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Facts & Figures
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Fraunhofer Institute Ceramic Technologies and Systems (IKTS)

Facts and figures

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

... Nearly 800 employees
[

q 3 IKTS main sites (®)
H further external
H research groups (M)
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Fraunhofer Institute Ceramic Technologies and Systems (IKTS)

Business divisions

MATERIALS AND PROCESSES

MECHANICAL AND AUTOMOTIVE
ENGINEERING

ELECTRONICS AND
MICROSYSTEMS

ENERGY

SYSTEMS EXPERTISE

MATERIALS

DIAGNOSTICS
Reliability

Quiality assurance

MATERIALS
EXPERTISE

TECHNOLOGY
EXPERTISE

—
i
e

B Yo (B

ENVIRONMENTAL AND
PROCESS ENGINEERING

BIO- AND MEDICAL
TECHNOLOGY

MATERIALS AND PROCESS
ANALYSIS

NON-DESTRUCTIVE TESTING AND MONITORING
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Fraunhofer Institute Ceramic Technologies and Systems (IKTS)
Scientific focus topics - Energy

-~ I~ SN
Fuel cell technologies Material solutions for High-temperature batteries SOEC-Stacks for hydrogen
Li-ion batteries generation
Fuel cells and high- Top-down and bottom-up Cerenergy® - Na/NiCl, battery Prototype production of
temperature electrolysis cells — development of new active system for stationary storage. SOFC/SOEC stacks (capacity
development and test from materials. of 1-10 MW/year) with
component to system. mPower GmbH.
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Fraunhofer Institute Ceramic Technologies and Systems (IKTS)
Scientific focus topics - Environmental and Process Engineering

Air separation O, Recycling of valuables from Nano filtration Cavitation based
generator wastewater technologies
High-temperature oxygen Process chain to recycle water, Ceramic nano-filtration Sono-electrochemistry for the
separation with mixed- energy, and fertilizer from membranes with a separation removal of water

conducting ceramic food industry residues. limit of 200 Da. contaminants (pharmacy,
membranes. oestrogens, fertilizer)
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Fraunhofer Institute Ceramic Technologies and Systems (IKTS)
Scientific focus topics - Electronics/ Microsystem Technology

R

Sensors for extreme harsh LTCC-based RF- and Power electronics Photo-Image able pastes

environment mmWave packaging

Ceramic multilayer-technology High-frequency board for Ceramic solutions for power High resolution thick-films
based printed sensors for high 77 GHz radar for driving electronic packages: high (conductor lines, resistors,
temperature, aggressive assistance systems. performance, high T suited, glasses) for HF- and sensor-
chemical media etc. reliable applications.

]
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Automated ceramic tape handling
@ IKTS: punching & laser
structuring tool

‘.
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Department »Hybrid Microsystems«
Facts & Figures
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© Fraunhofer IKTS
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Department »Hybrid Microsystems«
Facts and figures

Dresden
nﬂ

State of Saxony

Hermsdorf State of Thuringia

ﬂ‘&

" Functional materials
“ Ceramic tapes

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

W 2 sites, 5 research groups

m 60 employees (scientists, graduates, technicians, PhD-students, student workers)
® Budget 2021 approx. 6.5 Mio. €
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Department »Hybrid Microsystems«
Head of department, heads of research groups

Dr.-Ing.
Uwe Partsch
Hybrid Microsystems

Dr. rer. nat. Dr.-Ing. Dipl.-Chem. Dr.-Ing. Dr.-Ing.

Arno L. Gorne Stefan Korner Beate Capraro Steffen Ziesche Lars Rebenklau
Functional Materials Thick-Film Technology Ceramic Tapes Microsystems, Systems Integration and
for Hybrid Microsystems and Functional Printing LTCC and HTCC Electronic Packaging
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Department »Hybrid Microsystems«
Ceramic thick-film and multilayer technology

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

" High reliability (CTE match to Si) B Industrial and power electronics
B Rough environment, high-T suited B Green energy, sensors
B High thermal conductivity B Automotive

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

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.«

SMD IC’'s IC's Outer conductor
components (e.q. flip chip) (e.g. bare dies)  (Ag, plated with Ni/Au or Ni/Pd/Au)

