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2 < F#HAQ LiTa0s A= SAW flterst} IR sensors®] 7| B E2 A}8% 3 o).

Dopant24] ALO»& LiTaOsoll ¥ X2 44 E4E& W7 T B3] 444 F3og
A 2R AxE Lol gk XA HAEH 9 AxM4d M9} Raman spectroscopy?l
band broadeningg 23§ A3} LiTaOwl tHit Al0>9] 834 7} LitxAbxTa-xOsell A X=0.25mol
olgl e, 4A olito = 2x144al ALOv}e]l XRDE FaE)dch. Grain sizeol] 28+ Raman
band®} broadeningS 71#d8}7] 3t WA 7 LAA LiTa0yE &3 vliwsle] o).

ABSTRACT. The upper limit of solid solution of ALOs in LiTaOs was inverstigated using
X-ray diffraction and Raman spectroscopy. By substituting cations in LiTaQOs with Al'*, the melting
temperature was lowed and the ferroelectric properties can be improved. It is easier at lower tempera-
ture to fabricate the single crystal used for SAW filters and IR sensors. From the measured lattice
constants and Raman band broadening. the solubility limit was X=0.25mol in Lii-xAl:xTai.xQs, above
which Al:O3 was obsered as a second phase. The Raman band of sintered LiTaO: was compared with
that of the single crystal to see the effect of grain size on the band broadening.

Key Words: LiTaOs, Raman Spectroscopy, solid solution

LM &2

T AR o) Ade] A7} shd ] Edsle] Erloz
4Udg Ao g =8 o o] & 128 A(solid solution)2}
AL &ro) LiTaOse A8 24 b3, 249 9 712
& EAjo] +43to] SAW(Surface Acoustic Wave) fil-
ter 3 IR sensor 5-2] Y| EAMHEZ o] T v}t %7
# F*X(charge balance)& 23] -FHA] 171~6712) ¢
Adopant)E LiTa0:®] oo} 23 x|sle] 44 &
HAsta =44 AAFE Sl o5 93k A

15

&, Curie &%, 2044 59 7/d 543 &84 &
Wt o2 thokit &4-Hofol| &84 4 9l
LiTaO:2} dopant Alo]2] 7§84 P4 o] Hi= ofol 2
dopant®) ¥x}7} @ =7 28] AA = =dl, dopant
9] H7igko] 31 FAE Fol W g4 o] 24
~Hsecond phase)o] A glc} ol2i¥ 14-3HF x4}
sl wbl e Hagolx] X-A 3 dEAule] 2 AHE-E
oedl.? ol g gaArt 428 o dopante} X%
5l ool & z17]9] apolo 71alRt HRMAFTo) £33E



116 AHE - F34 - 3709

SR 33 ol ALY 3t FASPE ol
€ wlleld. 2y o] W& AzpAre] AU &
Hol AFH B2 HAHZE B o2} B84 Py
ZA el 208 AARSe] Wl AL a2 g ol A8
3}7] oj2)-¢ tHe] Uk

Raman¥®-%*-2 dopant active mode2] 3}8}okg A
(stoichiometry) ¥H38}o)] a}2 specrtal band2} broade-
ning& o] &3] L4WAE 7hds) 3G $ gle)e
2 e AR ool w2 FAR T2 glo]
dopantol] 2] ofo] 29 w7} k@Yo 2 RE W
ol'gdoll ute}, Hale] translational symmetry7} 742}
7] wj &l spectral line broadening ®Ato] Yojidr},
Scott® 52 LiNbOs2} LiTa0s] o] ¥4 78] ¥l )
(Li20+NbOs, Lix0+Ta:05)8& Fo] 22 Livh Nb E&=
Ta2| w]ell =z} Raman spectral line2] broadeningg
o] g-8le] AR AR Yamada® E3} Barns® o)
X-4 gAdRA 9ol 2§} lattice constants®} Curie tem-
perature 2 3 43 W ¢l o] A=)} 3t ol x) gkl

£ Ao dopant2 ALO:E AH8-3ted LiTaOs
off Ade] LAHE 2A12}] sl XA B
A3 Raman £33 & 214810 o] A8 v 2N
shsich

24 H

2.1 AlBH=

s EAE Lit3) Tabt e AF AP 4714 &
L 3] Faa] 2R LixAlxTax00]H 8E
G.R. F A%<l LiICOs(MerckAh2} 99.9%1 Ta:0s, ¥
-ALO: (High PurityAh)-& AH-8-3ldct. LiCOwe &0l
q )] $EL F53e g 150 A 15hrs £9F 3
238 Az F v-ALO;, Ta:0s52F 3 ball mill jarel] A
mixingdtglch E3E BEL disk¥F oz AYF F
700°C. 15hrs 8t48)led o0 314 % TGASH XRD £4
A3} carbonatex= W3] s8], LiTaO:F2E
st

shagl A2 o] Basle] disk¥ ez Ayt F
Lie) #h-g AA37] $13ke] Pt capsule el A
12007, 10hrs F-t 2248t oluf Li:09] F4| 3}
2 0.5wt.%& g =) gt

