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Phase Transition and Relaxation Properties of Nonlinear-Optical KTP

Single Crystal
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Abstract

We have carried out the measurements of complex dielectric constants with impedance/gain-phase analyzer
using capacitor method and the experiments of high temperature X-ray powder diffraction with X-ray
diffractometer using 8—28 scan method for the KTP single crystal which has the premium nonlinear
optical properties. From the results of high temperature X-ray powder diffraction experiments, we have found
that KTP does not undergo structural phase transition below 900C. It is clear that KTP undergoes structural
phase transition around 900°C and belongs to orthorhombic above 900C still. However, we have applied
phenomenological relation of dielectric relaxation to the results of complex dielectric measurement and have
found that relaxation mechanism of KTP well satisfies the Cole-Cole relation over the temperature range
from -78C to 200T. And also the relaxation time well satisfies the Vogel-Fulcher relation. It is regarded
that the hopping and thermally activated diffusion mechanism may control the conduction behavior of KTP
above 200C.
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Fig. 1. X-ray diffraction patterns of KTP single

crystal powder as varying with temperature.

4eold 248 KTP
Miller A48 234

)

279 3 peak Sl old
Az PF 02%2 23 o
m RE F3 peak S0 (DAL BEHY1, o] 2

= JCPDS % ©2 d7AE 4‘%} Z 428
i °‘°‘31 MasseE[“]"] A &4 7t o3 3
4 peak 7HA 2T goladch® wak ohug 1000C
Ao BE X4 52 FHSe ()AL # BEw
o EE peak Zof sl AWAAY Miller 152
2AY + AATh G A KTPE 1000C 7+A 2R
(crystal system)&= ¥3gle] ALAHAZE FAdtn
% 4 Y3, 90T ol FiNE 2e FYAA Lnow
T gastE 22 Aot dojudn 2g 4
o,
7t exolA KTP B2AY Azgss (DAL A
43t} 78 Miller A5& o] &3te] A3 uo)
@ Cohend) HaxswBoz 78 & o g7

mn rle

lo
N}L

t‘

dﬂ

0,

i?,_x

o g Cohend &AttE th&a 2t}

sin’¢ = Da + CB + By +AS¢ (2)
71N, D = A%4a® C = A%4H', B = A%4c7,
A=D/10 o3, o = K, B = ¥, = P

’ 7
8 =10cos®#sing ot TLas 4% A B, C D
#EL U FEWAYEZRY +& ¢+ g

fasin’0 =D a’+Clef+Blar+ASas

SB8sin?0=DZaB+CEB°+BZBr+AXB s @)

Zrsin?0=DSay+CEBry+BIy +A37 S

Zosin?0=D3as+CSB6+BEy s+Ax6?

©2%4 KTPY 44l 2 95540

& A7

p

fuas)

Miller A%l 2143 Q)8 Agatel Fa AR
FE AL a—12.8274A, b=1058624, c=64009A
9tk of A%E Tordiman 579 279 2 Az
At £Eq B KTP 9249 2444 2 v9%
o »auste 19 2% 19 39 dehigly.

1 3 - - cmmenaecre
b...o....o...o...e..._o....9....0. §a) :

— C ]
o< [ o parameter a ]
~ 12 ‘-
— t v parameter p 3
% e parameter ¢
-~ ]
&
Q 11f ]
(&) ’ v v
m r-.'....;v-..".-v.....'....'....v--..'-----------:
2 ]
= [ p
«© 10J'/ 7
- A 4

s

2 Gt I SED ST T S R S S

200 400 600 800 1000
Temperature (C)

a9 2. KTP @24 ZaAdse] 2o e #sh

Fig. 2. Temperature dependence of lattice parameter

of KTP single crystal.
950 v T T T——— T T

sS40t |
Orthorhombic

930} (mmm) ]

920
g
—,'

g10
900

890 .
Orthorhombic o n-

880 (mm2) .+

Volume of Unit Cell (A%)

870f. ..o -*-"®

860 |-

850

200 400 600 800 1000
Temperature (C)

2% 3. KTP 924 99T 29 2k & W3

Fig. 3. Temperature dependence of unit cell volume

of KTP single crystal.