1st Layer

2 Layer. > g
31 | ayer— |
4t Layer /T
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Printed resistor Embedded
(RuO,) conductor (Aqg) vias (AQg)

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

® HF-/mmWave-suited (low eps, low loss)
B Functional integration (embedded passives)

Mobility (Automotive, Aerospace)
Mobile Communication (5G/6G, |oT)

Advanced Sensors
Health Care & Life Science

—
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Department »Hybrid Microsystems«
Value chain

Functional
characterization

Functional powder Technology

Functional semi-
unctional se development and

Component and

synthesis and
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processing

finished materials

systems design

scale up

Functional materials
HTCC, LTCC, ULTCC
Magneto-ceramics
Ferroelectrics

PTC, NTC

Varistors

Luminescent materials
Powder processing

® High energy milling

B Spray-, freeze-drying

Pastes/inks

B Solid/ binder mixing;
different dispersion
steps

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

Tapes
® Slurry development

B Slurry/ tape
characterization

Sputter targets

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

Component design

B FE-simulation (multi-
physics)

®  Circuit design (3D
routing)

Public information

MPrinting
B Mask based/digital
pStructuring

B Laser, yPunching,
UEmbossing

Lamination

Firing

B Air, N2, red., O-shrink
Surface polishing
Electronic packaging

®m Soldering, gluing
welding, bonding

and reliability

Functional films &
components

B Electrical

characterization
(R/|Z], TCR, tans, ¢, y,
breakdown voltage/
dielectric strength,
STOL, ...)

B Aging (thermal and

power cycling,
humidity aging)

Surface roughness

Imaging (thermal,
uCT, X-ray imaging)

Z Fraunhofer
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Department »Hybrid Microsystems«
Applications for ceramic thick-film and multilayer based components

3 £ g
2 2 2
: s :
© © N : (©)
‘ll.‘ﬂ
Ceramic PCB's Sensors Components Green energy
m Standard thick-film B Mechanical (p, F, a, level) B Multilayer integrated m Solar Cells (crystalline, HIT)
® Multilayer (ULTCC, LTCC, B Thermal (resistor type, passives (RLC), Multilayer M Fuel Cells (LPEMFC)
HTCC) thermocouples) varistors (MLV) M Li-Batteries (printed 3D-
B Power electronics (DCB, B Chemical (water) M Chip resistors electrodes, LLZO-separators
AMB) B Heaters M Electrode materials for Photo-
B Ceramic MEMS-packages Electro-Catalysis cells (PEC)

W LED-, laser diodes packages
W L TCC-based actuators

\
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Triple-Slot-Die casting machine
(backend) @ IKTS
tape casting center

.

i
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Materials for thick-film and multilayer technology

Synthesis of functional materials

Hard ferrites
Ba-/Co-based
Sr hexaferrites

Soft ferrites
NiZn-, MgCuZn-,
CuNiZn-, YGd-

wave
ferrites

CuMgMnZ
n-based

Magneto-
calorics
Lag 751 3Mn0O;

Insulators Sr,FeMoQs

Mg,SIO,,
LiMgPQ,,
CuZn titanates,
MgO, ZrO,

Other
Magnetics
NdFeB, Fe;0,

NTC, PTC
NiMn,0O,
NiMnCo oxide
BaTiO;

Interlayers
NasMnzr(PO,);
Nas;MgZr(PO,);

Dielectrics
TiO,, CaTiO;,

SrTiO;, BaTiO,
Phosphors

Eu:BAM
Ce:YAG

TR e Nitridosilicates

WC, Cu
Carbon black

Now also
printable inks!
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Materials for thick-film and multilayer technology
Passives integration in LTCC for satellite communication

y gL 3% 3 NN
il . o

-

©ohannes Schur

Material adaptation Screen printing Tape integration Circulator in LTCC
Substitution and addition of We process our own powder We also offer ferrite tapes Together with TU limenau, we
sintering aids lowers the into our pastes, so we adapt that can be laminated with prepared ferrite circulators
sintering temperature of our and control. This allows to LTCC tapes and co-sintered. with excellent high-frequency
ferrites (here pressed magnets preserve function after filling Interface reactivity and properties in LTCC.
shown) into the LTCC range cavities of a LTCC tape and thermal behavior were closely
of about 900°C. cofiring. controlled for these results.

