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Abstract: Among LTCC material for substrate, the crystallized anorthite system was mainly studied as
high strength material. However, specific factors that have affected on strength of material were studied
insufficiently on anorthite system. In this study, the composition of anorthite glass was Ca-Al-Si-Zn-0.
The changes of phase and microstructure were observed with the amount and the particle size of glass
and the sintering temperature. It was studied that the factors affected on the strength of material. Phases
of anorthite and ZnAl:O; were formed with the increase of sintering temperature. The Al:O; phase was
increased with Al:O; amount, acted as filler, and the strength of material is increased with Al:O; phase.
But phases of anorthite and ZnAl:Q, didn’t affect on the strength of material. In the case of 60 vol%
glass amounts and below 3.2 im of glass particle size, the strength of material was decreased. It is

thought that the decrease of strength was due to non-homogeneous mixing between glass powder and
filler.
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1.M 28 A3 3 Ao [3]. oled AA AFEo] FuiA

o] Z3EHAN FH 7 HFEFEC] 8TEHA

Low temperature co-fired ceramics (LTCC)& 2 it} 53], Algte £F Fo| LTCC 7|89 A%
HZo] 7tesdta, ¥ AFS 717 Agy Cu A3 ESo] ny 3 o wel 22 AF HeH} viag
FA2AA T F 7] "WiEe] 71H AEEMN Bol A o] WAHUA 7|Hd $2o] Fvsle A T3 ¥

Ao [12]. olEFA717Iek Fo 7hed@ AR = 9dE AT g 4] 28y 7]Ee A7 H o
7171¢] g2 A A2 BFES A 2¥sh, 1 & LTCCx frAgeld F2 Asst 22 74 54
o g B2 A7 ZIAsg RuIAW, E2F
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LTCC ZA] FAA 422 HAHdAM 2A3 sHe &=
AEo]l 1= 54 el Aoz 2 234
o [78]. 2 FolA anorthitet & ZAA33= LTCC
27 3= SA4& Jehls Aol A Ao
2 43 Ao [910]. Az 249 BEE A
ZtA o] 7 8wk opel mlA e oM E @e
dFge =g oYt nAFRE 98 A%, 22
S5 9 AF FH T " ¥z £ Ao
(11,12]. z28ju o} 742 LTCC 989 SA4% 2=
o] @Al og A= vju g Ao,

¥ Ao M= attrition millE o] &3t glass?
HEE Aojatdrt. AlxE Glasst ALO; fillerg &
3l tape casting FHOE sheetE A &3
Glass®] 43 4= wiso] upe} Alz=g AlHe] 04
T o] WstE #Fs ol F8 LTCC &A
o] Zxel n = FEe z2AstaAt o)

2. MFH Wy

Q8= Ca-Al-Si-0A49 glass powder?t ALO;
powder (AES-23, Sumitomo Co. Ltd., Japan)& A}-&
a9t} Glass powder= 20 9] zirconia balls ©] &
ato] Ao &4 k9o, 10 ¢9] zirconia ball
& o83t 24713t F¢t ethanold |VZ F4 &
Hste] Axsdh. AlZE glass powders attrition
mill (ATM-6407, Daewha tech Co. Ltd., Korea)%
ol &stgde 5 2 zirconia ballS o]&3te] 450
pm¥} 600 rpme] %57 ethanolS Bujz Ble] &
A EHezA dA 27|E Ao

w4 ¥ glass powderet &5 vt powders 4]
(Sn-9228, San Nopco Co. Ltd., Japan)®} toluene
(99.5%, Daejung chemical and metal Co. Ltd.,
Korea)# ethanol (99.5%, Daejung chemical and
metals Co. Ltd.,, Korea)2 6 : 42 4& &v|E o] &
dto] 24417 3t ST ol E A A &g
o vl (Polyvinyl butyral, BM-SZ, Sekisui,
Japan)¢}  7}&A  (Dibutyl phthalate, Daejung
chemical and metals Co. Ltd., Korea)Z % 7}3lo] 24
AL B¢ EFEG. dolA e UM Fot
A&0F do|F 3 F 20 m/ming £5Z 50 mo)
AlEZ tape AB3AT aUANEE HZFsx Ze
ISO 14704¢] HAE 7|1Eo2 AES AFFAC. A

—
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Fig. 1 The particle size of glass powder with rpm by
attrition mill.
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3 AMELS 500Cx=A 1417 E<F burn-outdt it
242 80T 90C7HA 5 C/mineg &3 F
1582 FA5tn 293,

Powder®] particle size'= U=#47] (Masterizer
S, Malvern, USA)E o]&3lo =R 3-4 F
AEE s AE7] (4202, Instron, USA)E o] &3}
ZAs . 4o A X-A 3AZX (MO3XHF,
MAC Science Co. Ltd., Japan)Z o] &3l on] u]4
T2+ FAHAAANZ (JSM 6700F, JEOL, Japan)<
o] g3lo] A}

3. d3 ¥ 2@

2% 12 attrition mill?] £ E0) W& glass 4%

o] WM3ls Jeldl Aot EHE A $L glass
powdere= Dg°] 32 me <JY=EE Yehhded,

monomodal FES] YEFEES ERSIT 13417
&< 450 rpmo 2 W33 7§, glass powders Ds
o] 22 mm% Yol # 20 monomodal FEe] YEEE
€ YERHATE 600 rpmoll A 13417 Fek B3 A
+, Dy 16 m2 EAEJAT YEEE7 bimodal
o] & YUY 2 £52 BYE & 4,
T4 £8L &7k AT 4 27)el £ npano 7]
o] Yol HAHA Ao #£4€ nano 2719 ¢
AL F47F Ao ulgl £ 28&S dYolEg
A =Hol A% EE7} bimodal FEE YehA @}
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Fig. 2. Phases with glass amounts and sintering
temperature. sintered at (a) 850C and (b) 900°C.

