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Table I. The proposal of transition metal ion impurity sites in LiNbO;.
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Table II. Crystal structural data for LiNbO; and LiTaOs single crystals.

ol LiNbO, LiTaO,
Crystals Li Nb Li Ta

R 2274 A 18787 A 23110 A 19082 A

R, 2053 A 21264 A 20455 A 20740 A

23 43.96° 61.887° 42.87° 60.25°

8 109.16° 132.11° 107.15° 130.61°

o 3°82' 0°68' 3°56' 0°38'
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21 (3)% o]83} LiNbO;, T2 9] 't ol =}
7V kA7) 7k pE Lit ARelA 0.359~0.411 cm'olar,
Nb™* ZFelAE 0.071~0.109 cm'o|t}, AFollMe F 257
g S AR 26], °1F o|2Fo= ALl gk
Wk BE AgeA 4L 0.100cm™S Nb* A E
FEAlo|1, 0393 cme Lit ARE X g
w3 5= 9t} LiTaO; @8R W9 cr*
o9l Ax7 1A ZAekx7l 3k DE Lit AEolA 0358~
0.422 cm™'0|32, Nb** Aol A= 0.0436~0.0634 cm'olc}. A
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oA AL 0.441 cm[40}- o)|8F o2 AAkE Lit A2
3 w717 wlEe] LiTaO; 23 WY Crt o]
Lit o]2& X@dtin & 5 Aot

e} SAHA, LiNbO; 2 LiTaO; ©24 el Mn* o]
29 Aol A= ig A7) D AR Al AMSE R 2
2 el HA: 5L by=-0.0637~-0.0996 cm”, = 7~8,
Ro=0.2164%} 0.203 nm[41, 4212 ARE3}SIT}. Table IIOHA]
BHojFso] ALk LiNbO; BEA 9] Mn* o]&9] FAP|
A Zex)7] 44 pE Lit A4 00718 ~0.0876 co'o]
31 Nb** Z2lell e 0.0438~0.0690 ecm™ o]}, &714 Mn*
ol&9] A¥ 3zt 0.07245 ecm [291= Lit Aol Xe] Axkgk
Helo] ¥3ke]o] glon}, Nb* Rkl Ak gakw Al 2
Al oA o= s XEsla Eofgitia P 7} of
Hot. S LiTa0; ©27% W] Mn™ o]&¢] 79l ALk
A Ze}A7] k& Lit AjollAE 0.0804~0.1111 cm™
ol T’ AFAME 0.0164~0.0221 cm o]t} 22 o]
GAA 9] Aeolle AF o] oM HiHo] A ath

LiNbO; % LiTaO; &84 W] Fe** o9 Z-pol= 4
A 8-HA U] Fe™e| Fe*-07 Ad} A33] fFARE 4
dde vehdis e &Ed uie] Fet-0 2% 1
WS Wigee} ol rZk=e] HAGE AL LiNbO; ©
27 o] Fe** o9 A1 depA7] A= D At Al
AREE If B2 e} HAG FES Mo ©Ed W9
Fe** o]0 i3t 71l b,=—0412cm™, 1,=8[4315 AF&3}
¥, LiTaO; ©AG W] Fe** o}229] D Akt Al ARSE
TF B el HAS 2SS M0 ©EF Wel Fet ol
o that 31 by=—04120cm™, £,=8, Ry=0.2101 nm(43]}

Table IIL. The 2nd-order ZFS parameters D (=b3) calculated using the superposition model for transition metal ions at each cation-sites in

LiNbO; and LiTaO; crystal. All units of bar b, and D are in cm™.

D of impurities

ZFS Parameter DI

cation-sites in crystal Cr* ion Mn** ion Fe** ion
B 234237 b, =-0.0637~-0.0996 b, =—-0412
SPM L 012036 ,=7~8 n=8
. parameter R =0195 nm Ry=0.2164 nm for Li Ry=0.2153 nm for Li
LINbO, calculation o= & 0.2003 nm for Nb & 0.2001 nm for Nb
Li-site 0.359~0.411 0.0718~0.0876 0.3907
Nb-site 0.071~0.109 0.0438~0.0690 0.2091
experimental values 0.100~0.393 0.07245 0.1640
SPM b, =2.34~2.37 by 2"(1'0_6371;0'0996 b, =-0.4120~-0.5400
parameter £=-0.12-036 R —02131g3 nm for Li f=7-8
. = 0=\ — ~
o3 calculation Ry=0.1952 nm & 019911 mm for Ta Ry=0.2101~0.2019 nm
Li-site 0.358~0.422 0.0804~0.1111 0.3541~0.3896
Ta-site 0.0436~0.0634 0.0164~0.0221 0.1323~0.1630
experimental values 0.441 no data 0.3302
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by=-0.5400 cm™, 1,="7~8, Ry= 0.2019 nm[44]2 A}F&-3}4c}.
A71A AR G dElA)7] d4ee] D 3ES Table NI
o g3t