=
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Materials for thick-film and multilayer technology
YAG phosphores: Hermeticly tight, luminescent ceramics for LEDs
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Fraunhofer project “HeraKLED": IKTS, IAF
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Materials for thick-film and multilayer technology
Thick-film paste system for AIN-ceramics

|
Klick for further information

Py

B Topic: Unique paste composition for AIN-Substrates _ -
(high thermal conductivity (180-200 W/m-K, CTE matches SERUS PIERISHANE S0 LG ol
FK 4027 encapsulation paste

Si) provided by IKTS (DIN/ISO 9000 certified) @ IKTS clean room (3-roll-mill) .
3 ' |

v
\
W

B Resistor paste series
B FK 96XX (RuO,), FK 99XX (AgPd)
B Metallization paste series
B FK 11XX/ 12XX (AgPd)
B FK 10XX (AgPt)
M Glass encapsulation and marker paste series
B FK 40XX

THICK-FILM COMPONENTS FOR
INDUSTRIAL APPLICATIONS

Z Fraunhofer

IKTS
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Materials for thick-film and multilayer technology
Photo-image able (PI) thick-film pastes

Klick for further information k

B Topic: new lithography-based technology for fine-line metallization
® Objectives:
B Improved printing resolution (<10um),
® Improved surface quality, new features: e.g. fencing
B Process: Screen printing — exposure — development — firing
B Materials: Ag, Au, Cu, glasses, LTCC

v

LTCC-PI
- Photo-imaging of thick-films
20um I/s, 30 ymvias  —_ ... 1B
----- [ | i Embedded RLC _
LTCC-Standard core :+—U-”— il§ 4 Embedded Pl films B Printing mask-based
75pm I/fs, 75 pm vias Thermal vias B Exposure LDI, spray developing
LTCC-PI = = = B Max. resolution <10 ym

20um /s, 30 ym vias

\

]
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Materials for thick-film and multilayer technology
Copper-SisN, joining technology for power electronics substrates

memms * BMWK = German Federal Ministry for Economic Affairs and Climate Protection

B Topic: Reliable and cost-effective AMB Si;N,-substrates e
for power electronics Yy Metallized AMB substrates

. . " (2) Sawed Si3N4-substrates
B Project partners: Infineon, PV-Crystalox, IKTS (3) nano-Ag sintering press

ST

Objectives:
B Wafer sawed SizN, -substrates from ingot
B Robust AMB-process
B Nano-Ag-sintering for IGBT assembling
B |KTS Department »Hybrid Microsystems«:
® Mechanical characterization of Cu-Si;N,joining

B Electrical characterization of Si;N, ceramics (PD
measurement)

® Assembly demonstrator circuit

]
Seite 22 11.04.2023 © Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de Public information % Frau n hOfer
IKTS



Materials for thick-film and multilayer technology
TPC LE - Reliability of thick-printed copper on alumina substrates

B Topic: Reliability of thick-printed copper metallisation

. DCB substrat
vs. DCB (thermal/ power cycling) substrate

Before /  after
B Project partners: Fraunhofer IISB, IKTS ; 50T cycle's‘ |

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

B IKTS Department » Hybrid Microsystems«
Thermal cycling
TPC substrate
B Temperatures: -40 ... +125 °C e arEr
B Cycle time <305 1000 T cycles

® Dwell time > 15 min (eete

N it

]
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Materials for thick-film and multilayer technology
Terahertz ceramic circuits

Klick for further information k

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

(1) Ultra fine line metallization
(2) Printed MMIC interconnections
Project partners: Fraunhofer IAF, IKTS (3) Stacked-patch array antenna

Objectives:

® Ultra fine line metallization technologies for
220/ 320 GHz

B Printed MMIC interconnections (up to 320 GHz)

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

B LTCC-package with
® MMIC
W Stacked patch antenna

B BGA connection to next packaging level

Z Fraunhofer

IKTS
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Summary

B [IKTS-Department “Hybrid Microsystems”

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

B Customer-specific solutions @ different topics
B Functional materials
B Functional semi-finished products
B Component and systems design
m

Technology development for components and
subsystems

W Scale up and functional characterization/ reliability

Contact resistance measurement

of (frontside Ag fingers on mc Si
solar cell @ IKTS lab)

o
IR

N/
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~ Fraunhofer

IKTS

Fraunhofer Institute for Ceramic
Technologies and Systems IKTS

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!




