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PURPOSE OF THE
PRESENTATION

Introduction to LTCC Technology:
General aspects 

Materials compatibility issues:
Chemical issues
Physical issues*
Reliability issues for devices

Ensuring reliability:
Modification of commercial pastes
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AN OVERVIEW

Application areas of LTCC technology have diversified
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INTRODUCTION:
LTCC MATERIALS 
SYSTEM Introduction Compatibility Modification



CICC-4 Hansu BIROL October 23-26, 2005 –CHINA

ADVANTAGES OF 
LTCC TECHNOLOGY Introduction Compatibility Modification

Excellent dielectric properties for high frequencies

Ease of machinability of tapes

Cost effective

High density packaging

Excellent chemical / thermal stability

Hermeticity of the structures

Mechanical and electrical functions in one system
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MATERIALS
COMPATIBILITY

CHEMICAL ISSUES
Related to materials interaction
during co-firing:

Pronounced over Tg*
Enhanced by concentration   

gradient of certain species in 
different components 

* Glass in LTCC softens over Tg, 
wets the ceramic fillers, fills the
interparticle-regions & rearran-
ges them

Introduction Compatibility Modification
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PHYSICAL ISSUES
Arises from the difference in
thermo-mechanical properties
of co-fired components & de-
gassing.

They are mostly observed as
warpage, curling due to:

1. early sintering
2. higher extent of shrinkage

of thick-film components com-
pared to LTCC

Introduction Compatibility Modification
MATERIALS
COMPATIBILITY
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MOTIVATION

RELIABILITY OF DEVICES 

Motivation of the study is driv-
en by fabrication of millinew-
ton force sensor* (MFS).

* The beam of the MFS, where
the piezoresistors pastes are 
screen-printed and the force is
applied must be be flat & war-
page-free following co-firing

Introduction Compatibility Modification

Figure of merit: h
Limitation: warpage
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ENSURING 
RELIABILITY

MODIFICATION OF PASTES 

With the objective of reducing
warpage in the co-fired modu-
le of LTCC+thick-film compo-
nents by:

Matching the shrinkage rate & 
extent of commercial conduc-
tors with LTCC

Introduction Compatibility Modification
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Introduction Compatibility Modification

MODIFYING 
PASTES USING 
ADDITIVES
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Introduction Compatibility Modification

RESULTS I
SHRINKAGE
MATCH

The (onset) sintering tempera-
ture of the conductor has been
shifted up to that of LTCC
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Introduction Compatibility Modification
RESULTS II
MICROSTRUCTURE
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Introduction Compatibility Modification

RESULTS III
ELECTRICAL PROP.
& DEVICE  
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CONCLUSIONS

For increased reliability, ma-
terials incompatibility issues 
must be well-controlled:

Differential shrinkage of com-
ponents are shown to be matc-
hed efficiently, avoiding warpa-
ge, curling, etc…by:

The effect of modification has 
been verified to be close to ex-
pected values of PTC resistors

chemical interaction & 
thermo-mechanical differen-
ces between materials

mixing the commercial con-
ductors with selected additi-
ves

favors the application of the
technology in multi-discipli-
nary areas very soon


