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ABSTRACT

Effect of the sintering time on the microwave dielectric properties of the layered Functionally Graded Materials(FGMs) of the
Mgy 03Cag 57TI03;(MCT) with (Cag3Lig ,Smy 45)TiO;(CLST) ceramics was investigated. The dielectric constant of layered FGMs
specimens showed a nearly constant value and did not change significantly with sintering time. The quality factor, however, was
affected by the relative density and thermal stress developed in each dielectric layer. With an increase of the relative density and the
decrease of the induced thermal stresses, quality factor of the layered FGMs specimens increased and the quality factor was influenced
sensitively by the change of compressive stress developed in MCT layers which had a lower thermal expansion coefficient than that
of CLST. For the layered FGMs specimen sintered at 1300°C for 9 h, the compressive stress developed in MCT layer showed the
maximum value, which, in turn, the quality factor of the specimen was the minimum value.
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Fig. 1. XRD patterns of (a) Mg 93Ca;TiO; and (b) (Cag;
Lig 14Smyg 4,)TiO; ceramics sintered at 1300°C for 9 h
and their interfaces of layered FGMs structure sintered
at 1300°C for (c) 1h, (d) 3h, () 6h and (f) 9h,
respectively.
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Fig. 2. Relative and apparent densities of (a) Mgy 93Cag7TiO;
(MCT), (b) (CagsLig 14Smg4,)TiO3 (CLST) ceramics
and (c) the layered FGMs structure specimen of MCT
with CLST sintered at 1300°C with sintering time.

Mg:Ca = 12:88
(Ca-rich phase)

Fig. 3. SEM photographs of the interfaces between Mggg;
Cag7TiO5 and (CagsLig 14Smg 4,)TiO; ceramics with
the layered FGMs specimens sintered at 1300°C for (a)
3 h, (b) 6 h and (c) 9 h, respectively.
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Fig. 4. Microwave dielectric properties of Mgg3Cag ; TIO3
(MCT) and (Cag;Lig 4Smyg4,)TiO3(CLST) ceramics,
and the layered FGMs structure specimen of MCT with
CLST sintered at 1300°C with sintering time.

HANA Hhe Ao] QIxtEo] EAF L glgo] BHEHEU
o, EDSE o|&3 AEAM AH Ca FHFol 2
CaTiO; A¢o] &Y} ol& MgTiO 43 CaTio; A
o T4HA 4y TR ke 29 dAsE 4
Folt}, CLST Aty aE 2E AZFZ ] tiste] &
4o} WM FRE YeRiReH, A 2239 §AL #EE
A gskth MCT9 CLST Algtd & 25 AZAIo] &
7¥gtel wEk A4y A7)7F F74sER e, 1300°CelA 9
A7V 2Z4% CLST Algte 2o e gzke] Al ate] &
ZE k. AlHe] AW e w7 FEd 49, B
AAZZANM FU3tE AN AR EAE AT
T Ao Fgo WAoo} Al 23] YA BAEEX
BUL, ol T Ad= I HEE Fig 19 X-A 3F
Ao} YA s AFolth

Fig. 4= 1300°CellA] 1~9A1ZF 423 MCT % CLST
Al 2o} o] £ A9 BLE HEY HAVISAE F
22 Y3 AR wlojaz s FHEAY X Aol
vlojmg v A4 EddMe U ue §FHSA )
W3ttty B E o6 42 A7te] Zs}ate) u}
2}, CLST AMigtg 20 Ax= I WalshA] ¥ghon,

Adre & e HolA ettt 1300°ClA 9AIZE &
A3 CLST Azt 28] F2A7ge o Aastder,
°|& Fig. 3(cllA &1 4 %ol YA} Fjgde
2 Ag Aoty MCT A2ty 22 799l 1300°CH
A IAIE AFFE AJEE v AddEE YeERYe,
LA F7tel wEt WErt Fhete 97% ol el =
< A RS FAERT. AFAZe] FUhstel uhet
MCT Mzt 20 449 2717t Srtetg e, 245
# gA FAaH ez FUtstded, olE st A wlela
21 Addo g gt FHAAS BE AN
BaE A gage g Aot 3y Al
A& F29 Al 7%, aFAIZke] FrHgel met 2
T7F 7B AL AR FEAS 9A U] St
of me} 2F4 F7IstA oL, oA A% AlHe] 2
ATae 2= & Wt glgdls Evsla 74asirt.

3% A VISR F2o A FEAS #e W
st &S] Yty AF Aol Bl 7z 7 &
AA Fo FEehe deHES oBFHoE TG B
APAME 4 84 S& olF= MCT CLST Aj2HY
2o Zgsh= o] S8 Arha yPEsty MY
ol A&t g4 oM oJaim, Wiy
(strain, €)= biaxial stress(o)ell Hl#EsH 2 Hlelde= &
A Z¢] biaxial modulus®]th. & o6=E'x&E'=E/(1-V),
E: Young's modulus, v:Poison's ratio)] 2}o] A,
ol gt 42 ZF KHA Fo] Yjo WP E wiFdd o
ZA7 Z(randomly oriented polycrystalline aggregates)$! 73
So Hg8 5 ok muse] gk guikew o
Z A2 LFdAME ZF EFEY &3] AE o
& SxoAM AIZE, & og &g Eg thEd
a8y, 283 22 AF2EdAE olHd AR OgE
AALES} A7 BAoE dte] WA Ehs B8 creep
of o5t g3t 4= kP aEE AEY AX)E
ANE 720 AlHof| Zgél= €88 Lo € &
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o HllEh= AoE S F U £ AFM e o
St MCT ¥ CLST Algtg 29 AAA e A7t 449
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Young's modulus % Poison's ratio= EXFA] glornF
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Table 1. Thermal Strain and Induced Thermal Stress Applied to
Mgy.93Cag o7 TIOMCT) with. (Cag.3Lig.14Smg 42)TiO;
(CLST) Ceramics of Layered FGMs Specimens Sintered
at 1300°C with Sintering Time

