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PURPOSE OF THE
PRESENTATION

Introduction to LTCC Technology:
General aspects
Sensor applications

Fabrication techniques for sensors:
Major problems encountered
Methods for structuring
Methods for reducing deformation

Fabricated sensors:
Completed devices
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AN OVERVIEW

And recently for …
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INTRODUCTION:
LTCC MATERIALS 
SYSTEM Introduction Fabrication Devices
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ADVANTAGES OF LTCC 
FOR SENSOR
APPLICATIONS

ADVANTAGES OF LTCC 
FOR SENSOR
APPLICATIONS

Chemical / thermal 
stability

Machinability of tapes

Cost effective

High density packaging

Hermeticity

Mechanical and electrical
functions in one system

Introduction Fabrication Devices
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Introduction Fabrication Devices

FABRICATION: 
DEFINITION OF
PROBLEMS I

Sagging in cavities
Unsupported cavity is deformed
during:

Lamination (lamination stress)
Sintering (over Tg)

Delamination / Disintegration
Occurs due to:

Poor lamination
Geometrical constraints
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Introduction Fabrication Devices

FABRICATION: 
DEFINITION OF
PROBLEMS II

Deformation of co-fired bo-
dies (warpage, etc…) due to
differential shrinkage

As a result of:

1. rapid sintering
2. higher extent of shrinkage

of thick-film components com-
pared to LTCC
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Introduction Fabrication Devices

SOLUTIONS
DEVELOPED I
(for 3-D)

METHODS FOR STRUCTURING 

Utilization of temporary sacrifi-
cial layers, which are screen-
printed & laminated with LTCC
to fabricate « sag-free & well-
integrated »

- micro-fluidic channels,
- cavities such as membranes,
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SOLUTIONS
DEVELOPED II
(for flatness) Introduction Fabrication Devices

METHODS FOR REDUCING
« DIFFERENTIAL SHRINKAGE-
RELATED » DEFORMATION 

Modifying commercial thick-
film components by selected
additives to

- shrinkage match paste with
LTCC,
- reduce the overall shrinkage
of the paste,
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Introduction Fabrication Devices
1. INCLINATION 
SENSOR

LTCC: an excellent substrate for hot-spot application (λ~2-3 W/m.K)

PRINCIPLE

Detection of heat loss from the
PTC resistor to the surroundings
(bubble surface / liquid)
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INCLINATION 
SENSOR:
RESULTS Introduction Fabrication Devices



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

2. MILLINEWTON
FORCE SENSOR:
MOTIVATION

LTCC: an excellent substrate for force sensing

Maximum signal, (∆R/R)

Maximum strain, ε (∆l/l)

Maximum stress, σmax

εLTCC / εAl2O3 up to ~70 times theoretically

Introduction Fabrication Devices
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Introduction Fabrication Devices

MILLINEWTON
FORCE SENSOR:
FABRICATION

CUTTING & LAYOUT CO-FIRING

MEASUREMENT SET-UP
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MILLINEWTON
FORCE SENSOR:
RESULTS Introduction Fabrication Devices
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Introduction Fabrication Devices

3. MICRO-FLUIDIC 
SENSOR (Pressure
or heat conductivity)

LTCC + sacrificial layers: an effective & smart packaging approach
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Introduction Fabrication Devices

MICRO-FLUIDIC 
SENSOR:
STRUCTURES

Using the graphite-based sac-
rificial paste, membranes pro-
duced with

thickness: of 40µm
diameter: 7,10, 15, 18mm
spacing: (10-100µm)

Final membrane features 
dependent on graphite powder
and LTCC properties

PTC free-hanging bridge on LTCC

14mm-diameter-membrane with PTC resistors
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CONCLUSIONS

LTCC Technology has been 
efficiently used for fabrication 
of sensor & micro-fluidic devi-
ces such as:

Structuration & fabrication 
is basically limited by:

Low sintering temperature,
High packaging density,
Thermal & chemical stability
Integrability with thick-films

inclination, millinewton force, 
pressure sensors & micro-
fluidics

the methods used for 
structuring and the materials
compatibility issues 

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


