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Abstract: Phase evolution, sintering behavior, microstructure, and microwave dielectric properties of (1-x) mol Ba3V4O13 - (x)

mol BaV20s system were investigated. The sintered specimens of all compositions consisted of Ba;V4O13 and BaV20s, and no

secondary phase was observed. As x increased, the linear shrinkage decreased to the composition of x=0.5, and then increased

again, implying that Ba;V4O13 and BaV20¢ phases interfered mutually with each other during sintering. All compositions showed

a dense microstructure with a large grain growth. Cracks were observed in some compositions because of the relatively high

sintering temperature of 620~640°C. As x increased, the dielectric constant increased, while the quality factor was maintained
from about 50,000 GHz to about 70,000 GHz up to the composition of x=0.9, and then decreased to 20,987~27,180 GHz at the
composition of x=1.0. As X increased, the temperature coefficient of the resonance frequency showed a (+) value from a (-) value.

The dielectric constant, the quality factor, and the temperature coefficient of resonant frequency of x=0.7 composition sintered

at 640°C for 4 hours were 10.61, 71,126 GHz, and -4.9 ppm/°C, respectively. This composition showed a good chemical

compatibility with Al powder, indicating that the Ba;V4013-BaV20¢ ceramics are a candidate material for ULTCC (Ultra-Low

Temperature Co-fired Ceramics) applications.
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Aee, X7t 8574 50l a9 0 [1]. &5 A7 Al
U AL AAL o ohetA] HTCC (High Temperature
AL2%>950°C), LTCC (Low
Temperature Co-fired Ceramics, AZ&% 700~
950°C) ¥ ULTCC (Ultra-Low Temperature Co-fired
Ceramics, 222 %<700°C)o 2 & 4 it} [1]. =
o] 233t Y 1/d53re] Qo wakk W (B]X| % 5.6
uQ-cm [1]) A=2 tiAllst= Ag (B]AF: 1.6 pQ-cm [1])
T2 AHE-she LTCCoT 241 | Aol 7 o] &, 2|
ofl= oAl AoF, AAAIZE Aok, BteA] £ 54519
A2}t 5= #sliAl 700°C o]stof|A] FAIAdo] 7Hsgt
ULTCCO] thst A7t E &)1 9ith [1,4-6]. Valant &=
0] 680°Coj| A A7 3t Bij,PbO1g A2} A7} Ofo] 3 2 1} O]
oo 943t QR EHS LER]E AT1E B gt 0%,
ULTCCof| tfigh A~t+= AtstuputE7], Abete A1A], ’*2}
S BERIA Sofl 5= ot [1,4,7].

stH, BaO-V;0s 2dEA9l= BasVy0s. BayVi07,
Ba3V4013 BaV206 Q 57 }§6PD O] Z‘Sxﬂa}% Z’igi
BumluQon, 47 getE2 ULTCCR §80] 75T
7oz ¥uEy 9t} [8,9,12,13]. Deng 52 8 wt%
Li,COsE 73713t BasVo0s A2t A5 660°Cof| Al A5}
T, §AR(), BAARQH) L BAFDRL] LEAL
(t)E 22+ 13.07, 33,000 GHz ¥ 13.0 ppm/°CO& ¥ 11
SHATt [9]. BasVo07 M2t A= 900°Cofl A 245 4%,
e, Q+«f & 17} 247 10.1, 51,630 GHz ¥ -26.5 ppm/® C
o2 ¥iug9on, Joung 5& BayV;0,9 Li;COsS &
7tsto] A2 =5 750°C7HA] YR A9 ULTCCR 28
Tl AALTIt tha =} [10,11]. Kalathi g o
BasVaOs M2t A5 600°Cof| A 2745, g, Q*¢f Y 15
7¥7F 9.6, 56,100 GHz ¥ -42 ppm/°Co 2 B 15tgch
[12] Neelakantan 5-& BaV;0¢ A2t A S 550°Cof| A

Asta, g, Qxf W = 2F2F 11.2, 42,790 GHZ X 28.2

ppm/ Coz ¥ustatt [13]. & A-tolA+= BaO-V20s
2987 3291 BasV4013 X BaVy,062] & =2 A&
St o5 220 Y4, 22715, DA 7E U ofol
Seut gAS4E Wttt Teln AT vhe
Y2 Brtstel ULTCCR 8ol 7Hsatal 2 Bekstaics.
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Fig. 1. Powder X-ray diffraction patterns of (1-x) mol Ba;V4O13 — (x)
mol BaV20s ceramics sintered at 640°C for 4 h; (a) x = 0.0, (b) 0.1,
() 0.3,(d) 0.5, () 0.7, () 0.9, and (g) 1.0.
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Fig. 2. Intensity ratio of (013) plane of Ba;V4O13 and (221) plane of
BaV20s sintered at 640°C for 4 h.
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Fig. 3. Linear shrinkage of (1-x) mol Ba;V4O1; — (x) mol BaV20s
ceramics.
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Fig. 4. Apparent density and relative density of (1-x) mol Ba3;V4O15 —
(x) mol BaV20s ceramics sintered at 620°C and 640°C for 4 h.

