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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;V4013 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.

Keywords: ULTCC, Microwave, Dielectric constant, Quality factor, Temperature coefficient of the resonance frequency

1.ME Ranging) A| A8l X5 2 EA|AE|(Intelligent Transport

System, ITS) 0l §-&% = oto] L= 0} Aj2t2] 20f Tt

ol5&Al ¥l Abgol §435] YAstL = 7hetl & A-7ido] &Es] o] FolA| L gle, o] Azt T
A5k, 24 LAN (Local Area Network), GPS (Global 9] B2of tfdt 43317 Q@ LEHA TF& TA|44 N2t
Positioning System), RADAR (RAdio Detecting And A7} HicmjA HE, QA o]E, Yo]E 7ol = QteLt

£2 Sang-Ok Yoon; soyoon@gwnu.ac.kr

o .
Copyright ©2021 KIEEME. All rights reserved. S ool 9 ALSR), re O X aA] O EMOl 2
This is an Open-Access article distributed under the terms of the Creative Commons - = P a o
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) T Qr KE)] )g , E‘}% 7‘H E—Q‘} 94 Opjug;g-ﬁ]—l‘ ‘I'I"}\} c->1 ) i_:fﬁg ksl
which permits unrestricted non-commercial use, distribution, and reproduction in any — o =1 = o
medium, provided the original work is properly cited. KE—I] O] O]'O ij’é %E— EEFEKE']_ -TI']'Q‘] 9’]'0—!-51 OO]:FT':]] }g , l;—'i‘t‘ OE'.:]



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 5, pp. 342-347, September 2021: Yoon et al. 343

Aew, X7t 8574 50l o490 [1]. &5 A&7 Al
U AL AAL wof theta] HTCC (High Temperature
A2%>950°C), LTCC (Low
Temperature Co-fired Ceramics, AZ&% 700~
950°C) ¥ ULTCC (Ultra-Low Temperature Co-fired
Ceramics, A2 =<700°C)0.2 U=z £ ot [1]. 2=
o] A3t Y 1/d53re] Qo waks W (B]X|§: 5.6
uQ-cm [1]) A=-2 tiAllst= Ag (B]AF: 1.6 pQ-cm [1])
T2 AHE-sh= LTCCo 4] | Aol 7k ol %, 5
ofl= oAl AoF, AAEAIZE Aok, BteA] £ 545119
A2}t 5= #sliAl 700°C o]sto|A] FAIAZ o] 7Hsgt
ULTCCO] thst A7t E %] 7 9it}h [1,4-6]. Valant =
0] 680°Cofl 4] 273t BipPbO1g Al2t2] A7} ofo] I 2 u} of
oA 225t OMEAS JER= Aal2 13t 0],
ULTCCof| tfigh A~t+= AtstuputEA], Arete ARIA], ”94‘
S BERIA Sofl AEE AL ot [1,4,7].

stH, BaO-V;0s 2%d8A9l= BasVy0s. BayVi07,
Ba3V4013 BaV206 Q 57 }§6PD O] ZS_KHE}% Zﬂﬂi
By glon, 47 shtE2 ULTCCR g&o] 7tsg
7oz ¥ury 9t [8,9,12,13]. Deng 52 8 wt%
Li,COsE 73713t BasVo0s A2t A5 660°Cof| Al A7 5}
A, (), FAAS Q) R SR F o] A5
(t)E 22+ 13.07, 33,000 GHz ¥ 13.0 ppm/°CO.& ¥ 11
SHTt [9]. BayVo07 A2t A= 900°Cofl A A5t 3%,
e, Q+«f & 17} 247 10.1, 51,630 GHz ¥ -26.5 ppm/° C
o2 ¥yug9on, Joung 5& BayV;0,0 Li;COsS A
7tsto] A2 =5 750°C7HA] YR AR ULTCCR 28
7= AZA%7t thA =t} [10,11]. Kalathil &&
Ba3V4O13 A2t A5 600°Cofl A A4

Co-fired Ceramics, A

Sk, e, Qxf R w5
7¥7F 9.6, 56,100 GHz ¥ -42 ppm/°Co 2 Y135t TH
[12] Neelakantan 5-& BaV,0¢ A2t A S 550°Co| A

Astal, g, Qf W = Z2k7F 11.2, 42,790 GHZ & 28.2
ppm/ Coz Wustatt [13]. & A-tolA+= BaO-V20s
2327 g3E9 BasViO0i13 @ BaV,068] Ed=2 AR
5k, olg =2 4. AZA s, nAHR ¥ o]
Azn FA5EE Foteroh 22)a AlRgute] vhe
‘4= B7tsto] U

=
o] ULTCCR §-§o] 7}5etx| S Hekataich.

2. M8

Iz

EY24 2% BaCOs (&1 99.5%, Sakai Chem. Co.)
V,05(99.0%, AR50k 2el) Huke 212519t &A1
SH
=1

©
< 500°Cof|A] 447t 5FASHY] BasViO13 E BaViOs

Flob we

P9 212 2 A ste] (1-x) mol
aV,06 (x=0, 0.1, 0.3, 0.5, 0.7, 0.9,
e 57 15 mmel 03 343
I S 600~660°Co| A 4A]7F AZABtY
o]_Q_o]-oq EV S

LR
<] X-A P EA7(D/MAX-2500V/PC,
Rigaku, Japan)e o|-gsto] EME AZAA ] TS &

A5ttt FE-SEM (Field Emission Scanning Electron
Microscope, S—47OO Hitachi, Japan)g ©o]-8sto] &2
A tNHRE WEstR e, 2AE EDS (Energy
Dispersive X—ray Spectroscopy)= 0]-25}9] line scan
S WAFSHYICE Network Analyzer (8720ES, Agilent,
U.S.A.)E A}85to] Hakki-Colman¥io 2 SXAtr~E

ArchimedesH

LAy mYL Al RTI EYstel 237 &

O

e

J2) 1 cavity'§ o2 A4 W ZAFL0) 2=
S 47 F7shlnh

2

}

El
b

3.4

2 19]) 640°Coj|A] 4A]7F A5 (1-x) mol BasV40i3 -

(a) ¥ BaV.0, #35-1466 yv
= BaV,0, #49-0525 ' '

v
i
B ‘,,ELJ.J',M f "

V
m’:‘kﬁ e

®) H

F

v M
Ymv

(c) =

r

Intensity (a.u.)

v \ -
Vie |Ivv' u =
I B¢ ] ‘-J._IJI?"'.U;Q{L‘-@ = e

® o

- - .y I Al
R R L (S S
@ T

- v -
-

10 15 20 25 30 35 40
20 (deg.)
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, (f) 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.
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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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