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Abstract Herein, we report on the co-firing of a low-K wiring substrate and a middle-K functional substrate
in LTCC. Firstly, we researched the sintering behavior and dielectric properties of the low-k wiring substrate
comprised by alumina and glass frit with &, of 6~7 and the middle-k functional substrate comprised by
Bas;Nb,Oy5 and glass frit with £, of 20~30. The warpage and delamination between the hetero layers of the
low-K and the middle-K composition were also studied. In particular, physical matching of the hetero layers
could be possible by adjusting of the sintering properties of the composition. We observed that an introduction
of the glass frit to the low- and middle-K substrate gives rise to a minimization of an effect given by separation
of the hetero layers, and modification of the fraction of the glass frit accompanied by a variation of the
composition could control the sintering behavior and its beginning temperature. In the case of co-firing of the
L03 as the low-K wiring substrate composition and the M03 as the middle-K functional substrate composition
at 875°C, we could fabricate a desirable structure of hetero layers without any kinds of structural defects such
as separation, warpage, delamination, pore trap, etc. We suppose that the co-firing techniques described in this
study would provide a helpful method to fabricate a LTCC multi-functional for the next generation.
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Fig. 1. The structure of advanced future LTCC module.
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Fig. 2. Various defects on bonding of hetero LTCC material
system.

olgist FAFAE 7543 7% Hlo]Z e} A7
& W71 S glo| g 3| A3l FAILA S
3% Fig. 2o vepd upe} oA 71A] FAE°]
T AAE olFAR T HF 758 xold 9
(warpage)® ®B}](delamination) #-Jo|t}, HEFEE A
017} 1-2% H=RE AA HAE F % o9 ol e
WA Bt 35580 2o dE sE7Fel gt
A o|FAF 7hl M2 47 A FH(constraint sintering)
dafo] LA Hol AFEo] BAD] Fhske AR
=, J_EH shAl "t ] m""‘: o|FAE 7] FetA A
Ag 2 Qe Hagte #AS A
=3 FHA 7“’4 ’B}EE% ol EA7F . dA
DupontS HE3 2E MHAA FHE 6~8 /\}O]O] 2
A},,] HH}\-}7]J}— Z/HJ,]- %ﬂx—] 5}61-24 o= qu] = 7‘(;1

20~40 AtelQl 7154 7B S A SEF 9
Aot Al E/‘]E] = glom, AAAIR SR o]
722 LTCC B JolA sAAaAdo] 7Hedtal =8
3etA Ar|Few wAHE A, &, ZHAE 74
ZA9) A3 AFsheo] Bus] o] Folx 1 Yk
B Ao 38 6~9 g Afde widr)d
ANzt 48 20~30 YA FHAE 7154 719 A
& LTCC A X9 875°C FUF =AM A

7ol

s

l

'é‘
o)
9
Zj

A

F

g7 B 7K ARIE AASL 53 oleld Bge
A £3 Uepde olzARd o, ¥ Et vk 59
PASE A AT & A @

2. dF oY

AfAg ANE W E/548 715A 718 A8 A
LENAAE 95t o)d Age Ga] ZE A4S A
Atk &8 24 AlEYolEel SciGlass (V3.5,
Scivision, USA)*‘ olgsld fEle A7|H BHE dF

sl AA Axd fE Wlﬂ B8 vuiAste &
A4S B8 AL ol ¥ §i0,-B,0:-ALOA 3
718 24& Adsaint. Tﬂ]‘ﬂ]i Si0,, B,O3 ¥ ALO;
o] gtol 929 ool A AL o] FAdel et &
Zre] BER AEEEA Ca0 ¥ ZnOE A4t 1 &
F 2 shge WA

Si0,-B,05-ALO;-RO (RO: Ca0, ZnO)Al F21& A=
71 el ELEHER Si0, H3BOs AlLO; CaCOs
(99%, Junsei Chem. Co., Japan), ZnO (99.9%, High
Purity Chem. Co., Japan)S AM&-3st &-&F A ¢
3 W@ YA 2~ ~3 um Hojol A eirAdL &7 By
S AzAT. FEle] Hol(Ty, A3 (T) ¥ E€4%

Ag T2 83 A& dEtEWH (Tokyo Dilatronic,
Japan)g o]Q_—g,—}o:] Zz4 g].o:l o:q %1—15}\49_ 1;]/\_& t‘iﬂ
HZ {282 7F2% 5 1 MHzolA LCR meter (HP4284A,
Hewlett-Packard, USA)E ©]-8-3lo] &4 319

Afdg w7 HE BAES dFRuet SRS 7
74 718g EAE BasNbOys Ak 2ol 27

3 8i0,-B,0;-A1,0;-ROA 8 ZIE H7AE 5~50
wt.% F7Fetact. gurEd Algte F48S AAH 10 mm
252 AJHE AT 5 800~950°C 2= HHMA 2
AlZE Fek Adsle AEAR] AdEAg B {RASAES ¥
7vataAh

S, ARdE WA RS SadE 7158 719 Al
B2 39glslr] §skd vinyl A4 wpeld (B73225,
Ferro, USA)E AMg-38le 9 Egol=gos 1d 4

