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Wire bond equipment 
@ IKTS lab (Au thin wire)
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Fraunhofer Institute Ceramic Technologies and Systems (IKTS)

11.04.2023Seite 4

Facts and figures

Service provider for applied 
research on the field of high-
performance ceramic materials 
and technologies

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Nearly 800 employees

3 IKTS main sites ()
further external 
research groups () 
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Fraunhofer Institute Ceramic Technologies and Systems (IKTS)
Business divisions

MATERIALS AND PROCESSES

MECHANICAL AND AUTOMOTIVE 
ENGINEERING

ELECTRONICS AND   
MICROSYSTEMS

ENERGY
MATERIALS AND PROCESS  
ANALYSIS

WATER

BIO- AND MEDICAL     
TECHNOLOGY

ENVIRONMENTAL AND 
PROCESS ENGINEERING

SYSTEMS EXPERTISE

TECHNOLOGY 
EXPERTISE

MATERIALS 
EXPERTISE

NON-DESTRUCTIVE TESTING AND MONITORING

MATERIALS 
DIAGNOSTICS

Reliability
Quality assurance

11.04.2023Seite 5 © Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de



Public information

Fuel cell technologies

—
Fuel cells and high-
temperature electrolysis cells –
development and test from 
component to system.

Material solutions for 
Li-ion batteries
—
Top-down and bottom-up 
development of new active 
materials.

High-temperature batteries

—
Cerenergy® - Na/NiCl2 battery 
system for stationary storage. 

SOEC-Stacks for hydrogen 
generation
—
Prototype production of 
SOFC/SOEC stacks (capacity 
of 1-10 MW/year) with 
mPower GmbH.

11.04.2023Seite 6 © Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Fraunhofer Institute Ceramic Technologies and Systems (IKTS)
Scientific focus topics - Energy
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Air separation O2

generator
—
High-temperature oxygen 
separation with mixed-
conducting ceramic 
membranes.

Recycling of valuables from 
wastewater
—
Process chain to recycle water, 
energy, and fertilizer from 
food industry residues.

Nano filtration

—
Ceramic nano-filtration 
membranes with a separation 
limit of 200 Da.

Cavitation based 
technologies
—
Sono-electrochemistry for the 
removal of water 
contaminants (pharmacy, 
oestrogens, fertilizer)

11.04.2023Seite 7 © Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Fraunhofer Institute Ceramic Technologies and Systems (IKTS)
Scientific focus topics - Environmental and Process Engineering 
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Sensors for extreme harsh 
environment
—
Ceramic multilayer-technology 
based printed sensors for high 
temperature, aggressive 
chemical media etc.

Power electronics

—
Ceramic solutions for power 
electronic packages: high 
performance, high T suited, 
reliable

Photo-Image able pastes 

—
High resolution thick-films 
(conductor lines, resistors, 
glasses) for HF- and sensor-
applications. 

11.04.2023Seite 8 © Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Fraunhofer Institute Ceramic Technologies and Systems (IKTS)
Scientific focus topics - Electronics/ Microsystem Technology

LTCC-based RF- and 
mmWave packaging
—
High-frequency board for 
77 GHz radar for driving 
assistance systems.
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Department »Hybrid Microsystems«

Facts & Figures
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Automated ceramic tape handling 
@ IKTS: punching & laser 

structuring tool
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 Functional materials
 Ceramic tapes

 Thick-film technology and functional printing
 Microsystems, LTCC and HTCC 
 Systems integration and electronic packaging

Hermsdorf

Dresden

State of Saxony

State of Thuringia

Department »Hybrid Microsystems«

11.04.2023Seite 10

Facts and figures

 2 sites, 5 research groups

 60 employees (scientists, graduates, technicians, PhD-students, student workers)

 Budget 2021 approx. 6.5 Mio. €

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de
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Dr.-Ing. 
Uwe Partsch
Hybrid Microsystems

11.04.2023Seite 11 © Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Department »Hybrid Microsystems«
Head of department, heads of research groups

