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Abstract

Single crystals of LiNDO; have found extensive application
in electrb—optic and nonlinear optic devices. However,
laser-induced refractive index inhomogeneities, which have
been labeled optical damage impose limits on device
performance. Recently GG Zhongetal. reported that resistance
to optical damage in LiNbO; is imporved if more than 45
’mol% MgO is added to the melt. The laser damage threshold
increased as much as 100 times better then that of undoped
crystéls. The MgO doped crystal has thus been extensively
studied since then. ‘

In the study, MgOLiNbOs(MLN) single crystals doped
with 0, 25, 50, 75, 100 mol% MgO have been grown
by the Czochralski technique. The melts were prepared
in the platinum crucible and 15~20mm diameter crystals
were grown with a length of 20~30mm in a resitance
heater. The growth rate was 25mmvhr, the rotation
speed 15tpm

Before sawing MLN single crystals were annealed for
24 hours under atmosphere at a temperature of 1080C.
After sawing, we have found an annual ring cross
section of MLN crystals only in the direction of
perpendicular to the c-axis.

Nonuniform dispersion of MgO was pointed out that
the properties of the molten state of oxide were strongly
affected by oxygen partial pressure in atmosphere.

We have measured the density change by the
Archimedes method. An abrupt change was observed
near the composition of 25, 50 mol% of MgO. A set of

defect models as
measurement are proposed

When the MgO concentration beyonds a- critical value
(MgO),, there would be Nb-site Mg in the form of the
MgrMgnwaaNbaeesOs  appeared in the crystals. The
(MgO), varies as the ratio Li/Nb of the crystals and
threshold effect appeared 53 mol% MgO for the
congruent LiNbO; crystal.

consistent with the density
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Fig 1. The structure of LiNbOs.

Table 1. Physical properties of LINbO; single crystal.
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3 6
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Fig 2. (MgO)y:(LinsssNbos14Os)i-y powder preparation for crystal growth

Table 2. Melting & boiling point of some elements and compounds

$3(T) FEU(T)
Li 180.5 13%
N 468 4927
Mg 650 1107
LiZC0y 618 -
No0s 520 -
0 2800 -

ZF B A TR Of AEE BExrIY(52x60x0.5mm)
of ZAg & AA A2 4712 & ¥2 1CT/minZE M
A3 £xE 28 600THA 5A¢ B¢ 13 22 & 3
o} 13 &3 F A7HA 1C/minZ W97 A7 & AL
wg 243l 29 wEe] th 4AFE4 WgEIhe|
Y1 A7|2 $oM 1T/min2 A3 25 28 1000T
A4 10417 et 23k &4& Y B 2944 LixCG:4
$4L 618C oJBE 13 AZ4LEE 60TE 3tgeu Li
= 7o) 1805|134 2ol A4} Livh WA U
7} Nbst Aol HA % + JonE 24 2ALEE
A7) Y8ty L& WIATIBAM Y9 HAE 5
Qrh AFeA FF AALEE MgOLINDG:;S peak}
A7)E X-ray 3AAYY Az APt 19 2¢
(MgO)y: (LipsNbosiaOs)1-y HE LY FHHAE HolFm
Atk

9] 9a% 4%

AL =Y 4B 88 Y gln
2xzdo] uwd #¢m LxHUAE FUsA & F 3l
v 1F% fE 722 9g e rigAE @
Coochralski o2 sttt @44 434 4258 94
A fRAEE 9 gus) Fesith B Aol Mg
aFEE YA 215V, AEY 75kW, HEF
25kW oln] Ak HALE #AaAT)7] Hke AsA
AZAHINAVR, 215V, HA)E AHEsl] B jEA
e AR Fde AR E AR st A4
Fer Boe £x Aol Yasit A YHY
9 WEoly &x HstEg WA AE F UxE
A/D ¥&7)(converter)9 step REIE FEdt FFEHE
Ae2A ¥ F gl APRRNE AR BFE7H
9 £E24L AaiA PR FA(PL87%, Rhi13%)E =7t
U ojef R HAEgon dHe 7HYS 2EA
9] FZ3 2N FEH] AD WIS 53HA anaog
A3} digital AE2 HEEo] ARHZ goF xR
Fislo] Atk ojg] PAreEe} MHLEE Hwale 3
ol wEE EZA oL /MEARIN} step BEE 2F
st nese] Al Az Hojzth o9z

