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Abstract: In this study,

2014; Accepted November 4, 2014)

in order to develop the capacitor composition ceramics with the good dielectric

properties, (Bay «Ca)(TingsZro2Snnm)Os (abbreviated as BCTZ) ceramics were prepared by the conventional
solid-state reaction method. The effects of Ca substitution on the microstructure and dielectric properties

was investigated. The X-ray diffraction patterns demonstrated that all the specimens showed perovskite

phase, and secondary phases are indicated in the measurement range of X-ray diffraction.
specimens indicated an rhombohedron phase structure.

Also, all the
It was identified from the X-ray diffraction

patterns that the secondary phase formed in grain boundaries and then decreased the dielectric properties.

For all the specimens,
which

observed one peak was tetragonal cubic phase transition temperature(Tc),
is located in the vicinity of room temperature.
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Fo 7] basemA] U4FHog AL/ gl vE
APl wokoll Al AL, 53] 4uzle] FHAHA @
A7E A 2488 AMEE = AAAFAA =] &
THE A8, AAY A6AE] HAAF2] need
of REate] TlA R FE FFAHo|Y AAY 1
EESE T FHEEHo IET A4 ’E‘.z]"}l"?ikll%f’-l
32 FAo g4 BEoz ALgH I gl 194097}
A At AdgAlge] fAAe] AREE TIOE
T2 AREEigeh. a8y TiO: &%, A Al 5
of & 542 Fou, Kftel Foly F2 2% B
daszy nFggon ALEEd [1].
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A FHAE JNFstd Fol BaZd #7ME BaTios
(barium titanate)& 273 o [23], perovskite

ZE & BaTiOgdl 594 tAAel=s 271 PZTA
9] 543 nugud 95 548 A 917 o
ol Akl FAA FollA FQ g AEke 2ol A
A Az 7hg de] AbgEelH itk [4-6]. BaTiOs
T 7€ g¥F A9y FHAARG AdHes f
dg&o] Fon Az FAHo| ¥|uF 7t ugHE
A zﬁﬂih Aol 7000~8000 oy, &
= AdAEx W

.-\l

(temperature coefficient of

capacitance, TCC)7} EIA (electronic industries
association)2] Y5U 9] ’Q-Q* gkEslodor il [7].
AukA 02 BaTiOs= Ba® o] &#te]| (,a o] &L
A gA 7|, Tivel&Atedl Zr*'e} sn xl%fs}ocl
TFe|EE A0 E o] Fdly ’a‘-"‘-"ﬂ’ﬂ-i T4

& F7M713L TCC 548 Aodo. &N &4
o] o]FojA e A2 A Ao & AT Y4739 F
A S7be weh A2 fFE&e] WSk a9, uAg
A o] A E o] 7Fe] wAE] Ao WA

gtell #A17F lek. 28l BaTiOss =9 we &
HAA, AWAA, FEAA, dBAAY 4 FH 4
AF=E 7M7Y nedyE WA F=E 7t
A A AWAAY AFTZRE 71, &
g, A ASt AWAA ke 4 AolHe 2EE
Feldolegta dted gurd o BaTiOye 120T ~
130C HF2o f1xlska vk [89]. Hdio] ¥ FH&
2 YEhE FEE(TI7F 120C AxRE £7] d§
of oA AlEL &H Be FARR Qs A
xeo] &go W FAlFe] dAIC [10]. e
FEeE(TIE 4L 2oz g7 98 &5 &
A& zH38lE Shifter (2] HE ol &A1 7= H7HA)
228 Jdste] Heor HuLEE oEAF L,

FAlo 3 FAEY & 540l §-5g Agke] o
g A7 gs] g g

oebr B Ao A= (Bay«Cae (TigsZroSnoo)
(Zro1sSnow)Oy FA L& Ca 3o WEE Fof
HeE(TIE 42 H222 oFAI L, TN 2=
-A Al 2E A W3 (TTC)E 2H 6}04 25 549
3 MEke 2 24E sideazt .

