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Domain switching characteristics and fabrication of periodically poled
potassium niobate for second-harmonic generation

Joong Hyun Kim and Choon Sup Yoon®
Department of Physics, KAIST, Daeduck Science Town, Taejon 305-701, Korea

(Received 13 May 2002; accepted 9 September 002

We report on the 180° domain switching characteristics and fabrication of periodically poled
KNbO; for second-harmonic generation. Using a modified triangular pulse, a periodically poled
KNbOj, of very high quality was fabricated with dimensions 0k 3x0.925 @xbxc) mm® and

a period of 32.5um to utilize theds; component of the second-order nonlinear optical coefficient
tensor. An efficient second-harmonic generation of a mode-locked Nd:YAG laser, operated at 1064
nm with a pulse width of 35 ps, was achieved with a maximum conversion efficiency of 34.8%. The
effective nonlinear coefficient, measured in the limit of undepleted pump approximation, was 5.2
pm/V, which is 68% of the theoretical value. @002 American Institute of Physics.

[DOI: 10.1063/1.1517722

Periodically domain inverted ferroelectric nonlinear op- In this letter, we report on the 180° domain switching
tical crystals are ideal for efficient frequency conversion uti-characteristics and fabrication of very high quality PPKN for
lizing quasi-phase-matchingQPM).}? Lithium niobate®>  efficient second-harmonic generation. Potassium niobate
lithium tantalate®, potassium titanyl phosphat®(KTP), and  (KNbOj3) belongs to the orthorhombic mm2 class with cell
its isomorph rubidium titanyl arsendtéRTA) are among the parametera=5.697,b=3.971,c=5.722 A. Potassium nio-
materials investigated the most. Each of these has its owhate is ferroelectric at room temperature. As the temperature
merits and drawbacks. Although periodically poled lithium falls from the growth temperatufé&333 K), it undergoes two
niobate (PPLN) and lithium tantalate have large effective phase transitions; one is from paraelectgabic) to ferro-
nonlinear optical coefficients, 17 and 16.6 pm/V, respec£lectric(tetragonalat 708 K and the other is from ferroelec-
tively, they must be used at elevated temperatures because 6 (tetragonal to ferroelectric (orthorhombi¢ at 498 K.

a photorefractive effect at room temperature. MagnesiuniKNbO; crystals were grown by the top seeded solution
doping in lithium niobate can suppress the photorefractivedrowth method with pulling at the authors’ laboratory. Since
effect, but the LiINbQ: Mg requires an advanced poling @s-grown KNbQ crystals consist of 60°, 90°, 120°, and
technique. KTP and RTA can be operated at room temperal80° domains in the orthorhombic phaSehey have to be
ture and can be poled as thick as 3 mm. However, since KTB1ade into a single domain by applying a dc electric field of
has high electrical conductivity, poling should be done at low#00—600 V/mm along the polaraxis before beginning the
temperaturd or with K* ions exchanged by Rbiond to ~ Process of per|o<_j|c poling. Thin plate samples were cut from
reduce the conductivity. The conductivity of RTA is smaller the single domain crystal and polished perpendicular to the
than that of KTP by five orders of magnitullégut it has ~ C-@XIs. The thickness gnd area of the sample were 0.6 mm
ferroelastic domains at room temperature. Consequentl*"d 9<8 mn?, respectively.

RTA has to be made into a single domain before poling. The coercive and internal fields of a KNGrystal were

Periodically poled potassium niobate, KND@®PKN) is determined by measuring a hysteresis loop, Whlgh was ob-
a good candidate for nonlinear frequency conversion using€"ved by the voltage across a 20 standard capacitor con-
QPM, due to its large nonlinear optical coefficierds{ nected with the sample in series, using an applied field of

—20.6 pm/V), wide transparency range (8.8 um) and triapgular pulses with a slope.of 9.5 V/'mm. per ms a_nd a
freedom from photorefractive effects. In addition, a reIa—perIOd of 200 ms. To characterize the switching dynamics of

tively low coercive field of KNbQ (~550 V/mm) makes it domf':;m;, t?ﬁ pollftrlzatlon curlre'\r)[t) was tals;)h Teasluredd by
easy to fabricate PPKN. The fabrication of PPKN angmonttoring the voltage acresa resistor that replace

i . . . the standard capacitor. A high voltage amplifidrek 20/
second hargmomc generatiofBHG) was first reported b_y 20b) and a function generatdifektronix™ AFG 310 were
Meyn et al” However, fundamental parameters for poling,

such as the strength of coercive and internal fields, and thlé'sed for supplying high power pulses of the designed shape,