[13]. Yvr8 o2 tape castingdl AH&5 1+ powder®l
A7|E 1-5 m 27]2] powderge]l #ol AlgdEd. A
AHoz A77F AT 10 m o142 powder7t
22 450 rpm2.& Y3 powder?} tape casting ¥
Ao ALE37]o) At Bz,

a9 2= glass? U= FFo W AAT=9

Wss yehd  adold. e & X-ray
diffraction pattern ol 5 peakd AdAHA
intensity® 7FX 32 vlasA. 2ELE7 80T

a3 2a)e] A$E B9 anorthite, ALO; 2 ZnALO4
A=o] A=At Fillerdd ALOs= frEle] =49
Si0s, Ca0 2 AlLO:9 ¥Hg-3AA anorthite S 3

Asact [14]. Glasse ol F7hge e
anorthite A< 718t ALOse| ¥ #4d w4,

ZnAlO;8] A& dAAen glassE XA IHEEA
o2+ A9 FeHA st 22 E7F W00T
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Fig. 3. Microstructure with glass amounts and sintering
temperature. sintered at 8507C; (a) 60 vol%, (b) 70 vol%,
sintered at 900T (c) 60 vol% and (d) 70 vol%.
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Fig. 4. 3-P strength variation with with glass amounts
and sintering temperature; sintered at; (a) 850C and (b)
900°C.
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o] F7hgtel uwhe} AlOse] $Heko] ZHA8lal anorthite
Ae F7hetAY. 24 2%7F 900C A%, 850Tel
18] ZnALO; &< F7Fsla AlLQy Aol ZH4asts A
£ A F AN oRE 2F &7} FUHE
w2t filler?!  ALOs7b  glasse]l  ZnO9}  ukg-3o]
ZnAlO; A& A4, wel ALOS AL
&dtE Aoz BAX. A% anorthite A& 22
< &7t F7tsid et 4] ¥iE A9 gl

a9 32 glass® Y=t o wE wgtzx W
318 vehd ot 24EE7}F 80T oAl A,

T FeA FRF 2Ao] o|Fojx W w4
S Yelhydd £33 A5 A4S nA 5 9
= 2 78 EASHA ¥%ov olF T FAo|
] At H R o]FoR RAog g,
H 47 glass®] Y% FEo wE 38 FA®
o] W3lE el adgoltt 2ZFL2%7l 80T ol
o] A%, glass® #Fol F71%el wet F=rt g
e AL & F A ol AL glass Wl EA3=
filler® AHE¥ ALOs4o] cracke] #3tE golzo
W BAEE Z7HA7)E Ao Bzt [15). o] y
3 AZAXE7F 900CY 28 4b)dAde AAHo=R
AE7t B g2 2 F g oRE Fd
glass® ALO;7} WHg-3te] ZnALO.o “do] AMA =W
A ALOsROl #AF wet Zxe AFE A
Aoz AzZtd, o] AFNZRE ZnALORS 5
Aol 4&8g nAA @i, ALOOl ZBEd B 9
FE vAEs Ao B £ AU Glass? §ol
60 vol%, Y%7F 3.2 me] Aol thE 3 i
8l A7t 2A "=l ol filler (Ds=1.5/m)
of Hl3] glass YAFEol AA EFe] FUAe] Fr
2] R& A=t AsEHE Aoz woxg [16,
17]. 38, glass #o] AjHeoz @ 65 70 vol%
o] 4, glass® ¥eo] 718l wel glass?} fillers}
Eo] Z olFolA Q=9 dagle] WK AEE
BHel HAog yodc)

=

M

B
AL

4. 4 E

A% e M= Anorthite] glassE ©] &3 glass/ALO;
composite LTCC Aol A glasse] &k v 9 42
S5 Yiste] o A3 m A txe] WHElE #EAs o]
Eo] Zko vX= Jg dolugith 48 A s
I 2 AEs 4o

1. %7k Z7btol wa} anorthite A3 ZnALO,%Ho]
Aol HAEE AL A%

2. Glass®] o] F7+gol el ALOyEel 7434
ov 1 A ZAx 728 8, anorthite
¢ ZnALOy/dS 25 SAd 4F¢E vAA &=
Ao g dordr),

. Glass® %o] 60 vol% ol3t 4 AS w7t =7}
FHoll met Zx7t Zastgden, o] 2L fillerol ]
3 glasse| Ywrt Foan o] 83 #dst
A dojya] & Fo] Yooz w, wahA
glass®] graFol F7ighel we)l FHE3 E¢E o ¢
Fo] g Fxe Ha= FolE Aoz Adgc)

4. Glass® ##o] 60%°)1 YE7F 22 mYd o, 280
MPa o449 & 2% &2 Jehyud.
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