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Microwave Dielectric Properties of the (1-x)TiTesOs—xMgTiOs Ceramics
with Sintering Temperature
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Abstract —~ In this study, the (1-x)TiTesOs-xMgTiOs ceramics were investigated to obtain the improved dielectric
properties of a high temperature stability and a sintering temperature of less than 900C which was necessary for the
LTCC. According to the X-ray diffraction patterns of the (1-x)TiTesOs-xMgTiOs(x=0~1) ceramics, the columbite
structure of TiTes;Os and ilmenite structure of MgTiOs were coexisted. Increasing the MgTiOs mole ratio(x), the density
and dielectric constant were decreased and temperature coefficient of resonant frequency was moved to the negative
direction and the quality factor was increased. In the case of the 0.6TiTe:0s-0.4MgTiOs ceramics sintered at 830C for
3hr., the microwave dielectric properties were €,=29.3, Qxf;=39,600fz and T¢#=+9.3ppm/TC.
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Fig. 1. XRD patterns of (1-x)TiTesOs—xMgTiOa(x=0~1) ceramics.
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Fig. 2. Microstructure of (1-x)TiTesOs—xMgTiOs(x=0~1) ceramics.

Y 3& 2ZFexd W& (1-x)TiTes0s-xMgTiOs(x=0~
D Azt 29 £58& Jebd Aot MeTiOs(x)7t 718
FE FFo] ey 257 F7edn ol 29 20A
4 & U%o] MgTiOs(x)9l F7tel me 2d2%st F71F
7l dEoz AAdr B =EdA AlHo| 16%~175%2]
TEES /1A 9 5% vlolaRg FAEA o] Yeltl

23 4Me 22exd wWE  (1-x)TiTe;0s-xMgTiOs
(x=0~1) Metg 29 Bxg YAt BE =AM 22
227t F7 el weEt Ydxt st 53 2ol el A
EogtE e AY A7 Zrstdnh ol H YL H
P AAEY] Aoz 71Fo] 45 dxst #4ast
Aoz AZtET T MgTiOix)7F F718te e 3%
AR, ol MgTiOs Aatexe UE(E71g/an) 7}
TiTe;0s Mt 2] WE(759g/cn) BT #2 & 714 7]
gEoz Azdart T3 29y 29 vATRAN & F AR
o] MgTiOs(x)7t F7tghel ulet MgTiOs A4l 838 A%
52 F3to] v)Fo] YA dqFe dxe FAIF el

o rr o e
o

2@ 2Fof wWE (1-xTiTesOs-xMgTiOs MEtU 20| olo|32al FHEN

S

Trans. KIEE. Vol. 53C, No. 8, SEP, 2004

T A= A4dd.

(19 TFTe 0, XMTi0,

—a—x=0
—o—x0.1
—a—x02
—v—x=03

N
T
-

AP
_o®
e g

S
g
—o-x=04
éu‘o' s i .“% *
..‘_x;o's 1 ]
=] D VN Wi 3
Huf o \ AR
16 |- " \.\.$ \‘\.\*.'&
L , oM
184 \'-| &"\*‘
50 @0 60 0 70 80 80 %0 90

ag 3. Adaxo o2 (1-x)TiTesOsxMgTiOsx=0~1) M2}
Aao =HKE.

Shrinkage ratio of {1-X)TiTesOs—xMgTiOs{x=0~1) ce-
ramics with sintering temperature.

Fig. 3.

75k (1-0)TiTe,0,xMgTiO, Sintered at 3hr. —a—
f\- e fn—g.l
70} ./". :::g}l
— P —e—x04
A ey
E 60} gt :::g;
& < —e—x=09
g S5 “ —a—xl
% sol e k’/._.
‘/.
45 . /*—Q
40t A
35 1 1. 1 1 1 1 H H 1 1 1 7/,/ Q/T—_i
740 760 70 500 £20 80 80 80 S0 90 M0’ 1350 1400 140
Sintering termperature [°C]
Y 4. L2520 wWE (1-X)TiTesOs—xMgTiOs(x=0~1) A2l
giae Az,
Fig. 4. Bulk density of (1-X)TiTesOs—xMgTiOx{x=0~1) cera-

mics with sintering temperature.

a9 5% 42425 W& (1-x)TiTe;0s-xMgTiOs(x=0~
D Azt §FH44E Uetd Aoln, BE Z4olA A&
ALE7F F01gd g fFAdFE F7HET ol 4F

exst Fohgel @eh AUHIL WA R FHALLCE
=D& AAE 7% zasy] WEom AR =@
METiOi07h Z7hgtel meh fH4%E gasidr. o

TiTesOs At 2o FAA4(485) 2ok & HH44(165)
742 MeTiOs Aetelze drte] o Row A4ztd
EY Ad2re Frt wet fRdTe FUrstH o,