Ceramic thick-film and multilayer technology

Co-firing

B Compatibility of all embedded
materials (organic, functional)

®m Shrinkage (T-range/ -rates,
relative shrinkage)

B Chemical interactions

B Atmosphere/ micro-
atmosphere

m CTE

B Know-How
B Materials adaption
B Optimized processing
m Component design

Seite 27 11.04.2023

SMD IC's (e.q.
components flip chip)

IC's (e.g. Outer conductor
bare dies) (Ag, plated with
Ni/Au or Ni/Pd/

15t Layer
2nd Layer§ Xy
3rd Layer ;
4t Layer

Printed resistor Embedded Thermal

(RuO,) conductor (Ag)  vias (Aqg)

Tape [ Conduct or R L C
lines, vias

LTCC Ag, Cu, Metal- MnZn, BaTiOy/
AgPd, Au oxide/ Nizn, glass

glass NiCuzn/
glass
HTCC Pt, W, Mo - - -

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

Public information

Chemical interactions

log pO2 (atm)

o

-15

-20

-25

-30

-35

-40

Alumina sacrificial tape

silver

Rabe, T. et al: “Silver in
LTCC - Interfacial
Reactions, Transport
Processes and Influence
on Properties of
Ceramics”,

CICMT 2009, Denver.

TTwr [ T T ] T
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LTCC MEMS package
(acceleration sensor)

Ceramic thick-film and multilayer technology

: P
- g/

_—
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Ceramic thick-film and multilayer technology
Process flow thick-film technology

®m Sequential film printing, drying, firing (on fired substrate)

m Different functional pastes/inks

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

B Resistors — different decades (1 Ohm .. 1T MOhm/sq)

B Glass layers

B Type 1 -850 °C isolation, overcrossing

B Type 2 - 600 °C encapsulation

Seite 29 11.04.2023
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Volume shrinkage
(multilayer)
35-50 %

Public information

/1 [ ]
|
[ [ 1]
|
!—\!—#_\
H [ 1]

Laser trimming, assembling

’ conductor lines printing/drying \

’firirlwg

850°C

isolation printing/drying

’firir]g

850°C |

conductor lines printing/drying

firing

850 °C

resistors printing/drying

firing

850 °C

encapsulation printing/drying

firing

600 °C

© SIEGERT electronic.
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Introduction
LTCC-process flow

® Parallel structuring, film printing, drying ..., different
layers (on unfired tapes — thicknesses 50 um — 250 pm)

B Various embedded materials (printable pastes, inks)
B Conductors — Ag, AgPd, AgPt, Au, Cu
W Resistors — different decades (1 Ohm .. 100 kOhm/sq)
B Magneto-ceramics + capacitors for MLCC/ MLIP

B LTCC-materials properties

Dielectric constant g, @3 GHz 3-7
Loss tangent tand @ 3 GHz <0.001
Thermal expansion CTE/ ppm/K 4-7

Hermetic, no water absorption, high isolation resistance

Structuring vias, Filling vias Printing
cavities

Co-firing @ 850°C
Volume shrinkage

(multilayer)
35-50 %

Seite 30 11.04.2023 © Fraunhofer IKTS | uwe.partsch@ikts.fraunhofer.de Public information
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= padral

inner layer

e

De-binding,
co-firing

Printing, firing outer layers
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Ceramic thick-film and multilayer technology
LTCC 3D-functional integration

Electronic packages, ceramic PCB’s Embedded passives Ceramic PCB + nonelectric functions
W High density electronic packages W Filters (RC, RLC), R-networks, heaters :

_ - Free-standing structures for SMD-components

(automotive, aerospace, RF) ! 2 therm./mech. decoupling
;—H‘ﬂ
I r | e Wﬂ —
I I I I I | I
Diaphragms, cantilever Channels, chambers Embedded
— — sensitive
. . Embedded
W Sensors, actuators, hot plates B Sensors, micro-reactors, mixers, heat layer channel
exchanger

_.“.-_._-._.-—
- |_L| I ”‘”‘ - % Embedded diaphragm Embedded passives
[T1 I ||| I I T