LiNbO; @274 9] Fe** o]&9] gx71g Zekx)7) g2
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A% W Fe’* o]0 gl Alte R dElA)7] g
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0.1323~0.1630 cm™'o|t}, wehd AE 3k 03302 cm'[451
Lit A& &3ty 498 4 St ol Rud
ENDOR(electron nuclear double resonance) 3234519+
Z 4=k Qi
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71 AREE 1f WS WHeet HAS FEM6R 74
Table Ivell JERAITE b o] Z719] Ykl 242 1
B19] ZolQl Wil= [0y )+ (b7 ) UTIR FolA 3, F o]
Lo tisld AAE FS Table Ivell A eI
LiNbO; T3 W] Mn?* o] 73-9<) A% 7k 684.1x10™
em ' [291= Nb** ZollAe] Alxt 2h657.0X 1074 em™Hd #
ARIEZ Mn* o]2o| Nb** o]2& X|&3a Szttt &
o Sloh. EF LiNbO; B2 9] Fe* o9 79l 4
2t 2024X10* cm 351 Nb* &M A
(1801.8~2745.4 cm™)#} SASIEZ Fe* ©]2% Nb™* o}
< XFRla SRtk AEE 4 T} LiTaO; &2 U9
Mn?* o] 22] 739l Lit zRpglollre] ALt g2 219.9x 10
cm o), o™ Ao At 3L 2054 cm oot ESE

$=2}71881 4] Volume 13, Number 5, October 2003

LiTaO; @27 el Fe™* o} 799l Lit AgjolAe] A
b ZEe 2178.0X10* emlo]iL, Ta** AeloXe) ALl gk
2290.3 cm'elok. v} o] F ol igh LiTaO; ©EH
Wollxe] Ak ol Barsje] 1A gt

v.g &

ole} o] 4 RdE LiNbO; ¥ LiTaO; T2 U9
AR BeE ol B3 A 211 © A 43} =1 &
A7) FFHES Al WAl AplEy AFoaRE A
& RV A7) FED via BAEI9T) ol Bl
o] & &2 Ul ol e X3l SRl th
F7)E ARe 9EF S8 ¢ Fas)
opde] AT AHE T8I ieshd, LiNb0, BE4 W
9] Cr* ol T 7HA ¥ $4AS 2 9lon, o] Foj
M 22 GAE A7) 3g 2he 3 A Nb o)
2 ZAEE Xesla,  IAF dERTIE 3

o i r

¢

>

38 T
AL Lit o] AYE A3k Aoz AT & Ut
LiNbO; ©278 o] Mn* B Fe** o]29] H9oll= J=l7]
Z 27| 2o ZE o= AEE xFslal oA
£ FL77F ofa, SRR 271 4AR3AE 1
g & Ffdle F ol BF N ol AElE X$si
Soizitkn AieE 4 k. Lita0, ©23 W9 ot 2
Fe* B o] 79l 91 Zekx)7) 2x13te] Akt
P AE gg vla B4 g oft ¥ Fe*t o] EF
Lit o] AEE A& fle Aoz el 18y
LiTaO; T2 o] Mn* ©}29] Zgole e 437 gk
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Table IV The Iv | calculated using the superposition model for transition metal ions at each Li- and Ta-sites in LINbO; and LiTaOj5 crystals. All

units of b, and Ivg’l are in 10 cm™.

SPM parameters

ZFS Parameter lv,’|

Mn** ion Fe** ion
Z4= 261 b4=t19.11:129.1
— 4=
. SPM parameter K1 416‘; . Ro=02153 nm for Li
LINbO, calculation =" & 0.2001 nm for Nb
Li-site 169.0 1289.5~1964.7
Nb-site 657.0 1801.8~27454
experimental values 684.1 2024
by=2.61 by=29.1
=14 =14
‘ SPM parameter Ro=021783 nm for Li Ry=02178 nm for Li
LiTa0; calculation & 0.19911 nm for Ta & 0.119911 nm for Ta
Li-site 2199 2178.0
Ta-site 205.4 2290.3
experimental values no data no data
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Electron Magnetic Resonance Study of Paramagnetic Impurities
in LiTaO; and LiNbQO; Single Crystals

Tae Ho Yeom*
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Electron magnetic resonance (EMR) of paramagnetic Cr**, Mn**, and Fe** impurity ions in ferroelectric LiNbOs; and LiTaO; single
crystals has been studied. The actual sites location of paramagnetic impurity ions in the crystals was suggested from the experimental
results and zero field splitting parameters calculated by superposition model. It turns out that Cr** ions in LiNbO; crystal have two
resonance centers and enter both the Li* and Nb** ions. Mn?* and Fe** impurity ions in LiNbO; substitute for Nb>* ions. However,
both Cr** and Fe** ions in LiTaO; crystal reside at Li* ions.

Keywords : LiNbO; crystal, LiTaOs crystal, electron magnetic resonance, substitutional sites location