A emolgol My or B2 ol Iy 494 U
2o FAZ O F AR dAHY A A% VT
B A% ez gAe

i J;‘. il

1

oft

461



REP WAL 53CH 94 2004 98

50 I’I’
(-XTiTe,0,xMTIO,  Sintered ot 3h.

—e—x=)
- —e—x=0.1
| o7 —a—x=02
7 —v—-x=03
—o—x=0.4
—a—x=0.5
- p=x=0.6
—o—x=0.7
v —%—x=0.3
o —e—x=0.9

—e—x=1

~.
./

2 8
L] T
o

Dielectric constant
-3
T
»
)

<«

B
T

/,»»
-e
¥
® I o
i ace-e
—o—y
1_/g ) 1

15 L i 1 . 1 L i 1 I3 L rds
720 740 760 780 800 820 840 860 880 900 920 940’1350 1400 1450
Sintering temperature ['C)

a8 5. 28250 wg (1-XTiTes0s~xMgTiOxx=0~1) A2}
9l Ao FHEAMT

Dielectric constant of (1-x)TiTesOs-xMgTiOa (x=0~1)
ceramics with sintering temperature.

Fig. 5.

a9 62 248259 B2 (1-x)TiTes0s-xMgTiOs(x=0~1)
A2 FRAAFE degd Aeo)H, MgTiO:e Ev9 F
7t wep FAASE FUFEIAT. ol 365000kE
TiTe:0s At 2ol FFAAFHEY L 11000008
MgTiO: Algtg2e] FAASF 9% Aoz AZ4An &
Ry AN 2BLxr) F7kgd wel FAASE
7tetct. ol XAt AFPFHo] FAATE FLIE
Fo] FaFE) WEoZ gAAd11]

NN

A
N oo @ of

,
L4
Ix10° | QTiTe 0, xMgTiO, Sintered at 3br. ’\.
1x10’ | =0 ./
—e—x=0.1
L —a—x=02
WO w03
« —&—x=04
_8’(10 —~4—x=0.5 ',._t\.
ol T e
w7 —e—x=0.7 N
| —x—x08 Ak NE
6X10" - _gx=09
. —»—x=1 o--%-o
5x10° | —rr
4x10* | N««l’
/.\ /f’az‘y
Ix10° /- oY
2x10° [
| ST | § IR W S N i Lo 1 1 a1 7

el 1. 1|
740 760 730 800 820 840 860 880 900 920 940 ' 1350 1400 1450
Sintering temperature [°C}]

23230 w2 (1-x)TiTes0s~xMgTiOs(x=0~1) A2}
olAo] EXA S,

Quality factor of (1-x)TiTesOs-xMgTiOs(x=0~1) ceramics
with sintering temperature.

a3 6.

Fig. 6.

a9y 7& 2722 w& (1-x)TiTesOs-xMgTiOs(x=0~
1) At re FAFAFY ERALE YERN A, MeTiOs
o] Buj9] Fte) we} 2EAFE §(0)9 W2 o|FsE
aArk ole +558ppm/TY LEAFE 71XE  TiTe0s Mt
2o} -575ppm/TE S=AFE 7t MgTiOs A=A
E A7 e deEgyga e uEsd LA B
H7l ez AzZEd 232z gdEME 2EAFV
aA dsA Fdo

462

m ,l,l
~g-= S a —.—

" (-RTiTe 0, xMgTiO, Sinered t 3hr. —%— :;1
—a—x=0.2
—v—x0.3
—o—x=04
—4—x=0.5
—»—x=06
—e—x=07
—n—x=0.8
—9—x=09
- =1

[ Ty

8

a-h-A-A-a

[
S
T

Vy-p-V-y

Lo Y

TCF [, ppm/ °C]
(-3

X
Y
W

~40 - .

o\’/°

| P W B | [ S WU TP T P G B PR | 1

740 760 780 00 820 340 260 $80 900 920 940°’ 1350 1400 1450
Sintering temperature [°C]

ay 7. 2F2x0 WE (1-XTiTesOsxMgTiOs(x=0~1) A2}
glAo] FRFUIFe 2T H S,

Fig. 7. Temperature coefficient of resonant frequency of
(1-x)TiTesOs-xMgTiOs(x=0~1) ceramics with sintering
temperature.

4.8 =

B A7 E 90T o3l ALAA AFHeol JteEn
fESH AL L3t nojaza FHAEAS FHAT]Y]
18t (1-x)TiTesOs-xMgTiOs(x=0~1) At 29] 24L&
To e T3 54 % nolazd FAEAHE ZAEA
&3 2L AEL EUT

1. X-4 fABN3 vAq7zEY ZAIgzRy ZEvlola
(columbite) %2 TiTesOs A=~ dujr}o] E(ilmenite)
729 MgTiOs Algtgae F Aol N2 F&8% gdn
Z+zte] Jog FEIAY.