Sintering

time Emcr €cLsT Omcr OcLsT

lh -0.0287 04389 —0.0287 E'ycr 04389 E'cgr
3h ~0.0255 02447 —0.0255 Eyer  0.2447 E'qysr
6h ~0.0242 02432 -0.0242 Eyer 02432 E'gysr
9h ~0.0507 0.1424 —0.0507 Eyer  0.1424 E'cr g7

9} AFF A7 FUHEAT E71AEA 7)) 93
1300°Cell A 2243 MCT 2 CLST AHlgte 29 d3g4
FE AT A3, 1NZE B¢ 2AT MCT Ak 29
G AASTE 8.089x 10°°PCAT 2AAZI0] Z718ke] wh
g} ZHadle A BYow, A o] AT
sl e 2 Wlslyt 2x gt ol#d A AISe)
Apol= Fig. 200 viEhd vie} o] 1417} FF 243 MCT
AlepE] =] w2 AriEze] o3 Aoltk. 1300°CAlA 4
A3 CLST AMlgelze 9= Wslyl ax] ggton), |
WAAG GA EHFE BolA] Ao, AAALY F
7holl we} 234 ZAsIHth 48 MCT 2 CLST A8t
w20l AMAAFE 7H2) 7.846~8.089(E 0.0846)x10°°/C,
8.772~8.845(+0.03763)x 10 °CATh. o|2) et WalZRE,
2N Z71EEE MCT A2t 29} CLST MEtels
9] £&E Aol FEA HY, AF FEE Fold 9
&zt fAA Zo ArtEE €5 EX A e
A Hh FAE 29 Ag Aol2RH, &2 £ 4
7R AulH oz AWAA ST 2L MCT %9 ¢
F8go], CLST o= 3] 288 2oz oy
=Hom, Table 19 el A} A o]et LR
Fig. 494 &R1E ¢ UXe|, 4FF AAVITARE +x
o] AlHolM = FA4AS o] CLST AlgtyLxt) e
g Zhed, ol 4 A Fof Fedle 933ol A
A frAEAo] Z7MAA et} 0 24 ko] Z7}
ol mat A5 AAITAE = AHY MCT ¥
CLST %ol Zgdles €382 A% 4238 o 4+ 9
ot &M Fig. 2014 891" AFY ArAISAE 7&
o Ao} dxef Frhe), Zh A5 e 28
o] A= lety FHAS 7 F7HEIATE 1300°CNA
06X 7 &A% A F 9ol o|EWES M B2 A
gEE #e 48 F AAJY, 7+ FHA Fo L=
g8 AV7y 7 ko H, ol g w2 FEA
S JeRIATE 1300°CoA 9AI7E AAFE HE2Y
AP EAE T2 A Ao, 3~6A17F 2ATE A
=¢} HiwsiA] & Wsle BEER Yot F
AT 32 AU Table 1914 31T 4= UKo,

i

l~>~ )

R B E

L WSS - UE

A Zke] F7hgkel| whel CLST Zo F&3le A3
2 A& FASHAT, oA AZFE AJH MCT 39
Fg3he &Sl A FUEIEeH FAAS e
Zastget.

utolZ 29 {AA AT FAAF HS 24, 2,
HAl, F7AA 5 A8 JHA] W s AR EHY, oF
T& Aty 2dMe 7 & o) EF Alolg] g
A o] wiio BASE SH o3 54l W
T ol gt} £ AelA ZF fHA) S 2He-st
= €389 FUtel w2t FAASF ;2 Aoy
Figs. 2¢} 394 & & %ol 38 g3t 729 ¥
sht Al 2%4e] B4, 39 59 ¥ #EER Yt
uwteta] MCT9} CLST Mg o]foizl HEFd AAL
71SAE F2o vlolagn Ay FHAeE AF
7= (extrinsic dielectric loss)®] FFHT}IE TH FH
£ (intrinsic dielectric loss)2 AA) 7= E=9 vi 23}
Agel o8l AR O fdA Fol Hgdle I8
g Zrle B2 W Af fAEde A E T
o] Bl23ATE ST EZN EFAAST e AaA
e Ao2 ekt ofejgt A= HE MCT Al
29} CLST Mgt 28] A3y AHAP|SAR 7329 Al
AN AT &2 §F 259 7 /A S &
3t g3l ofste J&Fe whown, 1300°ColA] 9AI7H
248 AN FHAS ZAZRE CLST Zo #&3
= ASEEYE MCT Fof F83hs &89 w3}
o o RIZEHA EFS & 4 ATt

_.4

4%

ru

MCTS} CLST MY 28 458 AASAE 122
Az 73S, FASTe 2N HElo] tiste) & 3
3tE HolR= #hoy, FAATE ddEEY, 7+ &
AA F74e] I Al AolR st AF F 7 3
Aol Zgshe E-8e) Wstel| JFTFE WUkt A
T e AHLEET SESFE, ZF {FAA S &Lt
= €889 AUt AA2gFE ZUINeH, MCT £
o #&ate GESEY W 9 & °é‘ FS Wit
1300°Coll A 6A17F &4 % AJHAA = =9 7}
A 2 E3go] #EE o, o]y 7}% T F4A
T e JERAUT. 1300°CAlA 9AIZE 23 Ao A
Folle MCT 3o =& 4&8go] A7tH AZE 7
AN FAE 724 A FHAFE AT

#Atel

B ATE @FAAFNATAY A7H APow 4
AU olell FA=FU T,
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