]
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Ceramic thick-film and multilayer technology
Materials for ceramic 2- and 3D-substrates

Seite 32 11.04.2023
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Properties Ceramics{ glass-ceramics Isolated metal Polymer substrates
composites substrates substrates
Material Al,O, Si;N, AIN LTCC Steel Al Pl FR4
Post (TF)/co-firing (ML) +/+ +/- +/- +/+ +/- +/- -/- -/-
Tainter max [ C] 1600 1500 1400 900 900 600 260 120
CTE [107/K ] 75 31 34 30-70 125 231 270 300
Thermal conductivity [W/m-K] 20 110 200 4-6 25 235 1.2 0.2
Dielectric constant € 9.5 5.0 10.0 3-7 - - 3.5 5.0
Loss factor (-10-3) @10 MHz 0.3 4.5 2.0 0.1 - — 3.0 5.0
Cost factor approx. 1 <40 <40 10 4 1 0.5 0.25
=

~ Fraunhofer
IKTS



Ceramic thick-film and multilayer technology
2D/ 3D-printing technologies for functional film deposition

Screen-/stencil printing Ink-jet/ aerosol-jet printing Photo-imaging of thick-films

B Mask- based (pastes) B Digital, multi-material (5 inks) M Printing mask-based

® 2D/3D (tubular) m 2D/ 3D, NovaCentrix Pulse Forge W Exposure LDI, spray developing
B Max. resolution 25 pm B Max. resolution 10 ym B Max. resolution <10 ym

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

\
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Materials for thick-film and multilayer technology
Printing ceramic phosphors matrixes before hot forming

B Increasing use of press hardening of steel parts in = Developed traceability solution for continuous, individual, and cheap

automotives marking

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

m Startup Senodis offers full service and integration

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

page 34 4/11/2023 © Fraunhofer IKTS | arno.goerne@ikts.fraunhofer.de Public information

Industry. Information

Ceramic phosphor ink
Commercial inkjet printer inline, UV light for reading
Inert in process, no residues, can be painted over

\

' [e tQ o 0 =
SENOQ‘LE “ceracode Z FraunhofIETt;



Ceramic moisture sensor
(tubular printed)

Further information material

© Fraunhofer IKTS

]
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Department “Hybrid Microsystems”
Further research group information

Dr. rer. nat. Arno L. Gorne
Functional Materials for Hybrid

Dr.-Ing. Stefan Kérner
Thick-Film Technology and

Microsystems

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

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

Seite 36 11.04.2023

Functional Printing

B 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

B Advanced rheometry of
printable suspensions

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

Dipl.-Chem. Beate Capraro
Ceramic Tapes

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

B Application adapted solvent/
binder/ plasticizer systems

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

Public information

Dr.-Ing. Steffen Ziesche
Microsystems, LTCC and HTCC

Dr.-Ing. Lars Rebenklau
Systems Integration and

B [TCC and HTCC based
components and systems
(ceramic PCB, sensors,
mixing and micro-reactor
devices, packages,
actuators)

B Technology and process
development

B Component and multilayer
circuit design/ layout

Electronic Packaging

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

B Functional characterization
and reliability (pull/shear
force, IR, power cycling,
ESD, isolation resistance,
STOL, Ry, /TCR, T shock,
humidity, salt fog,
mechanical shock)
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LTCC TAPES ACCORDING TO
HERAEUS FORMULA

INDUSTRIAL SOLUTIONS

THICK-FILM COMPONENTS FOR TAPE CASTING

INDUSTRIAL APPLICATIONS

ique is predestined for
ramic tap or
layer comy
(LTCC) for

GmbH & re cast for customer projects at the extandad tape ca:
hofer IKTS in Hermsdor. As a result. these tapes ars
the usual quality for users.
Fraunhofer IKTS has long-standing exper

Fraunhofer institute for Ceramic
Technologies and systems TS

Michael-araday-strasce 1
07623 Hermsdart

contact
seata caprare

Phone +49 36601 9301-1022
este czprare@ikis raunhaferde

Keramische Substratwerkstoffe und maBgeschneiderte Pasten
und Tinten filr Leiterziige und Antennen

vkt fraunhofer.de

Catalogue Brochure White Paper Information sheet
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LTCC package of ighg 30 accierometer

Vit Sovel marufacturig of LTCCsemor

3D LTCC MEMS PACKAGE

T picturs of 3D LTCC package with visle
throughconnections
wree £

Robust, hermetically sealed. SMD-capa-
ble 30 MEMS package.