n A4A 2%, 198,



A9 - HER - PP

& AN AHE Aesld &= 2ARAE 11TH
A oEA =4 & 5 Aok 39 32 Aedd 923
A Aot

ﬁ === IR R =SS '—ﬂﬂ_::”l?‘.l.’r‘_'.”ETIIIIWﬂ
I I
i Computer I
] control il
I [
I I
il . i
it |slepmoler & driver 0D converler @
1l B Il
Il It
(STEE N ET BTSSR0

shielded conlrol

part

forking coil

RF
generator

Pl-crucible
furnace

Fig 3. Schematic diagram of the automatic systern used in
crystal growing system

TGN
ERUEND A -6 Block

Pyrex Beaker

~—— Window

N
(3 Pt Crucible

TD]*——-— Working- coil

TR N\

]
5
'

g ~—— Thermocouple

Flg4Axran§mmtofﬁnmce

FRAARHA

=AY fEFY(nduction coll) 7 E71Y9] Hej: £
dFe] 2EEE 9 mrhulel gl fdd BAP
=g fedd A7l 98 WA 10mm, o)
1206mme] 95¥ F% 7192 A% 126mm THe
2103 3k T A& s e 3 W
Fo B8 40 $HolAM dge Rudsie Yz
Al g2 oo aAsR Q3 Erhie) HEE o) 98
FA7F 08mmel AF E7h(36x50x08mm) S AHE-aHglt,
A8 MM LERXE 2A) YA after
heaterg A2st7|% s £ AgoMe 9IdAd Wiy
E(B-6)7} pyrex FIS00T)E =719 A3 49 &
EHSE H4g gl a3 4= AR RAR AR
o] delg vehd Aotk

2) QIA U IHER

a9 55 A4 2 HARAE YEr Aojo] AFAYA
Y 2 HAIAE dEH Fcrack), twin domain 2
71E7h waske 9le] e AN 2 W £52 17
slofol @k FARE AT HY AREEE AR
2 249 ARYRE 0~5 mmhrl2 S BE

7 W% gole] U BEE 4X3] SAste] YAm

Pulling Motor

Ao Manual
Falng Hand

[_3—'-—" Besluion Yo

‘-——— Chuck
————-— Aiina Tube

Fig 5. Pulling and rotating system



Caochralski¥el &% MgOLING; 0274 4434 0% 34

HE A4RHE ASaEon FA48Y JASEE 0~50
om HsllA 239 4 ek

3) TAEY W HE¥ 4%

FAARE A7) YA Hxz WFBE s 4
P ARG AAAA 2 FolM Fde REL Al
A2 AR uho] Autdoz deix ot B A
ot WA £58 LNbO(LI/ND=048) ©2HE o
waog et MgOLNbO; 249 Hayde 98 &
Aoz A y=25 mol%e] MgOLINGO; 2%
o] 4%e y=02] MgOLINDO; AR S Feh H2AE
& FAAAoR Agsigom g Ag-s} Fo| w3 A
FAA MgOLINbOy(y=0, 25, 50, 75, 100 mol%)Z4&
. ol3A A4 ARES BRE0)AS conoscope
& #E3 S single domaine® # AR A4S 4
slo] MgOLINDOs 2AARE §18 A% F4aHoes
A8,

FAARES AANFIAL s Wk Ul A8
A FE(2 x 2 x 2 mmE A3 & AFH(2=0.4mm)
oz WaEd wRste] HHATUN FAEHe] HUF
Aoy, FARE oo Ba7)Rd REH HAF
APEE 5L s HHZe| FEFA FIEE 2
A,

whide pAgde nFRRe AL 92 ¢4
nrh Be exold E7h) FHERtE) RERE %7 A%
sa o saus gF7t dojuz dFFAel olr] A
A o] LxA 7~8C AL o 27 olfe) LEE
AR AALE o714 +5TE A HHLEE, +10T 7
g A% Agess 44 s

