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Electro-Optic Property and Voltage-Controlled Diffractive Property of
Fe-Doped Potassium Sodium Tantalate Niobate Crystal

Chen Qizhen Tian Hao Zhou Zhongxiang Hu Chengpeng Meng Qingxin
(Department of Physics . Harbin Institute of Technology., Harbin ., Heilongjiang 150001, China)

Abstract Electro-optic and voltage-controlled diffractive properties of Fe-doped potassium sodium tantalate niobate
(Fe:KNTN) crystal are presented. This crystal is grown by the top seeded solution growth (TSSG) method and the
Curie temperature is 15 C . Effective quadratic electro-optic (QEO) coefficient R is measured with the one-beam
ellipsometric setup, and its R achieves as high as 1.05X 10" m?/V? near the Curie temperature which is about
19 times that of LiNbO; under an electric field of 500 V/mm. R declines with the increasing temperature. The
voltage-controlled diffractive property is measured by a two-wave mixing setup. When the external electric field
increases from 0 to 900 V/mm, the diffraction efficiency increases firstly and decreases afterward, and reaches the
maximum value of 80% at 700 V/mm. These results show that Fe: KNTN is a promising electro-optic crystal and
voltage-controlled diffractive crystal.

Key words nonlinear optics; voltage-controlled diffraction property; two-wave mixing; potassium sodium tantalate
niobate crystal

OCIS codes 160.2100; 160.5320; 190.7070

1 5l = S0 2o 41T Pk 355 G P O O AT 5 8 )
4 B CEHD 2 — R P S I S P il p 4TGRO HY
B K A B W R T O OT 6 M P, 160 8 1 B (KL TND A TR 3 el

DA R A it 2 A5 o) HL A JE 1 R ) 4 L H(QEO) 2 EUK AT H R 5y LA K 40 R0 9% 1% i) Ly
JrAE AR & RS A et R R P CE MO A R IR B B0 AR

YriE B H: 2012-02-01; W EIfEeciE B HA: 2012-03-01
EETH: HRERBFHES (50902034.11074059) FI T A 1145 78 Hh 7 45 54 (JC200710) %5 B AT .
TEZE® A : PRIRE2 (1988, I Wl - AT 5 Az 32 2 A S 40 6 2 B 400 o 4 vl D't R o 48 0 43 468 O T 1) AF 9
E-mail: hgchenzhen@163. com
SURE A K972 L, B H, EEMNF G DI RER B T W5 . E-mail: menggx@hit. edu. cn
* JBISEK & Ao E-mail: zhouzx@hit. edu. cn

0706002-1



i

# ot

EJE R AR AR 5 B i KLTN 54k A= K R dE 1 )
F Na B Li A F] T 153 51 5 062 5 & i dh ik,
HAET. O A SCHR R GE 28 5 (M) /19 41 98 B2 #1740
(KNTN) & il g5 17 S 35035 51 80 %6, 8 Fe i
A BE K KL A A R A SRR L H R B
Fe (1) KNTN & 74 (1 o F A7 5 1 o oK WLl . A S
R FH TO0 S0 s B 3 39 A K (CTSSG) B4 K T o o i
35 Fe i) KNTN S, % H A o v g K ol 2 A 5
PEREIEAT T REMITFF .

SE LRI TSSG AR T Rt a3
Fe(W) R 43 B0 0. 03%) i) KNTN @ik, 4 K
A5 KLTN @R ARl Kk iy Lool J5h 7y
ISR A 9E 2. 3 mm & 3.9 mm,J5 1.5 mm ()
W IR FLEAT 2 P LR T 2 e
R o T R A L AR I R 1% 7 A i 2 1
A 1) 37 77 AH 55 00 7 AH B4 AH AR I CRD s LR T s

SEJ7AH KNTN @R (9 #6380 BE AT 3208

R, R. R, 0 0 7
R. Ry, R. 0 0

0
0
R, R Ry, 0 0 0
0
0

ER,,’]: (D

0 0 0 Ry, 0

0 0 0 0 Ry

Lo 0 0 0 0 Ryl
TE A AR L0017 [ i i 3 E . 2438 58 J7 1) Ay

LOT0 177 i it s b fA 9 L0015 [100 J75 1) 47 S 4 A2 4k

QEV|

An, =An, &=— %ngRlz E*, (2a)