[

Fraunhofer nstitute for Ceramic
Technologies and systems IKTS

wintaroergzyrazze 20
01277 Dresden, Gemany

comact
o, sitien Zesche

Phone +49 351 25537875
flen.iescheis fraunhofer.de

wawww ks fraunhofer.de

MEMS) ned 3 platiorm n the zhape of 2
housing which has 1 comly. capending
an the type of the M=Ms, with differantre-
aurments

Stucuring of the LTCE multlayer ceramics
that abows the accelerstion measurement
sko i s-direction. Beride thiz requirement
the LTCC package should withstand acces
erations of up ©0 100,009 3. The developed
ceramie package fulil bath demand: e
cesdingly A hemetcally sesied encapsuis-
“on was realzed for thi kind of package.

30 LTCC package

o, ez s the cptimal

n the specis czze oF 3 high-g 3-asz seceh
erometer 3 nousing i requires, which res
izes the reviting and the free maving ssace
of the sensory clament n thrze directions.
‘These demands are snabled by he 3D

Sicon and th pozsiilty of ministurizstion
of the caramic multiayer material. With the
help of this technciogy the paralisl manu-
facturing on wafer levl ezmparable tn
semiconductor manufacturing & possibl.

Services offered

- Devsiapment of packagng sslutions far

CMOS. MEMS, MOEMS components
- Setup and tesing of piot sare:
- Reliaoiity testing of sensars

~ Fraunhofer

IKTS
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Wafer bosed fbriation of LTCC MEMS.

ceeerameter saresced by el

LTCC MEMS PACKAGING

Developing rabust, hermeticaly sealed.

Fraunhofer institute for Ceramic

In the fd

nclogy can be wsed (Figuse 2). With this
Zpesal 30 banding methed secricslcane
e o slicon chip: o cther sctis

1 that demand -

wo

treme requrements for both the zznzar
andis package. Especially in the industrial
and automative slecronics 25 well 2 i the
ares of cimate and environmental echnol-
gy, there e high expectztions on the
relabilty and obustness o the assembly

- wth line wickhs of
10 microns up to several millmeters and
inks of various metalization types the fech-
neingy can be ses in Seerent sk o
e

Services affared

pactagng giex 21 thezs
raquirements are fulfled by e LTCC
e

tachnology

- Deveiopment and construction of ingh-
vidual LTCC MEMS packages

01277 Dressen, Germany

«
Or. Seffen Zesche

thone +43 331 25337375
sicki

pre-series
TCC fabrication, ghuing exuipment,

of the LTCC matarial are the siican-
ataptes cooshient of thermal sxpansicn,

wirs zonding snd gl bonding, sercesl
printing technology)

wa - (glss bondng
the passiomy for miniaturaaton. Furher.  2nd gluing)
- Gon of the package:

more. emnoiogy

technologies Figure 1). For the use in high

for smscat S
‘gesmenres the novel serczsl prnting tach-

fihemal aging and thermal shock)

=

\
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1 Ikt printng o Ag ik amSiurter
2 inkjee printer DOD 300 St

3 Acromopriting of the figer grid of
e

4 ezl printr Optarmec 4D,

Fraunhofer Instituts for Ceramic
Technologies and Systems IKTS

Winerbergstias= 28
01277 Dresden, Germany

LAYER DEPOSITION

TECHNOLOGIES

The dapasition of funcions! fims vy
imgortant in many sctors of incusty, such
= migroslectonics, microsystems techno-
logy and sarer tachnclog

Equipment

The Gepartment of Hybris Micrcsystems can

Lnermouton  Loe thcknes

S30umas  eendngen

manufacturing and characterzaton of
sresn printing psts.

Fuhermere, compiss techriogy fne
forthe manufacturing of mico-ructured
fimsare aiibE, suchas

1. Asresad prnting snct

2.1kt printing tech-

rooges,

3. Screen printing (panar tbuiar) and

Services offered

Conact 4. Grawre printing as mask-bamd tech - Developmentand characterization af

D Stethen Zszcne neiages patefinks

Phone +49 351 25537875 These - o
ponents for microsys

25 rm and 100 4m

rilimzes.