ZAAAL 49 &0 B2 o 257} UF god F4
o] gelo] EASH L7 YR wrow gl 24
o] YT ol EAHEE g 2xg 4 FPLER
SANFRA EAES G} Szt FAAAY HYA
o] BAHES P AE AT A2 ARYFANE
oxusl QASE HASEE F zydcjopt P9
wAR e A4 4 ok

HAAAe dge 19 63 o) vg, &, o, BF
oz 7R 4RaA B A tlg QyEoez 9
Agle} 8ol ola) ERAAel S2el7h 4713 ridgert

O

2o

oX 2 o
o 32

v
L

o)

Hol7] A&}, £FAXY 277t HW QA L
283 BY #g olp¥RE wETL A BY #HHR
2o wansh] g4 BB AASE YR AL
PN A HALEES A AR HELEE A2
A g 4 Quh C FEE 4R AYers FAEEA o
2t 12 HAHA dslocation, 2= & #HAATH
D oA Eog g9 2EF Wi YSE
WA gAY A7 24T 5 Utk D, E AAKAA
CEE F7leln QLS FolBN FF
I}, LEE FUt AFIEA £
o] A2 ALE Qi L5E Fa AIIAY ddEESL
Ly BEol IA HE A4E Atk 4elA 248 2
A AL AEE JALE T& uEste] AP
2% Fol AAE AGAA I

E 332 BEXHOZ HAYLEE FAEHN Y&
%9} FAEES HHo zhor AARE AU A
A AYeEs FA8A %o’ 2x9 7]87] S0
BxzAol} golo] ¢ Fow Qg Wit A W 2k
2 Uz A% §do] FolNE A47t Jous Had
AR Zpend HYLEE FASteol gt A% H
L5 g §AFYE B0l AAE AF 1Th2E E58
2a)a B%o] FopAH 1Threg ¥EE A2ATIE F
A& Wzl 1AM o) Al 2HE AT,

B9 offxE A §49)- o] Fo] EBX &7}
Z3H A5 SR AYE Bie 2EE U Fo
okt 2 Erhe] godo] UF AL Fedle FF
3 27 2REe] 2AY L2t #R] werke B
T glong 2uE SRFUA JFA|AL Ftt

1
o

el
Y
o,

to

1
i s QD) »je)
A B
D °1’I‘
E 3

Fig 6. Shape of grown aystal

n A 23, 1993,



99 - Hg - P

%ol 429 AR L3t Beapy) AsiH AFLE
oA +10T7HA 25§ 283 APERE F7HeHEA &
Zaks B oz APFAE S0l s W
ol Qe oj= el i3t T e S4FA &
Zake o] Fadth 2ud BAAL o}y R Aol
ez FAY 2xztad g AAd FHcrack)ol
722 AR A B4EEE NThrE H93] =ds}
o A27HA) Wejop .

4) Z¥ HF A B

279 AL VB 5 Y= AdE 9FH BN F
(crack), 71E8} §%, ¥He Hu5 Asl2 vAe =
BEd weh Bad £ gt wel vk o A8
Basly) g3l AAe AARA eching, grain
boundary, dislocation 53 Z& micro structure 52 %
Apsojof st} B Agely A9 AL dazez A
o A7 JE 458 BINAH ASFW|R
15mm RAE H7A cplat AEE Hoato] AREGF 1200)9)
geny  BRO2umE @k HRERAY
conoscopetell 918 A9 twin BN BRI

3l 9239 4x53

Mol% 71l mE MgOLINbO; BHe F2M3E
W98 AFAZ AL 1000Te] A2 Lol UAZ
3ot 94 @ U WS 2ASAY. 29 79 2ol
Archimedes®] Q28 o848 F7\1ZEH 2404 AR
2Ag 238 4 SSWAW-W)dl tidate] ATze

nnnnnnnnnnnnnnnnnn
ar

' ”';—-_Eleclric::
)| DBalance |

Silver-fire

- Yaler
L. — Sample

| deree

|||||||
nnnnnnnnnnnnnnnnnn

Fig 7. A schematic drawing of the MgO:LINbOs density
measurement by Archimedes principle.

