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Abstract: To overcome the defects of existing electro-optical devices, the LiNbO; with advantages of
mature growth process, low prices, large refractive indexes and large electro-optical coefficients was
selected as an electro-optical material, and its transverse electro-optical effect for light pass along
optical axis was researched. Then, three kinds of transverse electro-optical modulators with x-cut,
(xzl) 45°-cut and y-cut were fabricated, and their modulation characteristics were analyzed
experimentally. The results indicate that the transverse electro-optical effects that light passes along
optical axis have the same electro-optical parameters, and the refractive index induced spindle position
is related to the direction of electric field. The three kinds of transverse electro-optical modulators

with different cut modes all show the lower zero-field leakages, their static extinction ratios exceed
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1 000 : 1 and the relative error of half~-wave voltage between measured value and theoretical value is

less than 1. 7%. Under the same modulation voltage, these modulators give the same modulation

depths and stable modulation characteristics. The research provides references for design of this kind

of electro-optical modulation devices, and will expands their applications in optical communications

and optical measurement fields.

Key words: LiNbO;; electro-optical crystal; electro-optical modulator; transverse electro-optical

modulation; crystal cut-mode; half-wave voltage; modulation depth
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Fig. 1 Principle of electro-optic effect of LiNbO;
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Fig. 3 Electro-optical modulation test system
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Fig. 6 Diagram of electro-optical modulation

B 6 H, s e 1 3 R R R R (I R 2
X 10 £4), 2 0 18 R BRI I B e fE S . I
TRl DU L R S O SR AF S 3k £ A B 24
100 kHz.,

3 AN TR 1 9 A H S 9] i 1 9 1 R e
{H Vo CHL R IR g — ) Bk 344 V., 855 B
SR A2 % R, BEIE B Rl R e AT A R IR
JEY (8, = wVo/V.) 4 Sl k0. 950, 0. 956
0. 955 rad,

P 7 U5 A% B s B R 485 SRR, 3 A R R R
XTI O R AR 5 Y W W (E 4 i R 752, 808 AN
832 mV. LA (5), Hrp I, B P, P47 P, B Y
ek AR UK AR F] 3 A4 G 1A i 4 1 S B 9
REE 358 0.954,0. 959 F1 0. 950 rad. 5 it it
BAHEAY A .

4 9t

Xb T 5% Bl 05 1) 3@ % AY LiNbOs , 5 i H 3

S &k

(1) FFL.&AA4. WOt ERAMAL] 54t d,
1991,12(2): 189-201.
DONG X Y.GAO X C. Electro-optics and its appli-
cation [J]. Semiconductor Optoelectronics, 1991,12
(2): 189-201. (in Chinese)

[2] A=, RFR,HEAE,F. RPBEI DL G
TS T HOBH B AR OR)]. A5 e,

B EDGRh, OETE B A AR RS
Ao IHIE T 80, CaxDAS YA y B) 0 HL %
P JF X E TR IE R AT T,
X3l LG & RO A AR R T I 2
& JU-F- AR TR 5 6 fin A T[] A4 52 3 3 ) HL s L 3 HEDIG
A T A5 00 R ) 2 R R o R B IR . e A, i
&Y HL O T i 45 3 AT 3 O T L A i 8 A 1 A
AL A

Xt A [ U 28 ) RO S it i ) F 3 5 1)
A T 2 5 B HRL D' R 8 A IS 1T S 3 RN = Bl e A
FHISE AR o M P 32 6 HL O A T D F 3 7 2R B AR
A7 30E 3R FI-AT 5 23R 3 Al ) i B R A L 2R L B O
A T T A 20 R R ' i AR A A g L D IR 2
e FIOL 27 e % A S S A . 28 TR A0
PEAEGIEAE LA B Ak 2 i i 0 4 25 450 Y
o2 B A i itk — 2 IR A BT ST

L Ab 33 b 24 R 4 R D' i ] 0 0 i T LA
JO7 P T B R B B -0 1R LRI Ay 9 25 BRIl A

2% 30 B A A K T2 AR AR T S
R B BRI LINDO, A v ' & A
FEEEFFE T 6 WAy 1] 38 ' AR e HL RN
MTHAET 280, CazD 45 VIR y 41 3 Fh A 6 4)
TR R G TR 1 0 AT e 8 R R HE AT TS
Lo TINEE S R I N RoT RO R G T
TGy @ AR N TG B KT 1000 ¢ 15 HL OB
) i RS B T I, 2 i H A e 30 2 B v s S
5 B 1 M 1% 2 S 0 1. 7 %0 5 A (] 9 A
PR 3 ) % B S AP A5 B9 B0
A SCHIBIFFE REAS XY LiINDO, St 4l 5 [ 38 't i b
1] LG 98 25 0 B T B Rt — 2 2%,

2013,21(1):13-18.

HU Y,ZHAO X Q,XUE Q X, et al.. Suppression
of ASE from excimer laser using cascaded UV elec-
tro-optical switch [J]. Opt. Precision Eng. . 2013,
21(1) :13-18. (in Chinese)

[3] WANG Q,YAO J P. A high speed 2X2 electro-op-
tic switch using a polarization modulator [J]. Optics
Express, 2007,25(15) :16500-16505.