2, MY wy

2 dTdAe 71E 2442 O&T gov, o

A9 AGAANEE ALSsle] AlHE A 2EE T
(Ba;-«Ca ) (TinssZro12Snoes) Oz
+ A48 ZE A ( Bi:03 +MnQO:+Nb:Os+ALQO; )
(x= 0.10, 0.12, 0.14, 0.16, 0.18, 0.20)

TE 99% ©]4S Zt= BaC04(99%), CaCO4(99%),
Ti02(99%), Zr0:(99%), Sn02(99.9%)2] YaET=
2440 w2t 107 g4 FFadAen, Bz of
HEE AHE3Ste] 3 @ ZrO; Ball& 24413 &7 9 &
HE vk = ¢ FH8 A EE 80Ce A
Z7]140 A 1242t o] AZE A AxE AR
& 1,120TolA 2213t 308 &< stisien, i
H AlEe AZAZEAQ Bi0s(99%), MnO:(99%),
Nb,05(99.9%), Al:03(99%)& #7}ste] 24417 A EF
g2 EH4E sk 23 48 AlRe oA dzxE
A2l F, PVA $#89& 05 wt% #7189 17 ¢ 4
FE 15 MPa?l 48¢4E 718t 4% A¥FsAch
AEE ANE PVA 8985 Zeid g burn out
AL 600CAA 3412 &<t Yk -8 S&E
& 5C/min® &he] 1,380T oA 2417 FoF 248
gk, AAdE AlEE F7 1 mmE lapping 71AE
Abg-8to] AulelRal, 23y ZIAEWHOR AgdSE
=xskgich Ag d=o] EXE AIHE 600TeA 10
® 0 449 s dAelE €9 AlEMe LCR
meter (ANDO AG 4304)& o]&38te] 1 kHze] F3
TR 731 54& 2AEAY. 248 A9 dEE
Archimedse’ methodS o] &3te] FAs 9o, AlH
o] ATz 9 AATFZE 77 SEM (scanning
electron microscope)¥} XRD (X-ray diffraction)&
o] g3t FFsA .

3. #3 ¥ 1

2% 12 Ca g ¥l wE X-ray 314
He veba vk 23 1a)s 20°004 60°¢] M9
2 3lo] X-ray 3 HAEE neFa g} BE AH
& A¥ A9 perovskite Z2E YERI glon, o
214+ (secondary phase)o] #ZE At o] A4S
CaTiOs ¢l Ao HAZW, Ba AA2 $3] X
2 s A7} ojAd o2 HFo] He HAoR
Atz gty 29 Lb)e  43°A 47°7HA Ffj
X-ray 34 €& vepla ok Ca A3t aie}
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Fig. 1.
a function of Ca substitution.

XRD (X-ray diffraction patterns) of specimens as

Aol Wizli= glom 45° F1e] (002)/(200) peakel A
e AEe FHA4 (rhombohedron phase)2
azla Ca |89 F7td w2t 4t 2
02 peak7} thﬁ;xl Ak Ba®(1.34 A) o] &KL
o] 2Rk o] A& Ca (099 A) o]2o] Ba # 3§ 5 ‘3;'
AAST7F AT ZeR BNl
a9 2+ Ca A ghFe] Wisle] mpg
5 FAHAEY A ESEM)_C.’._'#_ #EF AL e
1 2tk Ca #|Fko] F71gte] wie} x= 0.10(347 p
m}i’]- x= 0.12(3.89 pym) AlHA = zegle] ARst
= A& 2% 4 JAAN, x= 0.14 o]4F¢ Ca A
g F/NASTE 280 AFsA B FAd

= Aow ARHY. ol Ca ABFL FANASE

Al B A

AL S7FHAAN wobd 2 LSRR U9 27
Ao BRe FEE VAT AoE Moy gHE n
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Fig. 2. The SEM
micrographs of specimens as a function of Ca substitution
(x= 0.10 ~ 0.20).

(scanning electron microscopy(SEM)
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Fig. 3. Densitv of specimens as a function of the

amount of Ca substitution,

a9 32 Ca Ao W] mE A2 AlHe]
A5Z ek Aol Ca z}ﬂzko] Z7)e| uje} @l
=< x= 012704 FS718tAnt7t A8 FS x= 0.14 9]
g FMNATE UEE 4%5:5}: d¥E vehda
ek x= 012 2% AlHNA 569 [g/em’]2 2l
g2 YeERASIG
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Fig. 4. Dielectric constant(g,) of specimens as a function
of Ca substitution.
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Fig. 5. Constant loss(tan8) of specimens as a function of
Ca substitution.