. . . . . . and an oscilloscopéTektronix TDS 380 was used to mea-
relaxation time of the internal field, were not investigated, b€ 9

) . . . sure the voltage. LiCl-riched electrolyte was used for elec-
and an Op“”_‘”m poling co_ndmon was not estabhshgd. The_refrodes, the diameter of which was 2.4 mm. After poling was
for_e, the period of the fabricated P_PKN was not_sausfac_tonlycomplete, bothc+ and c— faces were either etched with

uniform. Consequently, the experimental effective nonllnear24%
coefficient(3.7 pm/V) reached only 52% of the theoretical

value,dez=(2/7)d3;.

hydrofluoric acid for 2—5 min., or mechanically pol-
ished with SiQ suspension fluid, in order to reveal domain

structure.
Figure 1 shows a hysteresis loop of the KNb@ystal
dElectronic mail: csyoon@mail kaist.ac.kr measured at room temperature. The spontaneous polarization
0003-6951/2002/81(18)/3332/3/$19.00 3332 © 2002 American Institute of Physics

Downloaded 18 Apr 2013 to 143.248.118.122. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://apl.aip.org/about/rights_and_permissions



Appl. Phys. Lett., Vol. 81, No. 18, 28 October 2002 J. H. Kim and C. S. Yoon 3333

]
oal ,pu\’?—-* ...4_..,_,.)
/ : "
1
12
P z - | it A
g 00 f . 4 : - -
- ; ! i SR T g e L
o ] : : P R e
04} ; ! o R A g
) -._ﬁf.-o—o—.—n—..‘ —
1 50 pm (a)
Tl

-400 -200 0 200 400 600
Applied field (V/mm)
180° domain ¢———

FIG. 1. A hysteresis loop of KNbQ "'1’21!5\);.
ST

is 0.42 C/n3, which is almost the same value as that reported
previously'! The internal fieldE;,, and coercive fieldE,
were 169 and 552 V/mm, respectively. The coercive field
corresponds to the electric field required for domain wall
motion. The internal field is caused by charge imbalances in
the presence of lattice defects, such as ionic vacancies an
antisitest> When polarization is reversed from one orienta-
tion to the opposite, the defect charges redistributed to mini-
mize the total free energy of the ferroelectric system and a ®)

rela‘xat_lon of internal f!eld pccurred over a,pe”_Od of time, FIG. 2. Polarizing microscope images@j thec+ face with 60° domains
which is called relaxation time. The relaxation times of the,nq b) the beveled:+ face.

internal field in KNbQ for forward and reverse polings were

35.1 and 45.8 ms, respectively, and were measured by em- o _
ploying the method similar to the one used in LiNg&  the speed of space charge redistribution and the generation of

Two distinct relaxation times, fa$65.5 ms for forward pol- the 60° domains in the surface layer is more convenient than
ing and 125.2 ms for reverse polingnd slow(a few day, ~ the space charge relaxation. o _
were reported in LiINb@ and a different type of defect is Based on the findings above, periodically poled domain
responsible for each relaxation tinleHowever, in KNbQ  structures were fabricated using a single domain KNbO

only fast relaxation was observed, suggesting that a singlerystal plate of 5¢9x0.925 @xbxc) mm®. A periodic
type of defect is responsible for the relaxation. pattern of photoresist was formed on tbe- face using a