An, A~— %ngRuEz, (2b)

X An Any, FAn. 53 5] F 7w [100], [010 ] Al
LOOT 175 1y g #r b A8 4k . W[ 100 J45 [001 175 1) #Y
Pt A 2 250

An =An, — An, =— %ns(Rn —R,)E* =
1 5 2
— " RxE", (3)
2
A R B A 3508 6 R A

TEA RCH O 28 B0 v 3 ' RO i
Ot Z B0 8 7R 48 (PSCA) I & 14 | T #6300 5
YT AR 1 TR . BOBR KR
632. 8 nm, i i dr P S a ik S 09 ERR 457, A C

N A/ SRR A 457 K g A SR (e & P
M H L PRN f OSSR AL TR B KR 4% (SRS
SR830) i H » e He K R A n A i 1A B 28 Al
(19 6 58 155 22 O L R i e 1 O HL TR A 5 ey B
BORAS TR . 1 T A KNTN S iR B g
JERONE + T LA BRI R A 8 #5600 i R RO 2 f /O
o T ISR RE 8 A LR S 2 A BT R
HRAROLIE R I R

CECRVEC)

polarizer = sample /4 plates polarizer photo
He-Ne P S C detector

e 7] A A
) IERIY

; SRS
amplifier SR 830 |

computer|

BT PRl oA e 2k v D R B0 & R 50
Fig. 1 Schematic drawing of the setup of the PSCA

for the electro-optic coefficients mesurement

TERT SRR M W P 5l T S R
FEIE 2 s, BB 532 nm. #OE
21 oy RBT (BS) J5 70 B HOGAE fi AR B 18T 9
BB ASG e S S 20, H PR A 4k T 16
WTE ) TR . A bRl D 1] 55 & 1A B 32 Bl iy
Jr ) —E A 2 s s L Ah e g Eg 506K 1
Jr T K BIUT AR = R . R HhE SR R
PRI R R T 38 AR 2, B RE At 1,
HAMmE S 00 SeMt S b Z )5 » [ B 5 P A P
Pl AERR R B b AN 3. AT I AR T 1 0
A RN B 1) ' 5 RORT S OCIR O Lo B A 7 RO Al 332

shutter 1

mirror

tunable
attenuator

sample

2 [001] tunable detector
attenuator
2 [100]
y [010]

K2 —oa ik E

Fig. 2 Two-wave mixing measurement setup

0706002-2



WRIn 245 .

15 Fe [ 5HF8 IR 41 49 it 1S 1) 1R 01t B W 125405 S 1k E

WO Fe o e AT 3 BRSO

_ L

n= I (4)

3 g R Ko

FHAFE] T REF R A Fer KNTN A
PRI LR AR5 1) AT T b A R L001 T 7 1) » feh A i 4
53 0 Ko.osNag s Tay 55 Nby 1, O; o Bl 3 251 1 &R 19
AR A Fi AR R Al 3 1% 7 Al o £ 2 3 R I B S
HLIR (15 COE i A i 4 i R AR B B R (.
i € T ML N i AL TR AR . A i
AT LA T S B R B O R AT R B A L R K
AT AT LA HE DB 75 i FEL 3l R R 3 o A LA SR ) —
LR

5000

4000 [

u.)

3000

2000 -

Relative dielectric constant
e (a

1000 |

-100 50 0 50 100 150
Temperature /C
3 XA R BBE IR R AR i £k
i £ 0 (i % o7 e B Te =15 C
Fig. 3 Temperature dependence of relative dielectric

constant, the peak of the curve shows T.-=15 C
FE LG F B0 R e S R 3 Y R R
27.7 Hz X T KNTN g #4535 A 01 28 58 1 /N T Ho
PRI R T LA SRR TT LA R F A RS, B4
T 17,5 CHETH AR | An | BE AN 3 19 °F-
T EP AR R AT LR M [ An | BEE E 2t
R B R O MR A5 20 0 3l R AT LA
AN AR RE A Ry=1.05X10 " m*/
Vi, S gy T AR R A RO O R R A I
AR . BT LUE I 76 Ja B LA 1
MU EEM 17.5 CHIINZE 35 CHf, SR A 3k
HLJE RO 1. 05X 107% m?/V? Ji /b & 8. 24 X
107" m® /V* 1 HL7E Fe B3 B BT H s R B0/
TR AR . fE R BLR DL L SR RS
MR KRN
R=¢l(e,—D(,— g, (5)
Krfeo WESNHERE e, WA HRE .2 N
Wt 2. MiAAE Wemple 2570 (1 #1676 A [6] IR

