BERAMEXLT HETETMESFERAFLALARALRD P REEFEERITHE

n = sinfcona + (a2 — sin6)%ina (1)
P n HELAREIEHTHRE, 0 = 45°42" HRFEKA.

Wl 5 R T AR & EA MgO : LINbO; A B S R FREE . I ENE R
ST, I E IR HBEERE, ZERMA XM BE B,

FAME J. M. White 1 IWKB 3%, FI i+ BB T R SFENHHRL A, mE 1/
2 B 1 RHS HFP TR 5 mol- % H) PE : MIN R ESMEK THITHES . H
EFaRERAREKNBEERBUFSHBRTF FAESEIHELS A AKX TR E
AFBEEKT PE: MIN HREMRETHEHE, % 2,

M 2 8] LUE S, 7548 7] 7 38 3605 BE A B (6] T, U5 A 3% BE 3 S SR 14 I B 3 MO &
B . B2 NERBEREY T XMES, R R T &+ M0 B FEH T
AR PE : MLN SIS R A AR &

2.3 PE: MLNEENEK

HE2TJUREMNTFTARSHE RN PE: MLN S , REFH RO M B AR, HEFRBEF
B B 0, Z T BT 5 3R MR ), K PE « LN # 5 mol-% PE : MLN i 3 B R E 7 i EI¥
BAHEB/N, T 7 mol-% PE: MLN { G EZREITH XYM B E/IER., XERE TRES
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Fig. 1 Refractive index profiles of 5 mol-% PE + MLN Fig. ? Refractive index profiles of proton exchanged
waveguides for # 5 group sample waveguides of MgO ¢ LiNbOs doped with different

contents of MgO at 532 nm in the same group

MgO SR BETE. RIS TR 2 PR HEMPKIIXER, ATTRHE AR RS H PE -

MLN ?&%E‘J?ﬁt&ﬁ.ﬁé&%ﬁu‘F
PE:LN:  4ni(2) = 0.011687 + 0.001788/(4* — 0. 149376)
5mol-% PE:MLN; 4n}(A) = 0.002804 + 0.006151/(4* 4 0. 002698) (2)

7Tmol-% PE:MLN; 4nri(i) = 0.000413 4 0. 007676/(4* + 0.119369)
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Sample B n

488 (nm) 514.5 (nm) 532 (ilp) 632.8 (nm) 1064 (nm) (um)

#3 LN 0.178 0. 167 0.158  0.135 0.115 2. 29
5 mol- % MLN 0. 169 0. 160 0. 155 0.130 0.110 1.82
7 mol- % MLN 0. 150 0. 145 0.138 0.121 0. 080 1. 63
#5LN 0.177 0.167 0. 156 0.134 0.114 2.61
5 mol- % MLN 0.170 0. 159 0. 155 0. 130 0.100 2.18
7 mol- % MLN 0. 149 0. 144 0.137 0.119 0. 080 1. 89
#7 LN 0.178 0. 166 0. 157 0. 134 0.114 3.15
5 mol- % MLN 0.169 0.161 0. 154 0.129 0.110 2.52
7 mol- % MLN 0. 150 0.145 0.13 0.120 0.079 2. 24

X F PE : MLN i § AR E % 1 RAERTBR KA R A P AR B 2 AR B ROT RN, 21
LA 5 mol-% PE + MLN ) 3 N8, it B T B RGBT &, R B 5 RN L REEM
R, 32568 T T35 #: MgO : LiNDO, i 5 BR 247 5 3840 A5 i 48 5
2.4 PE: MLNRSHF R

RET BB NFH—BER, RFXBREEATURER T LR, TLCRAT BRK
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Fig. 3 The mode dispersive curves of 5 mol- % Fig. 4 Diffusion characteristic curves of PE : MLN waveguides

PE : MLN waveguides at 532 nm Solid, dash and dash-dot lines denote LiNbOy, 5 mol- %
MgO '+ MLN and 7 mol-% MgO : MLN waveguides
respectively; filled, white triangle and filled circles

represent MLN waveguides exchanged at 243 'C, 233.5

‘C and 223.5 C
D(T) REARERE T ZETRFXBRIYARE . BEXFE TFHLEEMARL
D(T) = d*/4¢ (3)

AF ¢ HEFHRE ¢ RRFRBEELFHEXTUAEARBETHT BMAR 4T ELR
FOH 27T MEMBE I RENZRNHHRR, RNAABEIREN R FREER, &

RHMLRERER, ME 4 R, BFE MU EXKNMBSHT 9 ERRAFHERGF TR
FRRTNEE 3.

