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The Effect of Ba'® Shortage on Microwave Dielectric
Characteristics of Bai x(Zni3Taz3)03 Ceramics
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Abstract

Dielectric and structural properties of Bai «(Zn;3Taz4)O03+1 mol2% MnQO-» (x=0, 0.01, 0.02, 0.03, 0.04)
ceramics was investigated at microwave frequencies. With Ba"” shortage, the sinterability and the
unloaded Q(Q.) were much improved, and the ordering in B site and the lattice distortion was
greatly enhanced and the structure approached the completely ordered structure. Q. was stronglv
correlated with these factors such as ordering ratio, lattice distortion and sinterability, and had the
maximum value of 7500 at x=0.01. The dielectric constant was near 30 and the temperature
coefficient of the resonant frequency was 2 ppm/TC at x=0.01,
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Fig. 1. Bulk density with Ba'’ shortage.
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Fig. 2. Microstructure after sintered at 1550°C

el 38l AR ZadEE E°]‘>}

g 20lME Al A FEE dEhisd,
AR Qe A7 F7stelzh xvh 0.02-1- Hy ¢4
a3 9ok oji= Ba?el Z¥3 ZnOgl el uw
gl AAEHE oliEo] PAC EAH AR Y
qAe JAstdrty] ok &, oleld o4&

27427 BE AR (mother crystal)ell &35
7] gomg 117 2004 HEo] AYHS AFAE
oA atA €t

oy 38 7 A oE AlHe x-A A
A 753_-'43 vlel et B site®] Zni Ta7zd 1:2 3

7

Fz2 Y48k Vel 2242 34 (superst-
ructure reflection)Q! (00D)%, (111, (200)", (103)°
H g ol ‘f}E}‘fLTl glew, Bael Aol FUEF

J

ol AR HHMe BEV AYE BT
sa 1Ee FASE A FAAE olF 9
4tk 2= (double cubic unit celD& 7HE R
1000°Me Ad #FE =Z7|2 Vel FEHIFE(S)
o) Matg 1Y 4o Roli=tu] Ba”el AWFol A
Mol me} ZA Zrpeta drt ol 2 ol WA
(=136A)7& #AUE Ba'’e dfol 9% FA4|
ZAo] AR A% of7lsta ol A} B site ol
259 ool oA Hol FHEH wMIE FA
stdv) wWEow ALgE )

we, 29 SME olge 27

—

O

1t

32

;(}_ :iL

i
E

g4

of we Zz} W EY(lattice distortion) FEE
ERi= Az} A4 ¢/agg vERTY, x=0%1 B S

c/agre V3/2(=19247)8 AAFY, Ba*vt Z¥H
o] we} 1 ol FA3 F7isled, BalZnisTazs)
Oy7F f+4s) qtHs" W oz mug 1230

of 2EsHe & & Utk o= 2AAl AH UM
FAs FER7E dAeel wet Sgel v A

405

A7) Az 2882 Vol 7, Nod, September 1994,

400
{1o1)

1580¢20 VA0t
A

(200)
[£114]
PR
[*_*V

2242 yyd .
ovw B N
] S L0
- § - - o .
§: § fjE 8 g
I B R J L 4 x=001
sle Il aslaeiel s l L) =002
e oy AYT\A 4N _T A k k__J x=0.03
§it'1ll ‘YQ'LL!J‘I‘ '}ﬂle!Il_'l 1) =004
10, 20, 30, 40. 50. 60. 70. 80. 90

1172 3. Ba” AW wE x-4 3H 2

Fig. 3. XRD patterns with Ba' shortage.
08
o
A_\
0.7 4 \0
—b a
7] ,—/o
0.6 4
05 A
4 0—O 1550°C/2hr.
p A& 1550°C/2hr. and 1400°C/4hr.
04 : . . '
0.00 001 0.02 003 0.04 0.05
X(Ba shortage)
13 4. Ba” AR WE 7E3u(S)e) Wt
Fig. 4. Ordering parameter(S) with Ba'® shor-

tage.

A7k <1I>yFoz WAL oo F4 WP
2 4Z50] 2z nEYo] H4st=vl, Bavt 4

AHol wek H&3EE 7009 #wel ol% %

272 A7) 7] ) Eolr)

17 6olA Ba'rr ZA¥WHel ot (422)d
(226)Ho] BAEm om, ol A Fxe
B0 wat Azt A ATE debdch

Ba®rt Aol wal 1550Te A 2413t
W Zni Ta7t BEHoZ HREHE &
2 wrAsls 9lew, 1400Tol A 4A7E o

o O o
LT _°~

e}



1.233
©—0 1550°C/2hr.

