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Abstract: The microstructure and'dielectric properties of VoOs-doped BaTiO3-Y503-MgO ternary
system were studied. SEM shows that-V ions can promote grain growth of BaTiO3 based ceramics,
but decrease the density of sintered ceramics. XRD indicates that V-doped samples have pseudocubic
structure and the solubility limit/ of V is more than’1.0mol%. The results show that V can increase
the intensity of Curie peak-and improve the (temperature stability of dielectric constant, because of
the formation of core-shell-grains-with thin shell layer, which is attributed to the fact that V ions can
effectively inhibit the diffusion of Y and/or Mg ions into BaTOj3 grains and change the distribution of
doping ions in the grains. Moreover multivalent V ions can reinforce the nonreducibility of this system,
and the insulation resistivity increases to 10'3Q-cm and dielectric loss decrease to 0.63% consequently.
The high performance materials with dielectric constant of 2600 satisfying the X8R requirement is
achieved when 0.1mol% V is added.
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Fig. 2 Density and shrinkage for BaTiOgs-based di-

electric as a function of V content

35

) |

% " J &_ J J‘\_NJPVWA 1.0 mol%

g " I L.,/;}‘J‘ 0.4 mol%

£ b ol |A~ - JL..J‘»..J 0.2 mol%
" e ‘L won 0.1 mol%

mw i

W WWWWJWW@“W‘M 0 mol%
20 SIO 46 5I0 GIO 7I0 80
20/(°)

3 ARV BIRERGK XRD K
Fig. 3 XRD patterns of samples doped with different

V content

®1 EFHEEr OEEHEEA /T

Table 1 Ionic radius and Ar/r ratio

BaZt( Titt Mgt v vyt oyt et

T/A 1.610-.0.605 0.720 0.790 0.640 0.590 0.540
Ar/rf% — Y-

AT o FAR /D, TAEE R R BRLE N, V EZL
3 A4 BT, B VO TR S H B VA TE A
o Ho A R B R LT AR AR /N, DT 7E 232
BaTiOs Jh HL IR BERF1E L3 0 B35, W 4.

19.01 30.58 5.785 2.479 10.74

5000
. o (a)
4500 - 0mol%
—— 0.1mol%
—_—— 0
4000 - 0.2mol%
——0.4mol%
3500F 1.0mol%
w
3000 |-
2500
2000} oo
1500 1 1 1 1 1 1 1 1 1
275 50 25 O 25 50 75 100 125 150 175
T/°C
O omol% (b)
75F —— 0.1mol%
—_— 0,
ol 0.2mol%
—— 0.4mol%
45 ——1.0mol%
(=3
E 30l
Q
S 15}
3 o X8R Window
5| g
30 1

-75 —5IO —2I5 (I) 2I5 5I0 7I5 ’I(I)O 155 ’IéO 175
TI°C

B4 VEmEx Y/ Mg 3£#87% BaTiOs Bg&EH 4

8 BEFR A 5 T

Fig. 4 Dielectric temperature characteristic of Y/Mg

codoped BaTiO3; materials with various V content

(a) e =T; (b) AC/C —-T



4 # Z= ¥, . VaOs X BaTiO3-Y203-MgO i %4 B8 i 2 i 709

Bl 4 & V205 I X Y/Mg 3548 7% BaTiO3
& BREFRENER e - T, AC/C -T).
NI 4(a) AT DL, Fr AR5 B9 B B s (Curie point,
Tc) ¥k 129°C, X R B « <1.0mol% A2 5%
3| BaTiOs Mg By gk — I L AHFE AR IR BE . 4B 2
V05 J5, BN e —T MABEM, FHHEE VS
M, REA BT R F EE B ARG
=, JLH M 2=1.0mol% B}, J& B SR K IR 3T,
mE 4(a) fras. KRB VS EA RSB
B, XEHEEN RSN RS ET R, m
iV SEABEEHGEK, 2hHEZ AP
N2t DA B Stk AL 3 . ANIET 4(b) ATAER H, 4
x=0~0.2mol% B}, KR AL AC/C B A
B, MR AC/CEE Y5, BUE AC/C B E
FaE M AR A, W2 X8R ARiE; 24 2=0.4~1.0mol
B, KR AC/C B B FEAK, H SR AC/C B 3 Hh 1
K, FHAC/CRKRKHEHT X8R FHEEE. X
IS V205 Bt 5 Y05 . MgO HhEAVEM, B
BMEAEYT /SRS, NS HE
TR B R

