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Crystal growth and optical properties of Zn and Yb co-doped LiNbO,
rod-shape single crystal by micro-pulling down method
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Abstract Yb and Zn co-doped LiNbO; single crystal rods which had a diameter of 2mm and a length of 15~25 mm
were grown by micro-pulling down (u-PD) method. The single crystals were successfully grown and had a uniform
diameter and a smooth surface without crack. We realized of LiNbO, single crystals were hexagonal structure to compare
with peaks of LiNbO, powder by Raman spectra. The threshold level of Zn concentration which is effective for optical
damage were observed as about 1 mol% with IR transmission spectra.
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Table 1
Growth condition and compositions of Yb and Zn doped LiNbO,
single crystals

#1 #2 #3
Yb.O,4 0.5 0.5 0.5
Zn0O - 1 2
Pulling down rate 0.2~0.4 mm/min
Pulling down axis <0001>
Crystal diameter 2 mm
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Fig. 1. Photograph of the near-stoichiometric Zn and Yb doped

LiNbO; rod shape single crystals. (a) Yb(0.5 mol%) : LiNbO;;

(b) Yb(0.5 mol%) : Zn(1.0 mol%) : LINbO;; (¢) Yb(0.5 mol%) :
Zn(2.0 mol%) : LiNbO,.
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Fig. 2. Distribution of (a) Zn and (b) Yb concentration in
Yb : Zn : LiNbO; single crystals.
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Fig. 3. Raman spectra of the Yb:Zn: LINbO, rod shape singic
crvstals.
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Fig. 4. Shift of OH absorption bands with increasing Zn

concentration in near-stoichiometric LiNbO;.

golel Fabi WEE vepfdch 248 e Al
I mm ol&ke] FAE 7= c-planelZ 58] %
2TF Yb(0.5 mol%) : LINbO, THAA2 2892 nm &

A1 O absorption band’} &=Ask= 72 #¢ls
Z12]5L YB(0.5 mol%) : Zn(1.0 mol%) : LiNbO, ©Ha% e
OH Fii= 2886 nm FoA vERh OH 590
=of QA7) dhibg o g o] F3 AL Il = 919
th Zn) FAe] X Ml HE wi= Yb'I Zn®
o] o] Nbate] - *fz, el (Nby)" el Aol (Yo"
eF (Zny'el FER §IREHA =3, Zne] 2ol 7K
of wht XAl AR (N bl,)‘“h 78] AlepA]A =
t} 'zal S Zn'7h Nbe] AelelA (Zny,)" HEle] e
SAloh FHos EAEA Bk o] wel golew g
’\.O]-f? o] AZHE okl whd, g oe® O-H 4
tejo] a4 OH §4EE oA} 5o Soz
olgol Aok Ahdes A maY 4 sl g

o 4

ﬁd
32
o

2o g FHAE HolA 7] wfi- o=
FAxte] FHesE F7sle] PFto) ?-Vﬂﬂ% e
o 4= Sldvh wabA], IR g Bahn 24 Ay
Bl Ybat ZnE H7INZ LiINbO, ©HEA] Zn #H7}9
Az gk 1 mol% -8 8l & 4= A}

B 2l3]o) A= pu-PDES- o]831d Yb(0.5 mol%), Zn
('l, 2mol%yE H7RAT Aol gle A7 2.0mm, 4
] l.'~75mm9] near-stoichiometric &4 LiNbO, ¥
r AT A7 A S BE transparent$h
‘VQX" O]Oi_‘?ﬁﬂ Yb: LiNbO;, A&  colorlessH A 7F
Zn®] 37k kR g o AL e =1 Ae

ok 4= 3%k EPMA &% Z3} LiNbO, ¥4 o)

O



14 J.Y. Her, H.J. Lee and D.H. Yoon

e
g

Ybot Zno E¥7F 493 A2 & £ A

Raman spectraZ %3] LiNbO, TEA Y T2& 413}
ATk o2 %3 A" A740] hexagonal TXYS &
=

29It} IR transmittance =32 E& Zns} =
H7MZ]l LiNbO, @AM Zn A X7l
mol%Y-S #eld 4= U

[—

3

I
o
rot

a

[ 1] T. Kawaguchi, D.H. Yoon, M. Minakata, Y. Okada, M.
Imaeda and T. Fukuda, “Growth of high crystalline
quality LiNbO, thin films by a new liquid phase epitax-
ial technique from a solid-liquid coexisting melt,” J.
Crystal Growth 152 (1995) 87.

[2] T.Y. Fan, A. Cordova-Plaza, M.J.F. Digonnet, R.L. Byer
and H.J. Shaw, “Nd:MgO : LiNbO, spectroscopy and
laser devices,” Opt. Am. B 3 (1986) 140.

[3] E. Lallier, J.P. Pocholle, M. Papuchon, M. de Micheli,
M.J. Li, Q. He and D.B Ostrowsky, “Efficient Nd:
MgO : LiNbO, waveguide laser,” Electronics Lett. 26
(1990) 927.

[4] E. Montoya, J. Capmany, L. E. Bausa, T. Kellner, A.
Diening and G. Huber, “Infrared and self-frequency dou-
bled laser action in Yb*-doped LiNbO,: MgO” Appl.
Phys. Lett. 74 (1999) 3133.

[5] T. Tsuboi, S.M. Kaczmarek and G. Boulon, “Spectral

[6]

[10]

[11]

properties of Yb’" ions in LiNbO; single crystals: Influ-
ences of other rare-earth ions, OH- ions, and y-irradia-
tion,” J. Alloys and Compounds 380 (2004) 196.

T. Bodziony, S.M. Kaczmarek and J. Hanuza, “EPR and
optical studies of LiINbO; : Yb and LiNbO; : Yb, Pr sin-
gle crystals,” J. Alloys and Compounds 451 (2008) 240.
Y. Furukawa, K. Kitamura, S. Takekawa, A. Miyamoto,
M. Terao and N. Suda, “Photorefraction in LiNbO; as a
function of [Li)/[Nb] and MgQO concentrations,” Appl.
Phys. Lett. 77 (2000) 2494.

T. Kawaguchi, K. Mizuuchi, T. Yoshino, M. Imaeda,
K. Yamamoto and T. Kukuda, “Liquid-phase epitaxial
growth of Zn-doped LiNbO; thin films and optical dam-
age resistance for second-harmonic generation,” J. Crys-
tal Growth 203 (1999) 173.

Y. Kong, J. Wen and H. Wang, “New doped lithium
niobate crystal with high resistance to photorefraction -
LiNbQ, : In,” Appl. Phys. Lett. 66 (1995) 280.

V. Mehta and D. Gourier, “Ytterbium-ion pairs in Yb:
CsCdBr,; ion-ion interaction and the electronic ground
state investigated by electron paramagnetic resonance
spectroscopy,” J. Phys. Condens. Matter 13 (2001)
4567.

M.R. Beghoul, A. Boudrioua, R. Kremer, M.D. Fon-
tana, B. Fougere, C. Darraud, J.C. Vareille and P. Mor-
etti, “Micro-Raman spectroscopy investigation of the
electron beam irradiation of LiNbO, surface for 2D pho-
tonic band gap grating inscription,” Opt. Materials In
press (2008).