Dipl.-Chem. 
Beate Capraro
Ceramic Tapes

Dr. rer. nat. 
Arno L. Görne
Functional Materials 
for Hybrid Microsystems

Dr.-Ing. 
Stefan Körner
Thick-Film Technology 
and Functional Printing

Dr.-Ing. 
Lars Rebenklau
Systems Integration and 
Electronic Packaging

Dr.-Ing. 
Steffen Ziesche
Microsystems, 
LTCC and HTCC
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Bond pad 
(Au)

Chip Wire 
bond

Dielectric
Resistor MLCC Solder 

connection

Ceramic substrate Conductor (AgPd)

Department »Hybrid Microsystems«
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Ceramic thick-film and multilayer technology

 High reliability (CTE match to Si) 

 Rough environment, high-T suited 

 High thermal conductivity 
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 Industrial and power electronics
 Green energy, sensors
 Automotive

Industries

Thick-film based hybrid circuits: »Electronic modules consisting of different components, materials and manufacturing 
technologies, integrated on a sintered ceramic substrate.« 



Public information

Ceramic Multilayers: »Succession of (different) ceramic or glass-ceramic layers which are differently structured, printed 
with functional layers, subsequently pressed (laminated) and co-sintered below 1000°C.« 

Printed resistor
(RuO2)

Embedded 
conductor (Ag)

Thermal 
vias (Ag)  

1st Layer
2nd Layer
3rd Layer
4th Layer 

SMD 
components

IC’s
(e.g. bare dies)

IC’s
(e.g. flip chip)

Outer conductor   
(Ag, plated with Ni/Au or Ni/Pd/Au)

Department »Hybrid Microsystems«
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Ceramic thick-film and multilayer technology

 High reliability (harsh environment + high-T suited, 
CTE match to Si) 

 HF-/mmWave-suited (low eps, low loss)

 Functional integration (embedded passives)
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 Mobility (Automotive, Aerospace)
 Mobile Communication (5G/6G, IoT)
 Advanced Sensors
 Health Care & Life Science

Industries
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Functional materials

 HTCC, LTCC, ULTCC

 Magneto-ceramics

 Ferroelectrics

 PTC, NTC

 Varistors 

 Luminescent materials

Powder processing

 High energy milling

 Spray-, freeze-drying

Pastes/inks

 Solid/ binder mixing; 
different dispersion 
steps

 Paste/ ink 
characterization 
(rheology, PSD, sinter 
behavior)

Tapes

 Slurry development 

 Slurry/ tape 
characterization

Sputter targets

μPrinting

 Mask based/digital

μStructuring

 Laser, μPunching, 
μEmbossing

Lamination

Firing

 Air, N2, red., 0-shrink

Surface polishing

Electronic packaging

 Soldering, gluing 
welding, bonding

Functional films & 
components

 Electrical 
characterization 
(R/ |Z|, TCR, tan, , μ, 
breakdown voltage/ 
dielectric strength, 
STOL, …)

 Aging (thermal and 
power cycling, 
humidity aging)

 Surface roughness

 Imaging (thermal, 
μCT, X-ray imaging)

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Department »Hybrid Microsystems«
Value chain

Component design
 FE-simulation (multi-

physics)

 Circuit design (3D 
routing)

Functional powder 
synthesis and 

processing

Functional semi-
finished materials

Component and 
systems design

Technology 
development and 

scale up

Functional 
characterization 
and reliability
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Ceramic PCB’s
—
 Standard thick-film
Multilayer (ULTCC, LTCC, 

HTCC)
 Power electronics (DCB, 

AMB)

Sensors
—
Mechanical (p, F, a, level)
 Thermal (resistor type, 

thermocouples)
 Chemical (water)

Components
—
Multilayer integrated 

passives (RLC), Multilayer 
varistors (MLV)

 Chip resistors
 Heaters
 Ceramic MEMS-packages
 LED-, laser diodes packages
 LTCC-based actuators