(4] AT=#%,x At KM, BOGREFEW 5 AR
G B b v (). e 4 % 4R, 2008, 28 (6)



1232 tr KE TR %23 %
1201-1207. [11] % F A&, XEL, A4, F. 85D REER

(5]

(6]

7]

(8]

(9]

[10]

HE Y T,JIANG Y S, WANG CH W. Application
of electro-optic modulation in passive synthetic aper-
ture imaging detection [ J]. Acta Optica Sinica,
2008,28(6): 1201-1207. (in Chinese)
B TR S VR SR ). 2 AR
2014,63(7):074207.
LI CH SH. Crystals modulated by two parameters
and their applications [J]. Acta Phys. Sin. ,2014,
63(7):074207. (in Chinese)
SATHIAN J N,JAATINEN E. Intensity dependent
residual amplitude modulation in electro-optic phase
modulators [ J ]. Applied Optics, 2012, 51 (16):
3684-3691.
ElR, Ems e, N HOGE R TR g bk
WM R FE L) ). A3 5 B k% 4 47, 2013, 33
(8):2153-2155.
YAN J,MENG P H. Research on methane concentra-
tion monitoring system based on electro-optical modula-
tion interference [ J]. Spectroscopy and Spectral Anal-
ysis+2013,33(8) :2153-2155. (in Chinese)
Z AL . 252 E . F . KDP fi (A0 T 3% 1 i
WRm SR 5 2 HrJ]. b5 4% L 4,2007,
15(11):1721-1726.
WU D J,CAO X S,WANG G Q, et al. . Damage de-
tection and analysis of machined KDP crystal sub-
surface [J]. Opt. Precision Eng. , 2007, 15 (11):
1721-1726. (in Chinese)
FIE A, A4, R LY. ADP SR E OB R B0 &
[J]. A b4k % 4R . 2001,30(2) : 163-166.
LI ZH D,HUANG X J, XIONG K M. Measurement of
electro-optic coefficients of ADP [J]. Journal of Syn-
thetic Crystals,2001,30(2) :163-166. (in Chinese)
Zge#. KTP @K G HER M 5 [D]. &K
R KL LT K F,2002.
WANG X Y. Growth of KTP Crystals and Study on
the Electro-optical Properties [ D]. Wuhan: Wuhan
University of Technology ,2002. (in Chinese)

EERN

FERR1990—) . J . am b A, 2013
AET bR RS e o, FENF
I A2 88 1 T RO 1 i R AR
F AR A 58, E-mail: kewulil990
@gmail

[12]

[13]

[14]

[15]

[16]

[17]

[18]

LiNbO; HLYGHE 4l & [J]. 22 9h 5 % % T 42,2007,
363 ) :437-439.

TAN X CH, WU ZH CH, LING M, et al.. High
power and high rate LiNbOj; electro-optic modula-
tor applied in communication field [J]. Infrared
and Laser Engineering, 2007, 36 (suppl.): 437-
439. (in Chinese)

BIERLEIN J D, ARWEILER C B. Electro-optical
and dielectric properties of KTiOPO, [J]. Appl.
Phys. Lett. , 1986, 49 (15): 917-919.

F ML AL AR 4 R AT F . KTP(KTIPO,) fh A
P XBIFELI]. A2 F  #k,1999,20(10):95-98.
LI SH CH,NI W J,YANG T X, et al.. Studies on
crystal KTP (KTiPO,) electro-optic switch [ ] ].
Journal of Optoelectronics * Laser,1999,20(10) .
95-98. (in Chinese)

ZHENG G L,XU J, CHEN L X,etal.. A thermal
design for the potassium titanyl phosphate electro-
optical modulator [ J]. Applied Optics, 2007, 46
(27):6774-6778.

Uit & KTP WKL se kR LT ] A T & 4
#4R,2001,30(1):28-35.

SHEN D ZH. Progress in E-O research for KTP
crystals [J]. Jowrnal of Synthetic Crystals,2001,
30(1):28-35. (in Chinese)

A AT A S A OG8RI O R T
(1], 422 % 4%, 2005,54(1) ; 134-138.

WU D D.SHE W L. Optimal design of electro-op-
tic modulator of biaxial crystal [J]. Acta Phys.
Sin. ,2005,54(1) :134-138. (in Chinese)

AEH. g% M. T . b Fm TRk FHR
#£,2009.

YU K X. Adwanced Optics [ M]. Beijing: Beijing
Industrial University Press,2009. (in Chinese)

L1 CH SH. Complete polarization conversion using
one crystal with dual transverse Pockels effect[]].

Applied Optics,2008,47(13) ;2241-2251.

e

EEM (1966 —), B, I PE IR AL
P A L B b R A= L vy A
JCHE R 5SS TRE AR DL E
AE EFENTOGIE MR T AR S 18 G P
JrHE A WF5E . E-mail : wangzhibin@ nuc.

edu. cn

(RRIERE REWW FEEH)



