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ABSTRACT

Yb:YCa,O(BOs); (Yb:YCOB) single crystal, in which the concentration of Yb>" ion 20 at%, was grown by the Czochralski method
using an iridium crucible under N, atmosphere. The optimum growth parameters to get a high quality of single crystals were found
to be 1.5~2 mm/h of pulling rate and 10~ 20 rpm of rotation rate. Accordmg to the results of spectroscopic properties, absorptlon
edge of Yb:YCOB was 236 nm. Two strong absorption line due to Yb*" ions were observed at 900 and 975 nm. Thennal expansion
coeﬂ'lcwnts of Yb:YCOB crystal along a, b and ¢ crystallographic axes from 320 to 650 K were 12.1x10™ /K, 5.9x107° /K, 12.9%
107° K, respectively. Specific heat was 0.162 cal/g - K at 330K.
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MZE NLO 2224 rare-earth calcium oxyborate:=
1991, SmCaO(BO;);7F PbO fluxsollx] AAstg o =M
NLO ZAA9] 7F54¢ AAstgthY) 2 % Norrestam'
Zo 3@ e oz 1277, Nd, sm®, Gd*, B,

Y 59 ZEF o]2o] H7}¥E rare-carth calcium oxy-
borateZ ASHATE 1996 Aka” F& gAY
H"“‘]i’_ 2 FEA, & dolA &4 £8A|, a8
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Table 1. Selected Properties of Several Nonlinear Optical Crystals
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Fig. 1. Flow diagram of experimental procedure by the
Czochralski method.

NLO Point SHG coefficient Damage threshold Transparency Chemical
Crystals group (pm/V, 1060 nm) (GW/crn 1060 nm) (nm) stability
KDP 42m d3¢=0.35 >10 (1 ns) 177-1700 hygroscopic
d31=6.5
KTP mm?2 ds=5 1 (10ns, 1064 nm) 350-4500 stable
d33=13.7
0.05-0.06
LN 3m dy=2.76 (10ms, 1064 nm) 330-5500 stable
d;=0.67
LBO mm2 d3,=0.85 ig 9((’&; 3‘3 155-2600 stable
d32=0.04 '
d22=2.3 10 (01 ns) _ .
B-BBO 3m dy,=0.16 5 (10ms, 1064nm ) 190—2500 hygroscopic
NYAB 32 1.27 0.5 (10ns) 1000-2300 stable
GdCOB m d1=0.56 1 (6ns, 532nm) . 320-2700 stable
d32:0.44
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Fig. 2. Thermal design of the growth chamber by the
Czochralski method.

23. 2% BY Y AH

A dAAE ol &std oln Ry H e FH
2 ARTH Z7ke] #HAVE nigoz AYeE £
g BEF EA 248 UHAES 5x5x05mme] A2 F
g)gtgth 24 AdlE UV-VIS-NIR &% 4= Al (CarySE,
Varian, Australia)® 200~2500 nme] 374 ¥ ¢lolA F3}
=& FX34rt

24. %5 BY & AE

Seiko instrumentA}$] E71A|Z] #4]7](thermomechanical
analyser, TMA320C)$} Perkin ElmerAte] € #417]
(Differential Scanning Calorimeter, DSC-3)& ©] &3} A
A9 A9 @A 2 HEE SAAT V1A
B 248 N8 T/ 5x5x507IE x A Z x F7)e]
Ron, 24 WAL 320~650K, $2 &5 5K/min°]
Aok IF B A AME AlEY] e 2~3mgol
I, 2 £5E SK/minoldth &4 M= 325~525K
o] ATt

3 i ¥ 0@

3. EH MNEEY Y Xray = S5

7€ 20% Yb:YCOB T2 S Fig. 3o YehAAo
Add ddAde 74 oy, A3 on
(010)2] F 7He] HEAHe] FAHJE A dF A
HEA 7| XY #€ 123 JAEe] St #FY
A gttt 249 A AFL 20 mm, 4ol 100 mm
ojoy, FAE 40g22 XY ¥ 21%7} AHFHEH
ped=s

o) osled 24 X-A 3" AES Fig 49 v
BT 24 WS YeSol Ryt 299 nlm,
BA% A3 YCOBY AARTZ7 A71E Yb o)&9 9
3 FEFE A FEE T F AN, olEFH &F
o] AAHE % FANELEEATAAN HoluA s
< ¥ F UATH

Fig. 3. Photograph of Yb:YCOB crystal grown by the
Czochralski method.
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Fig. 4. The X-ray powder diffraction patterns of 20at%
Yb:YCOB.
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Fig. 5. The transparent spectra of Yb:YCOB crystal along the
crystallographic axes. (a) from 200 to 2500 nm and (b)
from 850 to 1100 nm.
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Fig. 6. Thermal expansion of 20 at% Yb:YCOB crystal along
the a, b and ¢ direction as a function of temperature.
Scan rate: 5 K/min.
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Table 2. Thermal Expansion Coefficient of Crystals Produced by
CASTECH Inc. according to Crystallographic Axes

Thermal expansion (><10'6 /K)

Crystal
Tysas a b c
KTP 8.7 10.5 0.2
Nd:YVO, 443 11.4
B-BBO 4 36
LBO 1.08 —0.88 0.34
0.30 . r r -
* YCOB J
- * Yb:YCOB
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Fig. 7. The dependence of specific heat of 20at% Yb:YCOB
crystal on the temperature.
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