= Fraunhofer
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=

1 LTEC EME darging unit
with 3 W ouputpower
2

LTCC PEMFC

[E—
3 Catvodeota afbresting
sewre

3 Aok fisw fd stretures

Dyl
5 LPEMIC charging unit with
1 Woutaitpowe:

Fraurhofer Institute for Ceramic
Technologies and Systems IKTS

Winterbergrirass 28
01277 Drescien, Germany

Contact

D Steffen Zische:
Phons +49 351 25537875

Mativation

Sarvices offered

Proton Exchangs Membrans Fusl Cae
PEMEC) 3 well suited for e sustaining

gy suppiy units Suchsystems have he
felowing scantage: n comparEn Wi

st battaries o sccumusTor:

- High energy densty (smal, g weight)
- Fastrecnanete
- No sefidscharging

- Development of customenspeched
PEMEC systers: using LTCC 35 3 system
piatform

- integration of energy conuerson, stonge,
DCDC-comersion

Ul characteristic of LTCGPEMFC

Low Temperature C; )

Dimiere)

noiog)
ighlyintograted caramic electioni pack-
ages. Furtnermare, TCC materisproper-
—

sl s J51E

microsystem technology.In additon t the.
enchosed electical funcions 30 stures
= rtagrated which ean sther b ussd for
e Tranport of iuds o for reaizing other
mechanicalfunctons, Regarding the neces-
sary sl poavar o high derey en-

gy sourcesin
02 LTCC tachniagy s ited i 2 pecal

o,
650 700 150 30 750 30
Simaser?]

Information sheet Information sheet
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1 Muttipl print panel presare
2 Asembled pressue transmities
3 Buinch LTCE ubstote.

LTCC BASED PIEZO-RESISTIVE
PRESSURE SENSORS

Fraunhofer Institute for Caramic
Technologies and Systems IKTS

Winterbergeirass 28
01277 Drescen, Germany

Phone +43 351 25537675
steffen sexhedikss raunhofer de

ks fraunhoferde

Mativation

7CC fow temperature co-fred caramics) s
s forthe impiementaton of Fghy e
gated ceramic prnted ciraut boards. Add-
sonay, thras s

“They must be materal and process compat-
e for the appication in LTC C muliiayer
Systems. Suitable Lyers forsiain messure-
mens e piezo ressthe thick fims. The
haracrerstcs of thick-fim resstors can

sements (daphragms, chambers, chanmet)
anbeimpemented by the extendt use
of LTCC tape technology. Stain sensiive.
ansmiter layers can be inexpensively
manutacrires by sresn prnting teetnis

Characteristic curves of sersors for

G substrate. Fve differe 10Ksar
pastes were characterized (Reay, TCR,
Kiacias, N, XRD, EDX, TMA) and optimized
regarcing their compatibity to ITCC

The autcome of the tests was a pstewith
roper characteristics slectad for the sen-
sorappiiction. Using frite sementsimuia-
the membrane

Information sheet
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10 place the resiiors were found. Sersors
for ifferant pressure ranges wer fabri
<ated and characterized. With their good
Bneariy, low hysteress (1abis} andllong-
serm sttty thess senss incrests e
funconatty of (TCC mutiayers.

material
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Bouble D LTCC miniture i (9 4rvmi for

theintegration anto s turbocherger spesd

r comporent.
Betail o polshed aross sction trough
ier coil embedded i LTCE it high
sspect 0 1 pose).
Brined il el o LTCC wigh el
wounding distance of the pinted ol of

LTCC-BASED INDUCTORS FOR
EDDY CURRENT SENSORS

£day current sensors are sensitve 10 slecti-
cal condiuctive materials and comptsly
comactiess. when this pinciske is mple-
mentad a5 sensors they can detect path,

enhanced which reduces the ntemal re-
sstance as well. Thus, the inductiiy and
the hmic resistance achievs an obvious

optimization tha resuls in significantim-

e o it Meas-  provements of the inductars” quaity facior

i ot (e it Tt wremantzin bighly compared o e

o poss-  bedded asintered
ble. metalizstion sspect et of more than ane
The mutisyer

