Journal of Korean Association of Crystal Growth

Vol. 7, No. 3 (1997) 384 - 392

] A PBAS potassium lithium niobate F2A %4

g
ety AHeFEE, A&, 151742

Single cerystal growth of potassium lithium
niobate for nonlinear optics

G.Y. Kang and JK. Yoon
School of Material Science and Engineering, Seoul National Universily, Seoul 151-742, Korea

2t Folxe HAS HEBAFIE= v]AYFE A=< potassium lithium niobate( KLN)
ARLE Aol WY tungstenbronze T2 E ZE AFFAA el AAGFo) vi¢ oym
A AAHE B FHd Are T o8 nEAY GAAS Ariv 4A ¢t

313 =5 A7l 499 Foo 7 A W E dolp A dF B4 By
v 2AAMA 2z 8 oF 10C AE =& 1000CAA FLde 1.46x107° g/(cm?hr) 2 m|k
Aok HFHE YA AR AHE3T o 8F S Fo AYS o AL HAAH)
€ A8t & EFAS vmA Yy 1 om A=) KLN 92Ae 4344 4 U
Aol TE &= 490CE A Raud AXo :2olgith OH wixzo] 2% 3sta ojutA
IR ggeA 3.

o8t oorfr o oox L tO
* 5
T oL
O °>~

Abstract Potassium lithium niobate(KLN) single crystal for a nonlinear-optic material,
which changes the wavelength of lasers, has a ferroelectric tetragonal tungsten bronze
structure at room temperature. It has been very hard to get single crystals of good quality
due to the cracks during cooling process. In order to investigate the composition change
due to the evaporation of solution during the growth, the thermogravimetric analysis was
carried out. In atmospheric condition at 1000°C which is about 10°C higher than the crys-
tal growing temperature, the weight change was negligible amount of 1.46x10~% g/(cm?
hr). By using both the Pt plate as the nucleation site and the slow cooling method with
temperature fluctuation, KLN single crystal of good quality of size 1 ¢cm could be obtained.
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The phase transition temperature was 490°C, which was higher than that reported by

other researchers of the other composition. The optical anisotropy due to the absorption of

OH- band exists in the range of IR.
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Table 1
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..\ | /__

solution

T/C inwulator

: /

seed holder
(alumina tube)

solution

Pt plate

Fig. 1. The schematic diagram of single
crystal growing apparatus.
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Techniques carried out to grow KLN single crystals

# Cooling rate  Seed Pulling Rotation  Notes
1 05C/r no no '
2 2-3C/day poly no 30-40 rpm
crystal
3 2-3C/day no no pt plate as nucleation site
4 10°C/day no no pt plate as nucleation site and

temperature fluctuation




¥ A g3 & potassium lithium niobate 722 &4 387

AL oA AW F2 AR AE-3)
Aok AN =R o 100C & &
EE 2% 3o g 383 £ o
+ 20C/re] W&z e AXFPRL x4
990CE =% 7Zs A F F4 oAA
€ 44 Fax §9g 23C/day9] ‘ﬂ’—}
$52 Aystd £2 A 44L&
PAA SAAE G223

=g Ay o4& AR ¢ iy
Hg B ALY A2 ATy @4
o] WF HolxFEl JAso] oprlr &
vk 249 4L AT Y4 ‘H’t—%}
A 47T A7 Ave $25 BAE
B3 A qé’é—% AR A+ WE
Flr%iﬂ} AARA7%S g5 FAlN 9F
< P& Qe sld ‘%‘57-}-’-'?- —
-?r"*"c}ﬂ TFEAAN ZFAEY] T2 el
3t 25 oo gdE FHdde
2 WAstr] Y3t 600°CANA 400CAA =
5C/hr2 st e F3k2 30C/hre
W&z 2 Y& 3.