4——a 1550°C/2hr. and 1400°C/4hr.
1.231 -

c/a ratio

A
1229 4 s
o
1227 1

1.223

0.00 0.01 0.02 0.03 0.04 0.05
X(Ba shortage)
a7 5, Ba” ddol ubit o/ae) W3
Fig. 5. ¢/a ratio with Ba~ shortage.

nr 13
(a) 1530°C/2hr

13 Zg iAol A ek A sy vl
Hojztg Bl

E
b &2AQel Wi FAK Q.0 wshi: 7rr o
R A R e A R A A R P |

406

D Ba-29) Aol mi o ofiyl oy, f¥Y, Uid AU A

4
u - H

Kaz

17 13
(b) 1550 ‘2hr, 1400°C /4hr.

a2 6. Ba” ZAPel mE (422), (226) UHAbE e
ok

Fig. 6. (422) (226) reflections with Ba'® short-
age.

Aol wet &L gL FrhEd e, Quel
A3 x=0019uw Q.o #el HAI FFstA
105GHzol A 75003 =9 g =BAc olg
Quitel E7h 19 49 19 59 AW w33
et Az vl Zvle] wE Aoz Yo
Ay BuEH oAt

Tt x7F 0018 F ouloli= FABES
A ET e Frkele EEtal 238 Quatel 2
Ashizdl, o] 2% Ba®e mrh Aol we Ax
Agtell 7IQski: dAtet Algdnh F, f44 1
ol Hlz3 AA 7 (anharmonic lattice damp-
ing)®]oll o] Az At wWE &3 I 4t
¢k & ¥ (phonon scattering effect)Z <3l F &
Hol wbgsial ] wEolu) Al wehd, AxE A
grow Qlélo] o Ayl dapRng
el wheh whel AR I We Az Ayt £9)
S dAbire] da AEste dF S FrpiEs

= o

O




%
©0—0 1550°C/2hr.
a—a 1550°C/2hr. and 1400°C/4hr.
S 9 Q’\é% o
£
]
L
(=)
y
0.00 0.01 0.02 0.03 0.04 0.05
X (Ba shortage’
a3 7.Ba” AWl wit fAge] M
Fig. 7. Dielectric constant with Ba shortage.
x10°
9_
00 1550°C/2hr.
8 4 AL 8T8 1550°C/2hr. and 1400°C/4hr.
74 / o
6 A
A
g 99
‘CG
44 ¢}
< \\
2 8
1 \0
0 . T . T
0.00 0.01 0.02 0.03 0.04 0.05
X (Ba shortage)
a3 8 Ba” Ael wiz Q. st
Fig. 8. Q. with Ba™ shortage.

s, A5 ojyle] A Ee] %
ol £ £alo] wbAlE gl 7] wfi-ol v}

Ligil A Ba'7h A9 f'°ﬂ
% sk 4e2) A57}
4 olizdl, ol A4
of e

Y S

']_p] gt K
e

ulzl -
e
3] A

[SENe)

«O-

()ppm/ T & }
T 27 Z}

o] ol Ao AbiLylrl

L/O]

,'L Z 14

7191 &k

4. & =
Ao 3= Bay «(Zng sTass)
.01, 0.02, 0.03, 0.04)
S SR oA 4 &
g nsto] vhee] A
Z1eel gt

2 AR

or_‘l

rleo]l FA o
ofel
Adtt

el 27

i &ol

1] T
i

O3+ 1mol%% MnQO:
Ba "
it

AN AA F

ANAAL A3 A Vol 7, Nod, September 1994

ppm- T
10
%
0—0 1550°C/2hr.
R
::; /O/O
g 4 o
& 1 i
?_e.-' 2 o] i
3 / :
- i
04 :
!
2 : l
0.00 2.01 0.02 0.03 0.04 0.05
X (Ba shortage)
33 9. Ba” Ayl wpe A fe) sl
Fig. 9. Temperature coefficient with Ba™
shortage.
E 1 wAgel wE solams §4 B4
Table 1. Microwave properties according to the
composition.
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