22 x-M 3N

LiTa0sol Al:0:9] 7882} .83 o] A=At

BHE AP 918l 449 AWe Eus 34
¥ internal standard 24 silicon & ARE-3ld ).
Elouadi® 52 (208)7%} (220)H 2} X-A #]4 peak2 3
A8 A4rstdem Yamadas 5-& internal stan-
dard 24 BaF:& 143l (410)%] 502 A=pASG
A ArstA el

ey & Al 208 20°~70°14 2o
H AR 24 LE FYWL A3} hexag-
onal lattice constants] au®} cwg least square method
2 A4sisicl. 222 reflection rhombohedral ab-
sence rule, ~h+k+1=3n¢ w&c}.

AH8% 717]% PhilipsAt X-ray diffractometer(PW
1800)2. Cu KaXl(1=1.540562)7} Ni filter& A}-g3}e3
30kV, 30mAS] ZAoA &4519].2™ scan speedi=
0.025%/secolt},

2.3 Raman % ¢

Raman £%7]2] AR 9l el Figure 10 X
qAFEI om A4 )7e Spex Model 1403208
300mW Ar laser(5145A), double monochrometer,
photomultiplier, 12] 3 dc detector} A}-8-5) ¢}

D/APC
REC
e
Sample PMY
collection MC
optic
collimation
LASER optics

Figure 1. Layout of a typical Raman spectrophoto-
meter:MC, monochromator; PM, photomultiplier; DC, di-
rect current ainpliﬁcalion; D/A, digital to analog convert;
PC, photon counting detector; REC, record.

4% LiTa0: Z4A AAL FQe <dnjgr &
microprobe Ramang ©]-8-8}eJ back scattering®. 2 2
Asledch ©] o wave numbers 100~ 700cm ! o 9] ¢l
A &bl o n, slit width 80-100-80mz 1279 A] 7

21, lem~'9] resolutiong& Asith Scan speedi=

Journal of Korean Society of Analytical Sience



Raman ¥4l &

lem~'/sec2 5 38}y B F3}5.2 ™, recording scale
< 2cm~'/emZ 7] &5} spectral band2] broadening g
223t} LiTaOs Raman active mode
band®] broadening-& 595cm~' ¥-toll A peakr} 3 A}
5 Ai4TO) mode-s A1-8-3Fe] 51842 wg3Al&
FAFEFg T o] Ai4TO) moded #-& scattering® &
o Foll A2 wslel] W78k of-8 LiTaO: spectral
band 24%-¥] & =|o] 917] w0l ©}& spectral band
of g <ggfe] Ao} et band=
broadening F.3}3= structure®] disorder % %2} crystal-

spectral

spectral

lite sizeol] ojsfA]x of &2 7] uf ol o]-Foll cHEH
A A sesld )
3.3 9 g
3.1 JHAHA}
LiTa0:2] AA 2+ Abraham? °l] 9] 3}e] o]m)
FAtElgd e Al oFo g W8 HIHA octa-
hedral +%2%& 3 A3l3 )3, °] octahedral site <o

Li#} Ta o]&o] 2/3& aLA)8}i 92w, 1/3& vacant

site 2 E2 35 Ut

13.79

13.78 L

cq (%)

.77

13.76 e M a

s.xso{;\.

5.5 b \\.
-t
~ \..--I-..-
F s.240}p

5.135 e 1 i 1 1 i PR

0.05 0.1 0.15 0.2 0.25 0.3 0.35
x

Figure 2. Variation of the lattice constant an and cu as a

function of X in the Lii-xAb-xTaixO: solid solution sys-

.tem.
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Figure 3. X-ray diffraction patterns as a function of X in
the Lii-xAL-xTa1xOs solid solution system.
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Figure 4. Axial ratio and unit cell volume as a function of
X in the Lii-xAl-xTai1xOz1 solid solution system.
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Figure 5. Variation of the Curie temperature as a function
of X in the Lii-xAl2xTai-xOs solid solution system.
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Figure 6. The AW(4TO) Raman mode of a) LiTaOs and b)
LinsAloaTaosOx.
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Figure 7. Scanning electron micrographs of a) LiTaO and b) LinxTa040esOs
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Table 1. Raman Mode Frequency Shifts, a and Line
Widths, Ag, in Ceramic and Single Crystals.
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Figure 8. The Ai{4TQ) band width at half-maximun inten-
silty as a function of X in the LirxAkxTaixOs solid sol-
ution system.
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