4748 KLN 27249 Ao} &% (phase
transition temperature)® & 3A3}7] 95t
Perkin-Elmer DSC7¢] A|x}FAtdzkAE A}
454k $&45E 20C/mine® 600C
7k2] A3t

AR F 449 3L KLN 2239
A= %"JH z4< "434 174 AR=E e

A4 99 A% BHE AN Ashol
B A A" dF% 247(TGA,
thermogravimetric analyzer)®& Cahn 1712
25 1070gels At} n¥Bez A
€ FEE ok AY 249 4o
dde] 1em’sl "—‘1‘:‘ E7hdel Z4dst
AY 2274 & F 7] FelA F

Koo o o

Ao WEE SA4% %

%, a-5 WFY FFFEET $As 3
F+<2(cutoff frequency) @ OH- F4 o
T2 o]lF A& =AY $1% UV-VIS 03
oqe] F3x UV.VIS spectrophotometer
(Hewlett-Packard 8452 A)E o]&3%ld =
Agen, IR 4499 §£35& FTIR spec-
trophotometer(MATTSON 500)& o] 43}
238390k AW ool paste(1/2
em)E AHESY AdddnlE & F &5

At

3. Zat « 1nE
3.1 EF%F £4d g% FA9 #x

1000C $2elA FA BAE S

A% o7 B4 S99 AP wWsts 146

x107% g/(cm*hr)elgict. & AYPo A A&
¥ KLN 924 A3 93 7l A 7o)
5cme]|BZ 7] For Lo A=k w3
£ 287x107'g/hro 2 s oko] uj$-
Ho] §4o] =4 Wilole A 9%E 0
A7 4& AR AR, o] 44 A
A3k KNbO; ©Z2AE A4 u A7)
& K09 #Hdo] o3 Azke] wWsdce
o+ H2d([7] ol Li 0o &xfol 2fsfiA
AgYo] F7isly K09 o] o=
Ao Az,

3.2, Aol o9 RRAY A%

F& Y JdAHE 53 slA¥RE

271 fsteds =
L4 s FHE
2, 9L 2 ?Bﬂﬂ %’&3}\4[8]- Fig. 20



388 B4, &%

deht Qo] @ ARlAE 5C/me of
F 2 Lzl AHEE T

A KLNe $2 ZAA= AHSHe EA
2 potassium bismuth niobate(K,BiNb;sO,s,
KBN) ¢} strontium barium niobate(Sr,_xBay
Nb,Os, SBN)z& KLN3} 7Z& #3249 tung-
sten-bronze FZE zZt3 H-Hol KLI\/I.E'.D}
e ZAAL AHLsAY, $A48 (congruent
melting)2 3= KLNZ=A(K,0: Liz(); Nb,Os
=30:7:63 mol%)¥& czochralski wi¥jo 2
HAAA Qe ARG s PW 5ol
Aoyt AAZE oo gt

Ao AR AN A$E Fig

A AAY de $Ho= U3}
22 cracke] Ao A ZHFeo
%2 2322 274 morphology® 73}
t 23E = ve 8 Fol U
YALERE e 24T 440 F &2
o Fejrh Flo] vebio
AdEE 949 £ FaAA vug 9y
0

(4]
o
T

100 |

150t

200t

250}

300 , E
S/L interface

Distance from the entrance(mm)

35 A ; ; )
Q00766 860 960 7000
Temperature ( °C)

Fig. 2. Temperature profiles of the fur-
nace.
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(c)

(d)

Fig. 3. (a) Crystals grown by the slow cooling method without seed crystal (b) The typi-

cal single crystals from the crystal grown by the TSSG method using poly crystal as a

seed crystal (¢) The crystal grown by slow cooling method using the Pt plate as nuclea-

tion site (d) The crystal grown by slow cooling method using the Pt plate as nucleation

site and temperature fluctuation.
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Fig. 4. The temperature fluctuation profile
for the growth of crystal fig. 3 (d).
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Fig. 5. Transmission curve of KLN single

crystal grown by slow cooling method.
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Fig. 6. Absorption coefficient of KLN sin-
gle crystal grown by slow cooling method.
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Fig. 7. IR transmission spectrum of KLN
single crystal grown by slow cooling meth-
od, (the direction of beam/c-axis).
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Fig. 8. IR transmission spectrum of KLN
single crystal grown by slow cooling meth-
od(the direction of beam/a-axis).
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