Green energy
—
 Solar Cells (crystalline, HJT)
 Fuel Cells (μPEMFC)
 Li-Batteries (printed 3D-

electrodes, LLZO-separators
 Electrode materials for Photo-

Electro-Catalysis cells (PEC)

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Department »Hybrid Microsystems«
Applications for ceramic thick-film and multilayer based components
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Materials for TF- and ML-Technology
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Triple-Slot-Die casting machine 
(backend) @ IKTS 
tape casting center
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Soft ferrites
NiZn-, MgCuZn-,
CuNiZn-, YGd-

based

Hard ferrites
Ba-/Co-based
Sr hexaferrites

Micro-
wave 

ferrites
CuMgMnZ

n-basedOther 
Magnetics

NdFeB, Fe3O4

Dielectrics
TiO2, CaTiO3, 
SrTiO3, BaTiO3

Magneto-
calorics

La0.7Sr0.3MnO3
Sr2FeMoO6Insulators

Mg2SiO4, 
LiMgPO4, 

CuZn titanates, 
MgO, ZrO2

Innovatives
WC, Cu

Carbon black

Now also 
printable inks!

Interlayers
Na3MnZr(PO4)3
Na3MgZr(PO4)3

NTC, PTC
NiMn2O4

NiMnCo oxide
BaTiO3

Phosphors
Eu:BAM
Ce:YAG

Nitridosilicates

Materials for thick-film and multilayer technology

4/11/2023 © Fraunhofer IKTS | arno.goerne@ikts.fraunhofer.depage 17

Synthesis of functional materials
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Material adaptation

Substitution and addition of 
sintering aids lowers the 
sintering temperature of our 
ferrites (here pressed magnets 
shown) into the LTCC range 
of about 900°C.

Screen printing

We process our own powder 
into our pastes, so we adapt 
and control. This allows to 
preserve function after filling 
cavities of a LTCC tape and 
cofiring.

Tape integration

We also offer ferrite tapes 
that can be laminated with 
LTCC tapes and co-sintered. 
Interface reactivity and 
thermal behavior were closely 
controlled for these results.

Circulator in LTCC 

Together with TU Ilmenau, we 
prepared ferrite circulators 
with excellent high-frequency 
properties in LTCC. 

Materials for thick-film and multilayer technology

4/11/2023 © Fraunhofer IKTS | arno.goerne@ikts.fraunhofer.depage 18

Passives integration in LTCC for satellite communication
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HeraKLED

Fraunhofer project “HeraKLED”: IKTS, IAF 
and IZM.

(I. Kinski, M. Fries, M. Arnold, Scale-up and optimization of 
ceramic phosphors for special applications, Fraunhofer IKTS 
Annual Report 2016/17, p. 57.)

Materials for thick-film and multilayer technology

4/11/2023 © Fraunhofer IKTS | arno.goerne@ikts.fraunhofer.depage 19

YAG phosphores: Hermeticly tight, luminescent ceramics for LEDs
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Materials for thick-film and multilayer technology

Paste production: 30 kg batch 
FK 4027 encapsulation paste 

@ IKTS clean room (3-roll-mill)

Thick-film paste system for AlN-ceramics

 Topic: Unique paste composition for AlN-Substrates 
(high thermal conductivity (180-200 W/mK, CTE matches 
Si) provided by IKTS (DIN/ISO 9000 certified)

 Resistor paste series 

 FK 96XX (RuO2), FK 99XX (AgPd)

 Metallization paste series 

 FK 11XX/ 12XX (AgPd)

 FK 10XX (AgPt)

 Glass encapsulation and marker paste series 

 FK 40XX

Klick for further information

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de
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LTCC-Standard core 
75μm l/s, 75 μm vias

Materials for thick-film and multilayer technology

11.04.2023Seite 21

Photo-image able (PI) thick-film pastes 

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Photo-imaging of thick-films
—
 Printing mask-based
 Exposure LDI, spray developing 
 Max. resolution <10 μm 