ES Azagd. $93E AFAAe /R ARE 4
4y 2 42990, 438 08 4o Wlze

ZJ- T~
o] 83te] 400°Ce] 2=lX & vy FAHE A% &



LTCCE A&

LTCC HA L%l 800~950°Ce] WY A LA o
FTAE 2 HAss B, &, 9y 59 A%e &
IR A=

RS
T

7154 715 A5
AlF 2 fFEe L0,
= (alkah oxide, R,0)9 H7}=
IS ] Hj A Oh— GANER AFE (alkali earth oxide,
ROREE: #7Fsied **7%]6'}91 71" o2 Si0,, B,0;,
ALO:E F2AOE 33 o7]9] Ca0, ZnO7F 4F %
st Aol Table 1ole AXFALGE S8t 4
AR f8 e Eeld/A714 548 Y

AF

[
33'
iﬂiﬂi

R T FAl2y

— 2t (a)
X 20 A———-A———A— =A
= sl 00" 0—0—B8=
o 7 v}
2 46l v
© /D AV
x4 v
J= e
—
E n2r 4 X P /
@ o} _o A —o—o
S sf = v —0— 103
o o/ Y —A— 104
— I3 [u] v/v
T Aol —V— L08
1 [} [ L
800 850 900 950

Sintering temperature [°C]

733

S F8 AHe EgF EAS B, Yx9
AHA g 2.2~ 23g/cm3-°4 HeE vellich €9
AT (Orraoec)®] AF 2.8~3.1X10°ppm/°C Akl 2]
A= 2A=R e SFulyg 7] EAAF(7.0X10°
OETt B deEe ABAAFGEAX10°0)} A
3 AFAE JeRRACE FE9) Mol F (T 614~684°C
o] W9, fale AFH(THS 701-755°Ce] Bz o
ABnem, f2 HE 5 Ca09 o] F71EE H99
Aol H (T A (TYe) F7hske AL & & duk &
2 AlHe] A7)F BAE AHEY 5 0lFe] e 4
&3 02% "IRre] e FAEA ghol Aoz

Fig. 3(a), b)oll= GAlBl2 fe ZEEd =z &
Fuluzt 30 w.% H7HE Ao 2FEAE e
E]F. ‘ITE] 7]EZH 3 Ca07} u}n_ G06 Tl‘a] I EE

oM,
> o

-
oo © L)
Q o (=1

Relative density [%]

<D
(=]

1 L 1 '
800 850 900 950

Sintering temperature [°C]

Fig. 3. The effect of glass composition on the temperature dependence of the sintering behaviors and microstructures when 30
wt.% of alumina filler added. (a) linear shrinkage, (b) relative density, (c) GO3 sintered at 825°C, and (b) G04 sintered at 875°C.

Table 1. Physical and electrical properties of the glass additives for wiring and functional substrates used in this work.

GO0 GO! GO2 GO3 G04 GO5 G06

Chemical ~ CaO [wt%] 0.00 0.88 1.76 2.65 3.55 445 5.36
composition 7,0y [w%] 7.59 635 5.10 3.84 257 1.29 0.00
Density [g/cm’] 227 226 2.25 2.25 224 2.23 2.23

Physical Oranc [10°7°C] 2.8 29 3.0 3.0 3.0 3.1 3.1
properties  Glass transition point (T,) [°C] 614 622 625 637 650 664 684
Glass softening point (T,) [°C] 701 709 710 710 727 737 755

Dielectric ' Permittivity 40 4.1 4.1 42 42 4.3 43
properties  *Dielectric loss (%) [@MHz] 0.21 0.16 0.13 0.06 0.07 0.14 0.15

:‘Permittivity and *tan & (%) were measured using a LCR meter at | MHz (4284A, Hewlett-Packard, USA).
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Table 2. Sintering behaviors and dielectric properties of the typical wiring substrates sintered at various temperature.

Sintering properties

Dielectric properties

Sample code . thimum . Linear shrinkage Relative Density Permittivity Dielectric loss (%)
sintering temp. [°C] [%] [%] [@MHz] [@MHz]
825 184 99.2 54 0.07
LO3 850 18.5 99.3 5.1 0.06
875 18.4 99.3 5.1 0.06
875 19.0 98.7 53 0.14
L04 925 19.0 99.4 53 0.06
950 19.3 99.6 54 0.05
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Fig. 4. The linear shrinkage and the microstructure of the
BasNb,O,5 ceramics with 15 wt.% GO03 glass.
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Table 3. Sintering behaviors and dielectric properties of various LTCC tapes investigated for co-firing.

Sample Optimum Linear shrinkage Relative Density ~ Permittivity Dielectric loss Q-value
code sintering temp. [°C} [%] [%] [@MHz] (%) [@MHz] [@MHZz]
LO1 18.2/18.3/18.6 0.22 99.9 5.59 0.047 2100
L03 17.4/17.1/17.3 0.25 98.8 6.63 0.045 2200
L04 16.8/15.9/17.3 0.06 99.4 6.60 0.028 3600
MO02 17.7/17.9/15.9 0.27 95.3 24.83 0.244 410(Qxf=8300GHz)"
MO03 16.5/17.1/12.0 0.15 97.5 2343 0.310 320(Qxf=2000GHz)"

*Quality factor (Qxf) were measured using a network anatyzer in the frequency range of 12~16 GHz.
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Fig. 5. The dilatometric shrinkage curves of various LTCC
tapes investigated for co-firing.
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Fig. 6. Optical microscopic and SEM image of the co-fired LTCC tapes.
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