2. (1-x)TiTes0s-xMgTiO; Ajct= 29 vlo]azs {FHAEA
& YEY A (logarithmic mixing rule)o] & A& Ao}

3. MgTiOz9] &ul9] F7tof uigt D= FANFE B2
A1, FZASFE Frtstgen, FAFRSY 22A4F

()9 ez ol FIA

froo

4. (1-0)TiTes0sxMgTiOx(x=0~1) A&t 29 {FAZF(),
ZAAFQxS), LEAF ()= 165~485, 33,600~110,000
G, -57.5~+55.8ppm/T o}lem, 830CANA 3A17F A2F %
06TiTes0s-04MgTiOs A ety 2ol Z+2h 293, 39,600
G, +9.3ppm/T °] %1t}

u.)'1_|

a2 2 @

[I1R. R. Tummala, “Ceramic and Glass-ceramics
Packaging in the 1990s”, J. Am. Ceram. Soc., 74[5]
pp. 835-908, 1939.

[21 H T. Sawhill, “Materials Compatibility and Cosin-
tering Aspects of Shrinkage Control in Low-tem-



Trans. KIEE. Vol. 53C, No. 9, SEP, 2004

perature Cofired Ceramic Package”, Ceram. Tran., 26
pp. 307-19, 1987.

[3] Yamanaka, S. and Miyake, M., “Study of the ternary
Ti-Te-O system”, ]. Less-Common Metall, 159, pp.
179-189, 1990,

[4] M. Udovic, M. Valant, D. Suvorov “Dielectric
characterisation of ceramics from the TiO;-TeOs
system”, J. Euro. Ceram. Soc., 21, pp. 1735-1738,
2001.

[6] ol &7, A4, HJM, F714, ol9g3], “CaF. #H7lol
G2 TiTesOs At A9 nmlo]laRn {FHAEA", A
718} 8] &t A8t &l 3], C, pp. 1589 ~1591, 2003.

[6] M. Onoda, “Ba(Znl/sNbz/3)03-Sr(Zni/aNb2/3)0; Solid
Solution Ceramics with Temperature-Stable, High
Dielectric Constant and Low Microwave Loss”, Jpn. J. A ARARFTEH HAAA
Appl., .21, 1982. Tel = 02-940-5164

[71 . M. Wu, “Reaction Sequence and Effect of Calci- E-mail : hayoung@kw.ac.kr
nation and Sintering on Microwave Properties of
(Ba,Sr)0- Smy03-TiO; Ceramics”, J. Am. Ceram.
Soc., 73, pp. 1599-1605, 1990.

[8] B. W. Hakki, “A Dielectric Resonator Method of Mea-
suring Inductive Capacities in the Millimeter Range”,
IRE Trans. on Microwave Theory and Techniques,
Vol. MTT-24, No. 10, 1960.

Z A AL B W
20039 Feul HAREW UH=EALA
2A2E} 2. A F O ARA
g sty 4AA
Tel : 02-940-5164
E-mail : hulhaha@kw.ac.kr

of & 7I(x x #)
19949 F&d Fo AARAREFTAR £4.
19979 #&d AYPEUY AAAR
T SAAAD. @A B A

71 A B x)
19854 #&d Fd ARARFsF £4.
19879 #&o ARGt AR
83 Z24(XAh. 1994 F&d gy
[9] Y. Kobayashi., “Microwave Measurement of Dielectric AARAZZTEIY G (F). A AF
Properties of Low-Loss Materials by the Dielectric 3t AAa mwS,
Rod Resonator Method”, IEEE Trans. on Microwave Tel : 031-880-5200
Theory and Techniques, Vol. MTT-33, No. &, 1985. E-Mail : kwryu@yeojoo.ac.kr
[10] H. Kagata, T. Inoue, J. Kato, “Low-Fire Bismuth-
based Dielectric Ceramics for Microwave Use”, Jpn. J.
Appl. Phys, 31, pp.3152~3157, 1992.
{111 W. D. Kingery, H. K. Bowen and D. R. Uhlmann,
“Introduction to Ceramics”, John Wiely & Sons,
Second edition, pp. 937-945, 1976.

o] & 3|(x k EB)
1973 A Td ACFER £4.
1975 F digrd A3 S (AAL.
19814 § Bed A7 EQ(F.
A4 Fed I AAAEFTEH nF
Tel : 02-940-5164, Fax : 02-915-8084
A A A2 7 E-mail : yhlee@daisy kw.ackr

F o Mg & &)
19989 Addl Fdl AT e £, 2000
ZFed dEgd FAASFTES EGHAD.
@A & ded AAARFT S AR A
Tel @ 02-940-5164
E-mail : sunsee@kw.ac.kr

2Z2zo ©E (1-XTiTedOs-xMgTiOs M2t2A A0l ojo|3 2T FHEY 483