¥R

789 9714 S MgOLINbO;8) HFola, W, W'
747t MgOLINbD:®] 37153 E40A9) FA ot

3.4% ¥ =9
1] 982 X-ray ¥4

MgOLINDOs B2AE AAAI17] Hol Age] $ad
YEEYE X-ray HAYS o] 5HiH2o] MgOLINKOs
AAE olsiych AHoM AHEE X-ray diffractometer
(Rigaku kenki, GDX-1193A, Japan): Ni filter7} -39
Cu-target(15406A)E sourceZ AHS-31910™ target 7H:
A kV, flament AFE BmAZ AYTh Scan

= 1" /min, scan mode= 10°- 90° 744 001" 74
2 step scan 31900 H) stepuith 22 HeF $ANHE
FArh

MgOLINDO; ©2AE A4A7)7] Ao BA dais
2 Li00; NbOs, MgOFellA 71 @3e LReoA ==
AgBTe] 2xoly RE AFse] 10T FHo2 23
3l X-ray A8E At F 2F2ENA X-rayd
peak A& FALEY A& EFAFUY peak’t AlRIAE 2
$2 MgOLINDO; A48 9e¥ae 2725 A4s
Q. olgh e o] fE AFLEE 22 60T, 1000
T o4t '

4%ol 9EE MgOLNWO; 924 3 d¥¥(=
100mg)e =AMPEE Bafete) Xray 94 APL A
o} 29 88 MO mol%e] W& MgOLiNb0;9] X-ray
384y Zsjoltt oA By upe} o] MgOE 100
mol%7HA] W7 E X-ray 32 peake] 937k Aol @
&2 %1 itk LJHLS) A9ZAstel o)ahd MgO 37t
Po] M2 ac APIFE 5 mol% AR Z7En 9l
0 mol% 74X Zasta Aok =3 MgO Hrhde] we
X-ray 5248 A7 25 mol% 7HA = AR W}
AYUT Bmol% oY o B el zamg
peak7t Rz Utk o] peak®E AAL straing
relaxations] 93 20Z 23 HAle] o) Aoz HA
#3 gh MgO A7l X-ray 31848 2% 25 mol%
WA HATHY) ¥a A Y oldRe ARys W
sob @A 2o o AT A7 Bas



Czochralski®e] ¢ MgOLINDO: ©24 433} 9E &3

/./u_,J'VJ Uu J}}vu LJ 'vaJU UJJUMM

l,
A JL J\JJ wa‘JUiN_JJ;fJ\M»J\’s-JJ.

10.0 mol%

.. d \_AJU‘L__ L/ LbJ.’quJw_u

7.5 mol%

&JM___

v

JL.ML.JJJJ_N_M-JLA

5.0 mol%

2. 5mol%

_ A
e \;JJ LAUJJL}M,_J;JA%MM

0 mol%
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Fig 9. Photographs showing MgOLINbOs crystals and the c-plate wafer
(The labeled numbers were the mol% of MgO in the melts and show
annual ring in wafer).

Table 3. Growing condition of MgO:LINbO; crystals.

mlx | AT JUEE  HAGE(m) R
(m/hr) (T/hr)

X stoichmetric) - 2.10 15 k)
0(congruent) 1270 2.65 15 kil
2.5 1274 2.65 15 30
5.0 1279 2.50 15 30
7.5 1280 3.50 15 30
10.0 1284 2.9 15 30

Table 4 Measured density value of MgO:LiNb0s with different MgO.

Mg0 mol% & A ZHaNe¥)
0(stoichimetric) 4.6356510, 00131
0(congruent) 4.63899+0, 00138

2.5 4,63428+0, 00131
5.0 463521 10, 00055
7.5 4, 6345810, 00063
10.0 4,6317610, 00138
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