- 388 -



:l?é 2014 BW 900C Wl AAME ¢ o B

& Wste QAT AANST b A E BdS et
%52111711 YetdR, AxdE g A% g Bl
a2y oy 3004 BE 9Fe 5443 ok

9
do| &% olstolN T
o1 mm2g ©a ﬁ?z}%ﬂ Ao e Ale A
L

Wi #AF 4 A
AFAE 93 mmm«] fAf+zE 713 e
obgl vt 9g oAk M 39 1914 00T o
AHFHE fredol ofd 244 3A
9, ol& &7 doudegx =
o &ZFUh 28 2R ¢se g 2v

2 204 Aok oldtelAle] Halel 7
RH KTP ©2%9 A844% AFE Ta9
#e au=2705x107/C, a»=3235x%107/C,
200x10%C 22 94 g

woln g1&g stk

ox
2
2

o

TS
d

yo, H
-9 wjn
T

23
o
l’-l ¥° ruzi
lo

o
N
Ll HU )

I
w

33

rLus:}-J

s
o

2. FA A3} 54

30
0

,
i)
kX
o
et

3% 40l KTP ©Z24 e 250 we fFHagst 24
EFE B X-A HEAY ZHoAM o] 2x9Y
dAe ddol7t glgol BHsity. et of fHold
& Adolg Bol gl ZA R T4HQ 2%
ol 46}1 TAsE fH9d EHoR BE Aol 87
sth of FAdst @A o] BuHe glE 50T

)E:]'

A3 w2z}, Zl"” 4°ﬂ A R ” ) AN ORRE
&3 22 ColeCole type™ ¢ 4A¢348 17

W& 13

Complex Dielectric Constants [€%5,]

101 1 '] N 1
108 10* 108 10° 107

Frequency (Hz)

a9 4 KTP @249 fAds ~dey,
Fig. 4. The spectrum of dielectric relaxation for KTP

single crystal.

€p = €
1 + Gor )"

e(w) = €& + (4)

A7NN 1, & LEIEAC] Y BN, e,
% e. & 242 AFNS @ DEFE IPINY §

Agolrh 2] (oM AF ae 0<a<l Aolg g&
A, 2EgEAC U ALZ BFHA, -0 9
Fol A Debye type o2 #AHT o] 47}

2 7187], tanla 7 /2)& ZA ST}

4 @WE 455 SFFE 2eldte] vetdo] Y

(e,—e1+(wr ) “sin(e x/2)]

e (w)= et 1+(w )™ 4200 )" “sin(e x/2)

e ()= (e, cuXwrp)' “coslex/2)
1+(wr,,)2“ ")+2(wr,,) “sin(a 7 /2)
)]
225 %4 O $3E8(”) peak £ o &

of AR wat Huh guts HokE S AdEa

Debye type & £7o] iy peak %S HAF
82 Cole-Cole #744& Debye-like ¢3}4jolgtz B
21}k o] Cole-Cole type €349 FA&4 g

- 389 -



f( )z_l« sin(a 71)
¢ 27 cosh[(1—a)In{z/z )]—cos(a )

(6

2 g9 an”
1Y 58 BY wwsd Debye BAARUE
Cole-Cole #744<¢ w231 J&es & 5 grh

Cole*Cole plote] 7H5& 400C 74A19 data2FE <

& Cole-Cole 9349 44 FES 2xd wet A&
gtal & 1o vehfdc
10* - r T T
, at 100°C ]
€33 e data 4
L eeusess Debye
——Cole—Cole

10’

Complex Dielectric Conatants [n“]

10! i ul al o il

102 108 10* 103 10* 107 10%

Frequency (Hz)

185 100C 493 AFEH g fragdsiale) v,
Fig. 5. The comparison between dielectric relaxation

equations for the dielectric relaxation
spectrum of 100C.
# 1. Cole-Cole ¢+3t4 oA 73 FA¢3F 454

Table 1. The value of dielectric relaxation parameters
obtained from the Cole-Cole relation

Temp.(T) @ wukHz) | t{usec)] Je
75 0.145 12 133 3220
100 0.145 30 5.30 3320
125 0.145 65 245 3420
150 0.140 110 1.45 3480
175 0.140 190 0.84 3540
200 0.140 265 0.60 3575
225 0.130 370 0.43 3610
250 0125 500 0.32 3650
275 0.110 620 0.26 3700
300 0.100 750 0.21 3740
325 0.090 860 0.19 3780
350 0.08 970 0.16 3820
35 0.080 1050 0.15 3860
400 0.075 1140 0.14 3930
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