FET SR IO R B g JEAAR AL 2545 1 319 A i
T AT DA 2 R 1) O 2R B IR P AR e T R
T s AR PR RS A PR 2R B ol 0 A e S B0 L T
LA Je L R 30 AH 6 A Fi 28 5000 1) Wi J3E R
HOOL R BB,

w10
[
< L7
£ g -
> 2
E=l=] e
E2 .
o~ 4+ P
OE /!
=l -
5 /‘/
> 0r -
0 0.1 0.2 0.3 0.4

Square of electric field /(V? /mm?)

B4 i 28 10 B L 3 1 F- O A2 4K
RE LR LA LG 55
Fig. 4 Variation of refractive index | An | versus the
square of external electric field E*, the dashed

curve is the linearly fitting results

1.25

eff
e o
| (=3
ot (=]
T T

o

o

=
T

/(1075 m2 /V2)
n

025} -

Effective QEO coefficient R

(=)

15 20 25 30 35
Temperature /C
&5 ARk U H G AR B R B A 1k
Fig. 5 Variation of effective quadratic electro-optic

coefficients versus temperature

H AT S o N ok AR b S S A TR]
240 s, FIOEER y 2 mW L, WE A B3 1y 4> i
PR GRS E 6 Iz o M P RO 0 I f1 20 Ry
15°, fb ik g 4 s 324 700 V/mm, M P H 5K 3
LR BT AR 8000, B T 4y T AT G
KR BE SN e 3 1 728 1k il 26 2 TR A 0 1 m F
900 V/mm B, 777 5 0% 0 84 fm 2] 8020 . SR )5 &
R0 5 T ) R G R T SRR BB A X

n= sin® (A S;i ‘9778ReﬁEscE> (6)

LA B SR d O A DTS 1 SE R LA e St
A FR) AR DI 4 s DA o AR R R 3 IR B S R
E. bR 23 i i . E SRS .

R b 2 BT SCHR 138 B e AT S R R 75040 Y

0706002-3



# ot

2.5
260=10°

2.0+ E=700 V/mm
2
E 15}
Z
£ 10t
E

0.5+

OF
0 2 4 6 3§ 10
Time /(10° ms)

6 A3 B b o Bl I ) B9 28 1k
Fig. 6 Variation of the light intensity measured by the

detector in the whole process

i 80+ ‘.1‘. ._,' LN

>

g 60} N ‘

g i ;

) \ "

g 40t " ;

=1 \ 1

2 \ /

s 20F LY .

% \ /

% [ u T=20 C
& of o 26=10°

-1.2 -08 -04 0 0.4 0.8 1.2
External electric field E /(10° V /mm)

K7 BRI A BT IS 4 R

Fig. 7 Diffraction efficiency versus external field,

the dashed curve is the fitting result
Cu: KLTN @k Mm% 240 V/mm) Fil i KAT
SRR A 60% () Cu, Vi KTN § & (UM e 35 4
300 V/mm) % Fe: KNTN [ {4 3 3 1 3 o 47 14
FLPEATT S I 1 L LA PR AR A B AR 1 L N R B A

4 4 e

AT I A B Fe (1) KNTN g 44 1 B 6 2
RE S L AR B g L 15 21 S IR B AT 30 R HOG R
S LR ER T A 2] 1. 05X 107" m*/ V7, SRR Y i 4
TS CRAESMINE 32k 700 V/mm B3k 3 5 R Al 24
Sk 80 %6 . H T HL v AT S AR B A A R 1 e
Fe: KNTN @ &7 i 45 4 B 4 48 B B AR KGN A
Wi,