Fraunhofer institute for Caramic
Technologies and Systems TS

Winterdergeirasse 28
01277 Dresden

Germany

conact

Staffen Zesche

Phene +4 351 25537875

tfen sezens @i fraunhoter s

worveikis.fraunhofer.de

optiml platform for the flecble ntegration
of edéy curent measuring inductars with
vy zma Sasignz. LTCC mukisyer printed
and embedided induciors can be used in
very raugh emviranmentz and under opers-
o Temperatures up o 350 °C. The coi &
typicllylocated n the head of the sensor.
2 erucial slament for e performance & the
qualty factor of the embeaded coil. Due to
the use of navel LTCC manufacturing pro-
cestes (sausloped 3t Fraunhofer ITS) the
iateral wounding Gstance of the printec
colls can be reduced ta 25 pm. The meali-
2ation thickness can

ceary from pros art
The developed LTCC-based inductors are
inzened 2.9, in turbocharger speed zznsar:
for messuring of turbothargers speed for
passenger cars and trucks The maszure-
ment and control of urbochargers speed
provides the key enabling technology for
the aptml reguistion of sifiow it the
engina and therefore to improve the fusl
economy and reducton of engine emis-
o, DUs to the compact consructizn f
the inductors, the high quatty factor and
relssilty 2 well 2 the innavatve design

Information sheet
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sensor systems.

LC base miniturizec force serrs for
thees force canges

Fabriction in e panek: 5 sencors
perd inchsubstrate

LOW-COST LTCC-BASED

MINIATURIZED

CTpictursaf s 10 osd el in s sactisnst

Fraunhafer Institute for Ceramic

Motivation

The multiayer technology LTCE (ow tem-

Characteristcs
Nominal
oz 7.

LOAD CELLS

v 5w wow

s e for
highty integrated caramic printed creuit
Doard:. The propersy to inegrats three-
imensions siructures, i inesr materisl
benasior and the fabiication i mutiple
panels ows for 3 ost-affecive manuac:
turing eombined with high zancisity snd
neariy.

nesults

Winterbergetraze 20
01277 Dresden, Germany

conact
or. seffen ziesche
Phons +49 351 25537875

The fabricsted sznzzr modules werk s
cording 1o the piezo-esisive messuring
pinsiple. Deformable cantilevers combined

Gveroad in
b
[e—
in )
Linssity
Linsrs

e senitiie)
in s
Materal
s

applications

<08 <04 <t

002 003 ooz

<5 @xencor
(et 1000 pieces)

Y
with strain sensitve ransmter apers.
Oifferent force rangez £, (2 4, 5

ang 10 %) were designed and fabricated

‘W kts.fraunofer.da

tajout. The following
capable characterisics wers messured

Information sheet
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- Test and assambling equipment

- Haptc sysems

1 €D designa crmpera
turesansorin MTCC mtisper

Fraurhofer Institute for Ceramic
Technologies and Systems IKTS

Winterbergsirasse 28
01277 Dresden, Germany

Contact
D Steffen Zissche
Phane +49 351 25537875

steffengexhe@ikss raunhofecde

wwikts raunhoferds

T-SENSORS IN THICK-FILM AND
MULTILAYER TECHNOLOGY

Mativation

‘Services offered

Onemain information conceming to

- Davaiopmant of pastes with igh
-

of restance

s thex temperatuse. Often 5 necessary ©
sors, Becausz ot

(ICR) for temperature messurements on

5 re3s0n compact and imegratabie
sohaion 3re exantisl One poesity of
tampaature massuemantare FTCR

(postue temparature cosfhent resciord)

Thick-fim and multiayer techrology are
Wwellsited for the manufacturing of these.
Firs with ricknesses betwaen 2 and

00 1m ofome

- Devaiopment and manufacturing of

temperature snsars o fferent sub-
St (AL, AN, SIN,, YST) 3nd i
1TCC snd HTCE muiayer echosiogy

- Characteraation and catbrationof

temperature sensars (T =-20..1200°C)

Charscteristic curve of 3 HTCC

/10 e,

Wit the help of mch tachrciagies o

‘geneous, hemetic

perature sermrs can be developad. The
possitie messwrement range isp 1o
0C.
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