Embedded RLC
Embedded PI films
Thermal vias

LTCC-PI
20μm l/s, 30 μm vias

LTCC-PI 
20μm l/s, 30 μm vias

Klick for further information

 Topic: new lithography-based technology for fine-line metallization

 Objectives:

 Improved printing resolution (<10μm), 

 Improved surface quality, new features: e.g. fencing

 Process: Screen printing – exposure – development – firing

 Materials: Ag, Au, Cu, glasses, LTCC
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Materials for thick-film and multilayer technology

11.04.2023Seite 22

Copper-Si3N4 joining technology for power electronics substrates

 Topic: Reliable and cost-effective AMB Si3N4-substrates 
for power electronics

 Project partners: Infineon, PV-Crystalox, IKTS 

 Objectives: 

 Wafer sawed Si3N4 -substrates from ingot

 Robust AMB-process

 Nano-Ag-sintering for IGBT assembling

 IKTS Department »Hybrid Microsystems«: 

 Mechanical characterization of Cu-Si3N4 joining

 Electrical characterization of Si3N4 ceramics (PD 
measurement)

 Assembly demonstrator circuit

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de
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* BMWK = German Federal Ministry for Economic Affairs and Climate Protection

(1) Metallized AMB substrates 
(2) Sawed Si3N4-substrates
(3) nano-Ag sintering press
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Materials for thick-film and multilayer technology

11.04.2023 © Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.deSeite 23

TPC LE - Reliability of thick-printed copper on alumina substrates

 Topic: Reliability of thick-printed copper metallisation 
vs. DCB (thermal/ power cycling)

 Project partners: Fraunhofer IISB, IKTS

 Objectives: Reliability comparison between DCB-, 
AMB- and TPC-metallized ceramic circuits for power 
applications

 IKTS Department » Hybrid Microsystems«  
Thermal cycling

 Temperatures: -40 … +125 °C

 Cycle time < 30 s

 Dwell time > 15 min

TPC substrate
Before     /      after 

1000 T cycles

DCB substrate
Before     /      after 

50 T cycles
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Materials for thick-film and multilayer technology

11.04.2023Seite 24

Terahertz ceramic circuits

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

 Topic: Terahertz ceramic circuits for ultra-wideband 240 
GHz sensing and communications

 Project partners: Fraunhofer IAF, IKTS

 Objectives: 

 Ultra fine line metallization technologies for 
220/ 320 GHz

 Printed MMIC interconnections (up to 320 GHz)

 140 GHz aperture-coupled stacked-patch array 
antenna in package

 LTCC-package with

 MMIC

 Stacked patch antenna

 BGA connection to next packaging level

(1) Ultra fine line metallization 
(2) Printed MMIC interconnections 
(3) Stacked-patch array antenna

Klick for further information
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Summary
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 IKTS-Department “Hybrid Microsystems“

 Covers the whole value chain of ceramic thick-film and 
multilayer technology

 Customer-specific solutions @ different topics 

 Functional materials

 Functional semi-finished products

 Component and systems design 

 Technology development for components and 
subsystems 

 Scale up and functional characterization/ reliability

Contact resistance measurement 
of (frontside Ag fingers on mc Si 

solar cell @ IKTS lab)
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Contact
—
Dr. Uwe Partsch
Head of department: 
Hybrid Microsystems

Phone +49 351 2553-7696
uwe.partsch@ikts.fraunhofer.de
www.ikts.fraunhofer.de

Thank you for your attention!
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 Compatibility of all embedded 
materials (organic, functional)

 Shrinkage (T-range/ -rates, 
relative shrinkage)

 Chemical interactions

 Atmosphere/ micro-
atmosphere

 CTE

 Know-How

 Materials adaption

 Optimized processing

 Component design

Ceramic thick-film and multilayer technology

11.04.2023Seite 27

Co-firing

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Chemical interactions

Micro- atmosphere

Rabe, T. et al: “Silver in 
LTCC – Interfacial 
Reactions, Transport 
Processes and Influence 
on Properties of 
Ceramics“, 
CICMT 2009, Denver.