Four types of domain (60°, 90°, 120°, and 180° do-Standard photolithographic technique with a period of 32.5
maing were reported to exist in KNbgcrystals!® When the ~ «m and a duty ratio of 0.375. The period of 32u was
poling field was below 600 V/mm, only 180° domains were obtained from the Sellmeier equations given in Ref. 14 for
observed. However, as the poling field rose higher than 60031 (=11.9 pm/V) component. Although it was more advan-
V/mm, 60° domains were observed on the surface of dageous to usds3 component, control of the QPM period for
sample. A polarizing microscope image of the face re- ds3 at a wavelength of 1.064m, which is 6.35um, was
veals that two types of 60° domains represent bright contradieyond our fabrication capability. The region where photo-
and the other two types dark contrfiBtg. 2(a)]. To investi-  resist was not deposited was in contact with liquid LiCl elec-
gate how deep the 60° domains penetrate into volume, tholyte and acted as an electrode. The entire face was
c+ face was beveled with an angle of 8.9°. As shown in Fig.kept in contact with the liquid electrolyte. Since propagation
2(b), the 60° domains disappear at 492 from the top velocity of the domain wall is much faster in tlaedirection
edge, which is in the+ face. Thus, the thickness of the 60° than in theb-direction, high quality periodic domain struc-
domains is estimated to be 492nxtan8.9=7.8um.  tures could be only obtained when tkevector of the elec-
Once the surface layer was removed by polishing, the 180trode structure was made to be parallel to thexis. The
domains remained intact, which confirms that the 60° dototal area of poled region wasx®.3 (axb) mn?, but the
mains exist only in the surface layer. The generation of thearea of the periodically patterned electrode was43a
60° domains in the surface layer in high electric fields mayx b) mm?. To avoid generating 60° domains in the surface
be ascribed to a neutralizing process of space charges that dager and to facilitate the formation of 180° domains along
placed in the surface layer of the 180° domains. In low electhe field direction, a modified triangular pulse was designed
tric fields, the speed of domain wall motion is slower thanwith a peak intensity of 525 V/mm, which consisted of a
that of space charge redistribution. Therefore, the spacmain part of triangular shape with a slope ©f10.4 V/imm
charge relaxation provides a more effective way of stabiliz{per millisecond and a tail part with a slope ofl.1 V/mm
ing the 180° domains without resorting to the generation ofper millisecond(Fig. 3, solid ling. The function of the main
60° domains in the surface layer. However, as the appliegart was to induce domain reversal and that of the tail part to
field goes higher, the speed of domain wall motion exceedgrevent backswitching. Considering the relaxation time, a
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FIG. 3. Applied electric field pulse of a modified triangular shapelid Fundamental pulse energy (mJ)

line) and the corresponding switching currédbtted curve )
FIG. 5. SHG pulse energy as a function of fundamental pulse energy at

1064 nm wavelength foa 4 mmPPKN.

single pulse with a duration of 250 ms, 100 ms for the main

part plus 150 ms for the tail, was applied. The correspondiné’mse energy 0f_0.32 m_.J._The effective nonlinear coeffigient
switching current is shown in Fig. &otted ling. A total was measured in the limit of undepleted pump approxima-

charge of 7.8.C flowed to the poled region, which is 106% 0N, usirg a 9 nspulse width Nd:YAG laser to avoid group
of the values calculated from the spontaneous polarization o}feloc(:ty mismatch, andles=5.2 pm/V was obtained, which
0.42 CInf. Figure 4 shows a micrograph of ther and IS 68% of the theoretical value, (2)ds; .

c— faces of the periodically poled KNhOcrystal, which Iq summary, we investiggted the domain switching _c.har—
was polished with Si@suspension fluid. The periodicity of acteristics of KNb@ and designed a pulse form of modified

the PPKN is well defined and uniform, indicating that the ifiangular shape based on the poling parameters determined
PPKN is of very high quality. The observed duty ratio of fr.o'm the investigation. By 'est.abllshlng optimum .pol|ng. con-
0.41 is slightly larger than the duty ratio of the patternedd't'ons' we fabricated periodically poled potassium niobate

electrode, 0.375, which indicates that a broadening of 9.307yStals with a dimension of 84x0.925 @axbxc) mi?

of the 180° domain walls occurred during the poling processf© duasi-phase-matched second-harmonic generation. The

A 4-mm-long piece of PPKN with a 32,6m period was excellent quality of the fabricated PPKN was proved by the

used for second-harmonic generation of a mode-lockeyniform domain pattern, a large effective nonlinear coeffi-
Nd:YAG laser operated at 1064 nm with a pulse width of 35¢1€Nt 0f de=5.2pm/V and a high SHG conversion effi-
ps and a repetition rate of 10 Hz. The fundamental beam waS€ncy of 34.8%.
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