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High accuracy and high sensitivity measurements of the electrooptic effect in undoped and
MgO-doped LiNbO; crystals

Kuniharu TAKIZAWA ™', Kazuya YONEKURA ", Lianhua JIN*

ABSTRACT : Accurate measurements of the compound electrooptic (EO) coefficients . of non-doped

and MgO-doped LiNbO; (LN) were made by detecting the fundamental and third harmonic components

which were included in the sinusoidally modulated optical signal. The analysis of frequency spectrum of

the multiple reflection beams in the EO crystal indicates that anti-reflection films must be coated on the

input and output surfaces of the crystal for accurate measurements. Measured values of r. of non-doped
and MgO-doped LN crystals at a wavelength of 632.8 nm were 19.8 pm/V and 19.2 pm/V, respectively.

Keywords : Electrooptic effect, Electrooptic coefficient, LiNbO;, Converse piezoelectric effect,

Piezoelectric constant
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1 Parallel Nicol polarization system for measuring

composite EO coefficient r, of LN crystals.
BPF,; and BPF;, band pass filters; MM,
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& n, BHEEHEITEE b, HREEZL KE2ALTD
L, I, LU ToXTEZbNnS,

r]=%f4ﬁy+AneXL+AL) M
F2:=gii(no+-n0XL4—AL) @)

2T, Ang, An, FERICFHRITE > THE U
SRR LOENEFTEOZ L TH Y, R
TREIND,

-
—

V

An, = —l—nifr13 —% sin wt ®)
2 D

An, = - l—nfr13 V—Osin ot )
2 D

72721, rs, rald LN g O BESOCFHRE, DTS D
ExThs, R(l), QD ALIE, HEBEBHRIZL->TE
CafEmEES L THY, RANTEZDOND,

L—d3]LV sin wt ®)

::T d31 iLNFEE@Faadﬁiif%éo
RQ) ~ GOEHVD &, VETFTA v ar JIERE)
TEIND,

Ar:I}—rz:%f(L+ALXnD—ne+AnD—AnJ

~ 277[L(n0 — ne)+ %L(Ano — Ane)+27ﬂAL(no — ne)

—126—



2
=—1V~Ln,—n
Lo, 1)
3 3 _
+LZ‘3’LV0 Ty — U r13+27(n” ZE)d“ sin ot
AD n, n,
2 . .
= TL(ne —n,)+ Or, sin ot = ¢ + Or, sin wt
(6)
e L,
=22 L(n, - n) ™
A
3
e = ﬂ'neLVo (8)
AD
3 ( )
7’02[}’33—(’10] F13+2Lf’“ (9)
ne ne

ThHD, 1A% LN KOO BROCTFRIL rs, s &
JEEER dy) ZEFATEY, ZOmITIHEANERY
FARREMESZ LT D,

KON 2 L&, 1 OREL AT AOBIILS L
SRR 5 1y 13

I, = ;—[1 +cos (¢ + ©r, sin wt)] (10)

L%, RAO)DKEFRK T 2 Y H LT, ~» &/ B
EMWTRETZ L, UToXE[ 2,

i=1

cos(¢+Or. sinar)= cos¢{]0 (@r)+ ZiJz,.(@rc)cosZiat}

—25in¢{i]2i+l (@rc)sin(?_i+l)at}

i=0

(1)

1 D2 5D RANAT 4 )V% BPF ;¥ X O BPFy;
OFLEREE o 2B LN 30221 5L, BPF B
FOYBPF;; DI D 1111 E, A THREN D,

Ly, _J,(x) (12)
]3f J3(x)
x=0r

100

J 1 (X)/ J 3(!()

& 2 Dependence of J(x)/J4(x)on x where x=0Or,
Because « isprovided frommeasured values /;
and /y, the composite EO coefficient r, is
defined as r, = @/0O.

ST & x DEMRER 2 1R T, K21E, 0 < x <
6.38 DEAPHTIL, J(x) S BINEZ R 72 72 N BLER 72 B
BTHDHZLEZRLTNWD, LT, ZOHMOIR
W& Vo % b ORIMEIE AL LN fESICMR 7o 2D I & Iy
ZPETIUE, FE O /L D EE DO o 2 5,
RADEITr ZRDDZ EDBHKD,

P (13)
(C) anlLV,

ND)FHHINABZ & E RV, REICEEINTIC

r BMET D ENRHEKS, £, HUNEEORIEIXE
BOE TV, IKEENENFETH D,

30

20

15

dJ g(x),"J h(x)

10

E 3 Relationship between J,(x)/J,(x) on x where g
=1-=2, h= 3—6.

—127—



SIS DI BT, Jix)Js(x), Jix)JA(x): DN
1%, L)), Hx)Jyx) - THRHEETH D03, 31z
RTE VTG Ji(x)5x) & T B LR MR,
J@)EBLERKD &, Lx)EEF0E 2 SRy &0
I, [l4cos gJo(x)]/cos g o(x) EESINDT-0, BEE
WU TARADFHIINLI ¢ Z PR 2 2 L SRRV,
L7235 T, )WL) DMEEERS X OEREREICR D
LA bhbETH D,

3. REEDOEE

ZNETIE, LN F%Wf@%i}i%‘mm\fj@ﬂé@
IRRREE A MEAT U7, BRI, LN AR R & 2 Jmiree
EHTHI0, X dilm, z%ﬁﬁ \ZIREY T % B R
%, K4IZRTEOICENZEN EO BN THRY IR LK
92, KPRERICEEASF L&D X, Z#HFmo