Table 3 Diffusion coefficients at differrent temperatures of PE : MLN waveguides

Sample 223.5 (C) 233.5 ('C) 243 ('C)
LiNbO; 0. 206 0.278 0. 406
5 mol- % MLN 0. 133 0.195 0. 265
7 mol- % MLN 0.111 0. 147 0. 208

HX3SAEHHEEXHREBENA S, TR K, HRZYCHIE Arrehenius F£
D(T) = Doexp(— Ez/kT) (4)
KA Do MY HHEL B HRTFIRBREE T AR B EIRE e AREEZ SRR L, AN
a8 TR PMHE, NTTEE T AFRRET PE: MIN ST AT
PE : LN, D(T) = 2.72142 X 10%exp(— 9303. 37096/T)
5mol-% PE:MLN. D(T) = 1.02074 X 10%exp(— 9010. 38016/T) (5)
7 mol-% PE: MLN. D(T) = 3.22075 X 10%xp(— 8548. 20395/T)

B BRI ER—ZBREE T, HE & A&+ Mgo 3 BAY N PE : MLN B 8T B
EHRL B ERETFRHEBNRE D, RITAAINFARESEY Z Y] PE : MLN 3K
%, XFREIR T LR A MgO : LiNvO: @M BRERERERE, EARB KM LiNvOs Sk,
mefg B Liv B 5. SNMIE N N i, FARERREN V. A TREFHETBEAF
BB —NEEMY Ve B4 4 A LT B4, NTTHM Ve BFSIEMN B AT, X s
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AL NO° RXFE N EREFETEM Ve, TERBEHMEINT Li* LREPHEL.
R Smyth™ | KB S BRERA, ZZ MM FEM TRFWT BRBRAEANE . HiRE
TR ENEZOEREWT PE MLN B R T BARM K/, 4 MO #HA REE, Mg
BOTd 88 Lit {7, - JFOR & ¥ Li (289 No° #E [ Nb {7, X FE BB & &+ MgO BB A A
MgO ZRHTEIN, ZAHHE Vs FFERA, B9 T ZAMHRILE, §TF PE: MIN BFRHA
BfFES Lit ZHBK H, T L FEHRE T, B ZA 8B %0 PE : MLN F3H R T8
WA PE : MLN [ S 899 BUR R, B LN R B HFEE MgO & BN, PE : MLN {5
BOR BB/ S AR TR B/, LiT BT BEAR X WU/, N7 $ 3 PE + MLN L G RE I
SR BEE /.

3 &

AXRAEFRENT TR #&T AFABHER Z Y PE: MLN 2 S, R M &%, 4
T RS RS EEMEROBEXET WEHFHET AFRSH S’ Z 4] PE : MLN 38
PPN GREW . FREKAUBER B, BIEHFH XL R IERE, 3R AR A B
—BUERR T 450 . 7R F43 M PE « MLN 3 G Bt R Bk B8R, EEIR
M EE Z Y] PE: MIN R FRHITH REBMER —ZHRBET PE: MLN BERHTBE
FOIEEE RE MO S EIB MR/ . BERITITRT PE+ MLN EJH T BUSE R R &S
MgO & Xf PE + MLN {if J By R E 7 51 R BT BAIB R, AR 116 & B FHWMAFT
T T ER.
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Study on Proton-exchanged MgO : LiNbO; Waveguides and the
Effects of MgO on Their Properties

Zhuo Zhuang Wang Xiangtai
( Department of Physics, Shandong Teachers' University, Jinan 250014)

Meng Xianlin Wang Jiyang Shao Zongshu
(Institute of Crystal Materials, Shandong University, Jinan 250100)
Xu Guanfeng
(Southwest Institute of Technology and Physics, Chengdu 610003)

Abstract Fabrication and characterization of proton-exchanged waveguides of MgO

LiNbO3doped with different contents of MgO are reported. The step-like refractive index
profiles are measured and calculated for Z- cut MgO : LiNbOs; waveguides at differrent
wavelengths and the experimental results are shown consistent with each other. The
dispersive relation of refractive index increments is given, and it is shown that the index
increments and the diffusion coefficients at the same temperature decrease with the content
of MgO in the crystal increased. The mechanisms of the effects of MgO on waveguide
properties are discussed finally.

Key words proton exchange, MgO : LiNbO; waveguide, content of MgO refractive, index

increment