CLRConduct or
lines, vias

Tape

BaTiO3/ 
glass

MnZn, 
NiZn, 

NiCuZn/ 
glass

Metal-
oxide/ 
glass

Ag, Cu, 
AgPd, Au 

LTCC

---Pt, W, MoHTCC

Printed resistor
(RuO2)

Embedded 
conductor (Ag)

Thermal 
vias (Ag)  

1st Layer
2nd Layer
3rd Layer
4th Layer 

SMD 
components

IC’s (e.g. 
bare dies)

IC’s (e.g. 
flip chip)

Outer conductor   
(Ag, plated with 
Ni/Au or Ni/Pd/ 
Au)
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Ceramic thick-film and multilayer technology 
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LTCC MEMS package
(acceleration sensor) 
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Ceramic thick-film and multilayer technology

11.04.2023Seite 29

Process flow thick-film technology

 Sequential film printing, drying, firing (on fired substrate)

 Different functional pastes/inks

 Metallization – Ag, AgPd, AgPt, Au, Pt, Cu (contact 
pads, conductor lines; solder able, plate able, bond able)

 Resistors – different decades (1 Ohm .. 1 MOhm/sq)

 Glass layers 

 Type 1 – 850 °C isolation, overcrossing

 Type 2 – 600 °C encapsulation

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

conductor lines printing/drying

Laser trimming, assembling

encapsulation printing/drying

isolation printing/drying

conductor lines printing/drying

firing 850 °C

firing 850 °C

firing 850 °C

firing 850 °C

firing 600 °C

resistors printing/drying
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Volume shrinkage
(multilayer) 

35–50 %

Volume shrinkage
(multilayer) 

35–50 %
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Co-firing @ 850°C

Volume shrinkage
(multilayer) 

35–50 %

Co-firing @ 850°C

Volume shrinkage
(multilayer) 

35–50 %

Structuring vias, 
cavities

Filling vias Printing 
inner layer

LaminationDe-binding, 
co-firing

Printing, firing outer layers

Introduction

11.04.2023Seite 30

LTCC-process flow   

 Parallel structuring, film printing, drying … , different 
layers (on unfired tapes – thicknesses 50 μm – 250 μm)

 Various embedded materials (printable pastes, inks)

 Conductors – Ag, AgPd, AgPt, Au, Cu 

 Resistors – different decades (1 Ohm .. 100 kOhm/sq)

 Magneto-ceramics + capacitors for MLCC/ MLIP

 LTCC-materials properties

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de
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3-7r @ 3 GHzDielectric constant

<0.001tan@ 3 GHzLoss tangent

4-7CTE/ ppm/KThermal expansion

Hermetic, no water absorption, high isolation resistance

Klick for further information
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Channels, chambers
—
 Sensors, micro-reactors, mixers, heat 

exchanger 

Diaphragms, cantilever
—
 Sensors, actuators, hot plates

Ceramic PCB + nonelectric functions
—

Electronic packages, ceramic PCB’s
—
 High density electronic packages 

(automotive, aerospace, RF) 

Ceramic thick-film and multilayer technology

11.04.2023Seite 31

LTCC 3D-functional integration

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Embedded passives 
—
 Filters (RC, RLC), R-networks, heaters

SMD-components

Embedded passives

Free-standing structures for 
therm./mech. decoupling

Embedded diaphragm

Embedded
sensitive 
layer Embedded

channel
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Ceramic thick-film and multilayer technology

11.04.2023Seite 32

Materials for ceramic 2- and 3D-substrates

Polymer substratesIsolated metal 
substrates

Ceramics/ glass-ceramics 
composites substrates

Properties

FR4PlAlSteelLTCCAINSi3N4AI2O3Material

-/--/-+/-+/-+/++/-+/-+/+Post (TF)/co-firing (ML)

120260600900900140015001600Tsinter max [°C]

30027023112530–70343175CTE [10-7/K ]

0.21.2235254-620011020Thermal conductivity [W/mK]

5.03.5––3–710.05.09.5Dielectric constant  rel

5.03.0––0.12.04.50.3Loss factor (·10-3) @10 MHz

0.250.51410< 40< 401Cost factor approx.