BRI T DT — KL RLR, T 5L, K
FEm (Z1) BIZEK LSRR LS
BHIGES 11X, wTERIND,

e[ B sl o1t s, )}T ,

2T i=0 p=I

(14)

ZIZT, TiH2x/wy (K<27/w) TRENDZA LA
v N Th D, wlTHOMEEE, miTHA EO MmN %
HETZEETH D, 0, BLP 003X Z B LX)
MCIRE 3 5 ARG D EO BRI K DAL TH Y,
ENEFhROATREIND,

— sin[wf+ 0, sinwt +¢
Laser beam -f:'::_ LA 7
- == R sinlqp+3(fsinwt + )]
TS Risinlog (0, sinwt + )
> R3sin[uf+Em+1)( 6, sinwt +6,)]
EQ crystal

4 Multiple reflections in EO crystal at normal
incidence where p=1 or 2. The figure is drawn
schematically in order to show each ray.

3
m, LV, 2 15)
9 — e 0 _ d (
1 D [Vss ") 31]

an) LV 2
0, = ;VD 0(”13_}1_0131) (16)

6 BLV g, 0% Z #ihds XX G I IEE T 2 EARMR
HOFINATH 5,

mPREL D E, RADHIXE ST Fabry-Perot
TxaroRITRD P, Linl, AL ERNTOLE
BORESE, —Ml S ifEic e s, K1ICRT XD
RS L, EDOBEFIED BO KO Y R A v A
E—AREIT A5G, B AR ME TR
BT E D 5M0T

D’ _ .42 17)

nr

THEZbN5 P, 2L, n 3RO BTRTHD, S
TRERE LT, B ADMENREHRK T TR
BToLRETHE, S > 3 OLERMKEICRS,
— AN mEEET S HEAIE, BREECm DL & R
w5720, ZhERA J*c)w“éé:,

2
m = L nxD _1 (18)
41LS*?
135,
AFEDERLIFIFE—FHTH D, n=2.2, D=1mm,

L=20 mm, 2=6328mBLOS=3 % ERITRAT
&, mr7%55, ZOREDIETIX Fabry-Perot @
KEAND Z LY canizd, R EEcRY
235, RADITEBNT, m=0 OS5 mla]
Efgﬁﬁ%ﬁ%hégﬁﬁﬂaﬁ ICEEND hIROEH
BAE B (h=1,3,5,7 « )& Iy ETDE, Ly TRORK
ThHZbh5,
1,,= ZO(RIRZ ) sinf(2i+1)¢ ~ ), {(2i +1)6, - 6)}

gR;”sin{Z( )¢p} {( )gp}
+mzlz +RR sin(2i +1)g —(20 +1)g, }J, {(2i +1)9, — (20 +1)6,}
R R sinf(2i+ 1), ~ (20 + 1, (2i+1)6, (204100}

(h=1357-)

—128—



=77 L Jh( NDZThROR LB TH D,
m = 0 DEEIE, UTofffetRsns,

~0,)=sin ¢J,(@r,)
(20)

I,, = sin (¢2 - ¢1)Jh(92

ftian O S IRFEAN B T & oA, R(19)o

ST Ry, Ry Z#RAD Ry RYICE E AT L,
R/ =R, exp( —2alL) @n
R, = R, exp( —2al) (22)

2L, alEERONRRIURETH D,

L N#EENOLERERE m = 4 L2 I/l LF
INBEV, OBRFREEHE L —HE2K 51289, 22Tl

= 228653, n.= 2.20232, ry3= 30.8 pm/V, r3= 9.6 pm/V,
A=632.82nm,L/D =20, a =0 & L=, Zhblbkm#
B L THEREIBITIEE A B LA, K51, 3

U— 5% R = R2< 0.001 &31UE, R =R,=00DH
FRREE ) SIRE BT 5 LA2RLTVA,
L7=2-T, ﬁaa(f))\u“jjjﬁﬁ“ﬁﬁ(f)/\"v—}i%%i?%ﬂa
WK T &g, oA S EO R @R TR
5T ENHKS,

1
1

mi Lo _Jl(®rc) (23)

N Iy - J3(®rc)

m3

200

160

120

Ty /ys

80

40

Applied Voltage (V)

5 Relationship between /,//;; and the amplitude
V, of AC voltage applied to the LN crystal for
several values of the power reflectances, A
and A,
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&1 Measured indexes of refraction of the undoped
and MgO-doped LN crystals at 4= 632.8 nm.

n() n(’
Undoped LN crystal 2.28653 2.20232
MgO-doped crystal 2.28115 2.19136

*& 2 Crystal sizes and measured composite EO
coefficients r, of the undoped and MgO-doped
LN crystals at 4=632.8 nm.

Material D (mm) L (mm) r.(pm/V)
Undoped 0.998 19.999 19.840.1
LN crystal +0.001 +0.001
MgO- 1.021 19.98

g0-doped 9-987 19.2+0.1
LN crystal +0.001 +0.001
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Dependence of the output signals /;; and /3 of
BPF,; and BPF, and the ratio /;//; on the
applied voltage for the undoped LN crystal.
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Dependence of the output signals /¢ and /5 of
BPF,; and BPF;; and /;¢/ /;; on the applied voltage
for the MgO-doped LN crystal.
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9 Relationship between A/ and the applied voltage
for the ndoped and MgO-doped LN crystals.
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[ 10 Relationship between the measured values of the
composite EO coefficients r,of the undoped and
Mg0O-doped LN crystals and the amplitude of the
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