Z £ X #t
1 Aharon Agranat, Victor Leyva, Amnon Yariv. Voltage-
controlled photorefractive effect in paraelectric KTa;—, Nb, O3 3
Cu, V[J]. Opt. Letz., 1989, 14(18): 1017~1019

2 Ahron J. Agranat. Optical Lambda-Switching at Telecom
Wavelengths Based on Electroholography in Infrared Holography
for Optical Communications [ M ]. Berlin; Springer, 2003.
133~161

3 Zheng Jihong, Chen Gang, Gu Lingjuan et al.. A novel
electrically switchable holographic polymer dispersed liquid crystal
Bragg grating[J]. Acta Optica Sinica, 2003, 23(4); 491~495
HARLL, Bk WL BRI S B8 A W A WO B RO R 1 F
PR BOEMLI]. £ Fm, 2003, 23(4): 491~495

4 Zhang Jian, Fang Yun, Wu Liying e al.. Liquid crystal beam
steering technologies [ J ]. Chinese J. Lasers, 2010, 37 (2):
325~334
ik, B, RA F WG RmERALIL FEB L,
2010, 37(2). 325~334

5 Benny Pesach, Guy Bartal, Eli Refaeli et al.. Free-space optical
cross-connect switch by use of electroholography [ J]. Appl.
Opt. , 2000, 39(5): 746~758

6 Benny Pessach, Eli Refaeli, Aharon J. Agranat. Investigation of
the holographic storage capacity of paraelectric K;—, Li, Ta;—,
NbyOz:Cu, V[J]1. Opt. Lett. . 1998, 23(8): 642~644

7 Zheng Chuantao, Ma Chunsheng., Yan Xin et al.. Improved
design of a polymer Mazh-Zehnder electro-optic switch with a
wide spectrum of 110 nm[J]. Chinese J. Lasers. 2010, 37(1):
136~141
AW, BFEA, B R 4. 110 nm SEME D61 5K BT
L] B sk, 2010, 37(1) . 136~141

8 Feng Yuanming, Wang Xingping, Yang Huan et al.. Study of
wavelength beam combining using off-axial holographic diffraction
optical element[J]. Chinese J. Lasers, 2010, 33(7): 1734~1738
MmUY, EXOF, B R G5, B 4 BATT S OEF I 2R
HAABIsELI]. FEgE, 2010, 37(7): 1734~1738

9 Aharon  Agranat, Rudy Hofmeister, Amnon  Yariv.
Characterization of a new photorefractive material: K;—,L, T —,
N.[JJ. Opt. Lett., 1992, 17(10): 713~715

10 Aharon J. Agranat, Lavi Secundo, Noam Golshani et al..
Wavelength selective photonic switching in paraelectric potassium
lithium tantalate niobate[ J]. Opz. Mater. , 2001, 18(1): 195~
197

11 Hao Tian., Zhongxiang Zhou, Dewei Gong et al.. Growth and
optical properties of paraelectric K;—, Na,Ta;—, Nb.O3 single
crystals[J]. Appl. Phys. B, 2008, 91(1): 75~78

12 Hao Tian, Bo Yao, Zhongxiang Zhou et al.. Voltage-controlled
diffraction modulation in manganese-doped potassium sodium
tantalate niobate single crystals[J]. Applied Physics Express .
2012, 5(1): 012602

13 Hao Tian, Zhongxiang Zhou, Dewei Gong et al.. Photorefractive
properties of paraelectric potassium lithium tantalite niobate
crystal doped with iron [ J J]. Opt. Commun., 2008,
281(6): 1720~1724

14 M. Aillerie, N. Theofanous, M. D. Fontana. Measurement of
the electro-optic coefficients: description and comparison of the
experimental techniques[J]. Appl. Phys. B, 2000, 70 (3):
317~334

15 S. H. Wemple, M. DiDomenico, 1. Camlibed. Relationship
between linear and quadratic electro-optic coefficients in LiNbOj ,
LiTaOs; , and other oxygen-octahedra ferroelectrics based on direct
measurement of spontaneous polarization [ J]. Appl. Phys.

Lett. , 1968, 12(6); 209~211
RERE: # %

0706002-4