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de
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Ceramic thick-film and multilayer technology

11.04.2023Seite 33

2D/ 3D-printing technologies for functional film deposition

© Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

Customized paste/ink formulations for different printing technologies available @ IKTS
 Adaption of solids (functionality, sintering behavior – PSD, specific surface) 
 Adaption binder system (type, viscous behavior, wetting, printing and burn out behavior)

Screen-/stencil printing
—
 Mask- based (pastes)
 2D/3D (tubular)
 Max. resolution 25 μm

Ink-jet/ aerosol-jet printing
—
 Digital, multi-material (5 inks) 
 2D/ 3D, NovaCentrix Pulse Forge
 Max. resolution 10 μm

Photo-imaging of thick-films
—
 Printing mask-based
 Exposure LDI, spray developing 
 Max. resolution <10 μm 
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 Increasing use of press hardening of steel parts in 
automotives

 Individual marking of parts tricky due to high 
temperatures, oiliness of steel sheets

 Startup Senodis offers full service and integration

 Upcoming developments: detection of heat 
treatment for 100 % monitoring

Materials for thick-film and multilayer technology

4/11/2023 © Fraunhofer IKTS | arno.goerne@ikts.fraunhofer.depage 34

Printing ceramic phosphors matrixes before hot forming

 Developed traceability solution for continuous, individual, and cheap 
marking
 Ceramic phosphor ink
 Commercial inkjet printer inline, UV light for reading
 Inert in process, no residues, can be painted over
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Further information material

11.04.2023Seite 35 © Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de

©
 F

ra
un

ho
fe

r 
IK

TS

Ceramic moisture sensor 
(tubular printed)
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Department “Hybrid Microsystems”
Further research group information

Dr. rer. nat. Arno L. Görne

Functional Materials for Hybrid 
Microsystems

 Synthesis of functional 
ceramic materials (LTCC, 
ULTCC; magneto-ceramics, 
ferroelectrics, non-linear 
resistors (PTC, NTC), 
luminescent materials)

 Powder processing (high 
energy milling, spray tower, 
freeze drying)

Dr.-Ing. Stefan Körner

Thick-Film Technology and 
Functional Printing

 Functional pastes and inks, 
customized (conductors, 
TFR’s, glasses, heaters, 
sensors, LTCC …) adapted 
to different ceramics, LTCC, 
steel, different alloys, low T 
… high T firing, photo 
image-able; printing 
technologies

 Advanced rheometry of 
printable suspensions

Dipl.-Chem. Beate Capraro

Ceramic Tapes

 Functional tapes (HTCC, 
LTCC, ULTCC, metal, piezo, 
magnetic, glass, Li-battery 
electrodes, transparent) 

 Application adapted solvent/ 
binder/ plasticizer systems

 7 casting machines, doctor 
blade (DB), DB on roll, slot-
die and triple slot-die casting

Dr.-Ing. Steffen Ziesche

Microsystems, LTCC and HTCC

 LTCC and HTCC based 
components and systems 
(ceramic PCB, sensors, 
mixing and micro-reactor 
devices, packages, 
actuators)

 Technology and process 
development

 Component and multilayer 
circuit design/ layout

Dr.-Ing. Lars Rebenklau

Systems Integration and
Electronic Packaging

 Packaging technologies –
wire bonding (thin, heavy, 
ribbon), welding, reflow/ 
selective soldering, Ag nano 
sintering

 Functional characterization 
and reliability (pull/shear 
force, IR, power cycling, 
ESD, isolation resistance, 
STOL, Rsqr/TCR, T shock, 
humidity, salt fog, 
mechanical shock)
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