Fig. 5. FE-SEM images of (1-x) mol Ba;V4O13 — (x) mol BaV20s
ceramics sintered at 640°C for 4 h; (a) x =0.0, (b) 0.1, (¢) 0.3, (d) 0.5,
(e) 0.7, (£) 0.9, and (g) 1.0.
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Fig. 6. Microwave dielectric properties of (1-x) mol Ba;ViO13 — (x)

mol BaV20s ceramics; (a) dielectric constant, (b) quality factor, and
(c) temperature coefficient of resonant frequency.

L= x7t Z7Heol @A A A5] obK]= AuhE LEHY]
00, BaV,062] AZ7J0] BasV,0138.0F ¢33t 7102
T
= 50 640°CoflA] 4A|17F A7t (1-x) mol BazV40i3 -
(x) mol BaV,0eA] A2t} A9 § AME-Z LERYIQITE &
Z/go] XUk v RE UEY I oL,
L2 sl H=stA JAF /7ol ol
ESH x=0.1 24 2L 0.5 A A=

rln

32 32

}.
c}.
22 60] 620°C % 640°COll A 4A17F 278 (1-) mol
Ba3V4013 - (x) mol BaV;067] A2t A 0] Ofo] 3 20} &
ME/S& YEHH T BasV4013 E BaVy062] 8178 4=
7¥7F 9.10~9.22 ¥ 11.78~11.920 2 EAE|QI O, o=
B 1% BasVi0139] 574784 9.6 Y BaV,062] 74784
11.2~11.58} QAst Zholth. x7t Z71sto]| whata] A4}

z

4> 23rH Al (logarithmic mixing rule) .2 AAr
Fa(e)E 19 6(a)oll Ao = eIt [16].

345

loge = v,loge; + v,loge, )]

4714, 1 2 2= 2 =S 28l ve 24 Y 2ea U
EPliTE. A (1) 2 Al4tst 57474 ?
& UEY9ITE. (1-x) mol BasV4013 - (x) mol BaV;O¢
Al At} Ao 2AA QxS 1 6(b)oll LEF T
x7t Z-7tehof| @ebA x=0.9 £/47HK] = 2F 50,000 GHzoj|
Al 9F 70,000 GHzE SX5tth7t x=1.0 ZAA
20,987~27,180 GHz2 7Ztasl= A2 Uehygict
BasV4O13 ¥ BaV,069] EAA 4= 242+ 56,100 GHz ¥
42,790 GHz2 ¥ 11 5|9t} [12,13]. BaV,069] & A 57}
Buw gEn G2 ol UAos 22 AZREO
7106k Ador AZtHY. Joder IFe FAALE
J

70,000 GHzt9] =2 S74A e 1
4ol A et QI 0] A0l =l dHE =Tt &
5hl7] o= > &
< 4R it 2JA Qel
19]. Alford & &
A QRlog= B¢ 2,
Aee, 33 50| ot Bsielt [18]. &
s A gQlo] 2AA
g2 DRI B sk
1-x) mol BasV40i3 - (x) mol BaV;0eA Ml2te] A0 &
REropapo] oA (rn)E 18 6(c)o YERHIIT
BasVi0139] 1= -42.3 ppm/‘C2 =100, o] g
B E -42 ppm/°CeF FAFRE gholtt [12]. x7} S-71=holl
TrepA +3eFo 2 o]55t, BaVy06Q] 1= +27.0 ppm/°C
2 5= o, o] 2 B s 3 28.2 ppm/°Cat {AF
ST} [13]. 640°Coll A 44Xt A3 x=0.7 A 9] &, Q*f
al 7= 7F2+ 10.61, 71,126 GHz ¥ - 4.9 ppm/°CE UE}t
Biel=

a2 79 x=0.7 &4 80 wt%2} Al 22 20 wt%=S &3
Sl 640°Co| A 4A1ZF 24T 2 AA9] 7Y X-A 2|4
ZA1+e} EDS line scan Z1H2 LERRQICH 27 7(a)oll A
BasV4O13, BaV,0s ¥ E3td Al 29| 3] nj 39t ik
o, O 28] o 2= HAEA] 2 AR REH
249 Al 222 BagVs013,-BaV,067 Al2t2] 29} vhg

_|—>
uju

(0]

Da)

olr

o
rlr
2wy
i)
rlr

oy T
)
fo
rO
o F\O
= my
oX,
-
Br
=2

qHﬂ

% o

=
O
=

tu
B
)
i
e
gt
s
o
fol



346

_ALm:JJJZNJJﬂJMt&ﬁ; k&HJJ »

30 ES a

Intensity [au.}

1
26 (deg.)

Fig. 7. Powder X-ray diffraction pattern and EDS line scan image of
the composition x=0.7 and Al powder sintered at 640°C for 4 h.
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