WFSIERT, 1B fa 2 Al BaTiOs % Mg & FH 1E1E
b 22 3B ST AH W & LSS S 25 A - R RE 0 DR Bk A Y
4l BaTiOs, k7% 4 I HLAF 9 #8 2% BaTio) . 4
RBRVE, e—T ZHEFHE ML, X
B Y203/MgO 374 B 2 7] L FE BaTiOs B &
e Fe bk, FFH Y . Mg &S REAS A 2 Hh He il Al
YRR,V BARE RAEE R TR, X
WV &AB EEMBREER. R SSMER,
(RN =" 2N S5 | 2 P A O O
g Bl ke, BEE V BRERE, &
L5 B A BR A R 32 2 Ok /S g s 3

Kishi % [T #f5% T BaTiO3-Ho,03-MgO & &
T, IRY BCE W Mg RE 4% 4 il 8 28 B+ Ho [1]
BaTiOz gg b N9 8L, AT M4, X1
V,05 $#7% BaTiOs-Y203-MgO #4:, HMIIAAE
Mg L, V FEZ ST B s TR E
EWAIER. BT V205 BIRE A, TERGSRFV
5 BaTiOs 7EEARME FEBL & A R VB =, FFR
BT V£ BaTiOs AP BRI REFEH AL, EE K
Mg P BCRFEAL, V&7 DIRA R RE 1 At
ZIRE T Y HE Mg i 2 H#i ] BaTiOs it N HJ
RET B, TEAENBFZEHBRE TKRE
BN, ZRIZRFEFAUEEZH2E BaTiOs df
PAER, T RE 2 BB S ey s, At
Horb R 5% AR R 43 BOM X /N, BR &R R 52 AR 15

R, TR e — T #2284k, BIICIE A H i
TR, TR BEATRERT. FTLUAR, 2 V205
BAEB SR, M T Y205 . MgO #dEg 5
SARET BEER, XEHEETVETREAY
Ry #R, UEHISAE® Y. Mg @9 HUE.

VoO5 & XA B BB IR B FR R B ST (tand —
T), W& 5 FFaR. 4 2=0~0.4mol% B, tand — T &
IRAAARL, AR TS i 28, PR T 7 1 1R X
FIHARA B FURE tand <1.5%, 3+ H. tand Ff 5 B
T -2 H BE AR, X 02 B A TR 1R TS HL R
Hmri e K. AN, XRD 45K B R
MESLTTHE, B 5 TR Y S P AR R R A B Bk
PFER KB, BB To Bi)E tand AR & 4 =72,
2 2z =1.0mol% B, tand B I B 148 fb B AR 0 SR AN
[, tand =T HIZTE 50°C ML BER LT, XFRE
&l T HAR A G B R AR SR T 7 A B e F 2
FEIG K& A

SRR ARG, %EVBRULARGTIESA
SR PE I K, T A S 6L S A R R I AE A I PR
T ETIREGRER /D, FRAPRLELEME
REBAL IR, TH SR AGT, M4 T2
TE— W MEREmlH AT, XN SHE
BEMAEMERELEE, HEESERTRANE
KEJMEBFE. UL, E8EM VHEMNRRE
PERGE I 4R A G VERE, (HEEZH V LARX
MLCC #4i 48 % fa. FH & A P 58 A R 52, DA
FEAIk MLCC Ry {5 I & i

B 6 25H T VoOs BAEXE R A BHiFE (Di-
electric loss, tand) F1 44 2% B B2 (Insulation resistiv-
ity, IR) By 52 . ¥R O0 V205 J5 4 L H #6148 2% iy FH.
R AETHERUE, 4V EEH 0.2m0l%

=y
o

L —o— 0mol% ¢
—&—0.1mol% 7
—A—0.2mol% A

[ —0—0.4mol% [!