Y. Shukai 5¢] ®aito] oakd [11], Ca A7}
FINAFE 248 EE HA LA (Cad] €
A st o] &nkA o] Bart}h ), AddEs Frhsl
7] W&o A4 FxE el AR Atrdr

a9 4% Ca B Wsle g FA35(e)E
LEb Flolth Ca®l A &eFe] F7hol| upel {3444
e dAAHor ZAsteE 4% deda vk x=
0.10 g8 AJHAA FHF57F 158942 HAGS
Uetglt)h. ol= Ca o] F|Jo XJgor
A Ejle] AAsA @ AAXETF EelAER
FAFE7E BAadts Ao Alggch

BodAGoax= 010 o]gelA AgE
0.1 o]&tell A= Ftel&%7} =i TCC (temperature
coefficient of capacitance) 4% FA#| ¢}, ubelA
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Fig. 6. Temperature dependence of dielectric constant of
specimens as a function of Ca substitution.
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Fig. 7. Variation of temperature coefficient of capacitance
with temperature for specimens as a function of Ca
substitution.

F& H2e2 "WojEYR TCC 54L&
7] A&l H7MEE 01 o delA HAEL st

29 5+ Ca A §%e] Wste Mg J2oN 54
g FHEA (and)E el Aol x= 012 A 34
Al A 1539 HEghes BHow, xgee F7ld
el fREAdE Hak Frbete 4%E Yeida 9l
=

a9 62 Ca A8 Wsle] ©E 1380TCeA 4
AE AN 13T 2EEANE -2 ~8T7HA
e elel A 1 kHze Fa2 F48te] vesl 3
ojt}. Ca Xgge] F7tol wel Fe&E(Te)e P&
A A, EE AlHA A, 10~20T 9] A& §&
MM EAse Ao Algdr. AFge] Tl
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Table 1. TCC properties of specimens as a function of
Ca substitution.

x TCC Max TCC Min
0.10 2 =77
0.12 2 =79
0.14 1 13
0.16 0 -64
0.18 0 -57
0.20 2 -39
‘I’rf‘-]- AT E Zidte 54S B 0@ o
£ Ca A#Fo] T7HEFE A-sited] F= A #
o] 51 A% H7kd i@%lﬂ?j Biz03, MnOz, Nb2Os,
ALOsE 28] A Agos FA 283

FAg57E oA Aer Andn

Oy 7 Ca A §Fge] Wizle] g AlHe %<t
A4 #Hrkslz] §8 1380ColM 24 A
-25TC~8TC7HAe] 2% WA FA% F thgo
4 (D) o] &3ty TCC 54<& T8k Ykl Aol

c},
C —
TCC(%) = T(, 5T 100 (1)
“25C
=% BaTiOz8] A2 5339 f4d44 °i TCC &
Ao 958 A7 1500 Axor), ngtg &

A Auz FHsA AHEEE Y5U E*ét 4
47 7,000~8,000 HEolH, R2E-AFAH2 W}
TCC 7} EIAS] Y5U &% AW +22~-56%E ut
ZaoF @) ol FYLEE A2 H ez o|FA
F|HA AEoAe] FHALELE FUHA7l3, TCC £A4
< Aojste] FEY + Ut FAH AHURFEH 2%
Wsle] mE Al AEA M-S x= 020 # g
Ao A +2~-55%2 FAHUow, EIA TFo ut
%513l 9l Ao® Almgr

# 1& Ca X8zFe] Wsle] @& TCC 54& £
& A Aot}

C

4. @ &

= AFdME LR-AA2HE A5 (TTOE %

2], A7 A12Z pp. 797-802, 2014 129:

NEE 5 Bl

A ko] &5 BAo] §-F3FHEAM FAld afH AF
2 2= gy 2dd 2AS ?Htga}sr,z} (Bay xCa
(TiogZro1sSno)0; FAo| Cag A st 1 A3
o] Wisle] mE Aetul 2o Azt vATE 1
g 3 54 vA= dF st =AR A3
e &9 2o

1. RE A#H2 #A¥ 42l perovskite 725 e
gl 9low, o]a) (secondary phase)o] IHzE At
o] A4+& CaTiOsl ZHe#@ Alg¥ I, Ca # gk
wpe} el Wt Aol glon 45° Fel (002)/(200)
peak oA 2E AJHE FHAA (rhombohedron phase)
< e

2. Ca X §ee] Wale] wp} AlH9] A FRE x=
012 &g A|AAAE 2dde] Ao,
ol 4k g Aol = 7HAE T

3. & ¥sgld wE AFA2Ed2 ¥sE (TCC)
= x= 020 2 A AHANA +2~-55%F FAH 5L
™, EIA 179 5 a gl AoR Aludt

F3 dFqME 24 S2EE AR FEF A
olef, AEHE ZAt WIHEE LZAEAE AESY
A oA AL PFATo RN LALEE YIEE F
Alo] {HAEE Ze A EdS 248 dFsn

A g},
zAel 2

2 dFe 20139 AHEAF
AT A5
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