L —v— 1.0mol% i

tand/%
o - N w E N [$)] (o] ~ co [{a]
T T T T T T

1 1 1 1 L 1 1 1 L
-75 -50 -25 0 25 50 75 100 125 150 175
TI'C

B 5 V& ERRE A o URE IR B R A S
Fig. 5 Temperature dependence of tand for speci-

mens with various V content



710 To AL A 2 4R 2%

IRIQ-cm

"
0.8}
A 410"
y o

00 0z 04 06 08 10
V content/mol%

Bl 6V & B A H HURE 48 2% v LR Y R T

Fig. 6 Dielectric loss (tand) and insulation resistivity

(IR) versus V content

Bt, tand KO T FEZE KA 0.63%, M IR Bk =
10%Q-cm. X EBEE K VERIHE T Ti &1
TR RS, IR T BRI PR EME. B
RV B TFIEGR G T AR 50, A B T 4R
Titt iR E, MM
Vot 4 Tt — vt 4 Titt (1)
VA 4+ T3+ — V3F 4+ Titt (2)

BT LR WrER, E—2EENEMNV @k
BABHBAEREAC, 4Z i iH Lot

NE R EN, HE V RINEASEm, 4
FAETHREZR LA, MAZBHEEEAFTEAR
WK, X FTRERE I S B B b g it IR AR
Tt BB R ARE, A V B E X
(1)« (2) 1A 4FREAM 8 B W A 2 P4, X I s
LR T B, A tand B B /D, (FE
IRMGR. WEE V S BHE—LI, tand #FX,
TR B, MBS, X RERHE TEmA L
ZREVIER. FTUGH, VHBRESER
SRS G, A R IR A G IARE R
SRy R A, A BARE R V2
DUFH AR B 7 T A A% ot RR IR A L 4106 28 B 5K

bR b, X T Vo Os 82% BaTiOz kg B 1EE i
SERgEn, HA/NES VKL VT BUR Titt
VER E B MRS VT BEFBIEFE N +4 5
+3 4, EEWRARE 24 BT Ve T HE
GRORNE, £V B FBAEEH, VT BB RIE
PERE R F, MMM T TiYt R, W= (1) .
(2); WIFEREIR V3 VAR T R R EE
FIH P EA A, bR, ERESTET, VE

THUZNEEAFETRES, FRA Vi
EMEE, FUFEEAE, XHART VIRHE
Prask.

4 &

TE BaTiO3-Yo03-MgO Fg &1, $B4% V205 56
M LR PERE, (R M e W AR, KK EBUE
B, EERWIARMEEH. B0 e <1.0mol% V By
mm R — S A, HIGHBASE A B, W
ATE AR R A V) E S >1.0mol%.

B4R V.05 A& BaTiOs Mg % H) B H &
(Tc=129°C), HE B EREMK e =T #i 4, - HE MV
o BB B e R B, Y 2=0.1mol% B, AC/C
B EREEIT IR ST, R X8R R, X &M
T V 7E BaTiOs R BEAM, V BFREA MM
1EY (Mg Z= B 19 BaTiOs gk NI Y HE, B
AR 2238 5e Ry ot dl ks, AT AR A5 B 7% B A TR
ERE. 20 VETFERFEA L +4 5 +3 41
KE, VERNZEB IR BaTiOs g B HLE I
P, BRERABEFE, REmAEEHE.

T BaTiO3-Y203-MgO f& & o, ¥ fn & £
V305(~0.05mol%) J5 7 LIRS PEREL R 19 X8R-
MLCC Hiit R &k, HEESHMT: « =2600,
tand=0.63%, IR = 103Q-cm.

EE 3wk

[1] Kishi H, Mizuno Y, Chazono H. Jpn. J. Appl. Phys.,
2003, 42(1): 1-15.

2] £ 7+, WA, Fede, % (WANG Sheng, et al). FHl
B2 (Journal of Inorganic Materials), 2006, 21(2):

369-374.

(3] AR, WA, £ T, . MESHR, 2006, 20(3):
132-143.

(4] 2= B, B A, HBRAE, % ZAMBER. 2005, 22(4):
91-95.

[5] Saito H, Chazono H, Kishi H, et al. Jpn. J. Appl. Phys.,
1991, 30(9B): 2307-2310.

[6] Okino Y, Shizuno H, Kusumi S, et al. Jpn. J. Appl.
Phys., 1994, 33(9B): 5393-5396.

[7] Kishi H, Okino Y, Honda M, et al. Jpn. J. Appl. Phys.,
1997, 36(9B): 5954-5957.

[8] Park Y, Kim Y H, Kim H G. Mat. Lett., 1996, 28(1-3):
101-106.



