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Abstract
Future power electronic devices with high power density and reduced chip area need robust encapsulation materials

with increased thermal conductivity and temperature stability. Especially for new SiC and GaN semiconductor tech-
nology, operating temperatures above 200 °C can increase the potential of future power electronics. This paper intro-
duces a novel uniquely processed cement-ceramic composite material for electronic packaging, containing a calcium
aluminate cement (CAC) matrix and high amounts of alumina fillers. In-situ µ-XRD²-DTA, where X-ray diffraction
patterns and DTA traces can be monitored simultaneously, was applied to investigate the dehydration behavior of this
composite between room temperature and 300 °C for the first time. The results reveal the high potential of using in-
situ µ-XRD²-DTA for measurements on cement-ceramic composites. The observed microstructure evolution shows
micro-crack formation and increased porosity above 210 °C, which can be correlated with the dehydration of gibb-
site and katoite. At this stage, the novel cement-ceramic encapsulation material already enables miniaturized passive
electronic components. Further consequences for electronic packaging of semiconductors and correlations to state-
of-the-art encapsulation materials are discussed.
Keywords: Cement-ceramic encapsulation, CAC, processing, dehydration, electronic packaging

I. Introduction
With increasing power density and reduced chip area,
power electronics need robust and thermally conductive
encapsulation.Especially for futurepower electronics, ap-
plication temperatures up to nearly 300 °C, enhanced life-
time, reliability, robustness and integration are major is-
sues in current research work 1 – 4.
Typical encapsulationmaterials like silicone gels or filled
epoxy resins show limited thermal conductivity, higher
thermal expansion and need special processing conditions
for proper gap filling and workability. In addition, epoxy
resins generally have a glass transition temperature (Tg)
within the operating temperature regime, which leads to
degradation and crack formation. Due to their high co-
efficient of thermal expansion (CTE), CTE-mismatches
within the electronicpackage can cause thermomechanical
stress and limited reliability, especially in power electronic
applications. Furthermore, most epoxy resins are not sta-
ble beyond 180 – 200 °C. First investigations revealed that
µm-scaled cement-ceramic composites, specially cured at
temperatures between 60 and 80 °C, show great promise
for better thermal and processing properties in contrast

* Corresponding author: stefan.kaessner@de.bosch.com

to filled epoxy resins or silicone gels. Table 1 exemplarily
illustrates selected properties of a commercially available
silicone gel and filled epoxy resin for electronic potting,
compared to the developed cement-ceramic encapsulant.
It clarifies the advantages of the novel self-flowing encap-
sulant, such as high thermal conductivity and processing
inwhich specific temperature or pressure is not needed for
the encapsulation process.

The cement-ceramic encapsulation material is similar to
refractoryconcretewithcalciumaluminatecement (CAC)
as the hydraulic binder phase. However, those concretes
are sintered at high temperatures to create a mechanically
stable binding, while the developed encapsulant is treated
at temperatures below 100 °C. Furthermore, the grain size
of alumina is typically below 50 µm, which puts this new
encapsulant close to nano-concrete from treated Portland
cement and sand. With consideration of all of these as-
pects, the presented material rather resembles a uniquely
processed cement-ceramic composite, in which the grain
boundary phase has been replaced by the set hydraulic
phase, similar to cast stone. Thus, it can be described as
a hybrid type of composite and is named ‘CAC ceramic
composite’ (CCC).
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Table 1: Selectedmaterial andprocessing properties of a commercially available filled epoxy resin and silicone gel (data from
technical data sheets), compared to the developed cement-ceramic encapsulant.

Filled Epoxy Resina Silicone Gelb Cement-
Ceramic Encapsulantc

Thermal expansion [ppm/K] 8/38 (> 135 °C) 1000 4 – 12

Glass transition [°C] 135 - -

Thermal conductivity
[W/(mK)]

1 0.17 > 5

Volume resistivity [Ohm cm] 1011 1015 108

Processing Transfer molding 175 – 180
°C, 70 – 120 x 105 Pa

Room
temperature and vacuum

Room
temperature (± vacuum)

a Sumitomo Bakelite, Sumikon EME-G770HE, b Momentive, TSE 3062, c Laboratory data (Robert Bosch GmbH)

The developed CCC addresses all important aspects due
to the intrinsic properties, such as the high thermal con-
ductivity above 5 W/(mK) and better workability at am-
bient conditions. The CCC consists of an iron-free calci-
um aluminate cement (CAC) matrix and alumina, which
acts as the ceramic filler. In contrast to conventional or-
ganic encapsulants, this material hardens via a cement hy-
dration reaction.Calciumaluminate cement usually forms
metastable phases, which convert to stable phases under
volume change.Mechanical instability is the result and the
use of CAC for building constructions has not been al-
lowed since 1962 in Germany 5 – 11.
Owing to the specific hardening above 60 °C, the devel-
oped CAC ceramic composite overcomes these problems
and forms directly stable hydrate phases that do not show
any conversion reactions. The finally hardened CCC acts
then as a non-deformable encapsulation material for any
type of electronic.
CAC in combination with alumina is mainly used for
refractories and part of according research work 12 – 16. In
contrast to CCC, the hydrated CAC is sintered during
the application as refractory material to obtain a ceramic
bonding. Applications where CAC are not sintered at the
end are generally not present in the ceramic or refractory
research field.CACismostlyused for special applications,
cement chemistry and for repairwork, besides refractories
due to its fast setting, chemical and thermal resistance 17.
Unlike CCC, the material composition of a composite-
containing CAC and common concrete additives is very
different in respect of particle sizes, chemical composition
or amount of feedstock and hydration conditions.
As pointed out, the type of CAC ceramic composite
(CCC) introduced in this paper represents a new encap-
sulation material for electronic packaging. In order to un-
derstand phase reactions and thermal behavior, the CCC
was investigated to determine itsmicrostructural features,
phase evolution during dehydration and the correspond-
ing change in porosity for the first time. Especially due to
the variety of different results ondehydrationofCAChy-
drate phases, the results are of significant importance.
To analyze the microstructure, SEM with advanced
preparation techniques were applied and porosity was
measured with mercury intrusion porosimetry (MIP).
Thedehydrationbehaviorof theCCCwasanalyzedwitha

newmethodof connectingDTAandXRD in in-situmon-
itoring called ‘in-situ µ-XRD2-DTA’ 18, which helped to
understand thematerial duringprocessing and application
at temperatures up to 300 °C. XRD quantitative analysis
with two different methods was used to obtain proper
phase contents.
The chemical compositions cited in this paper arewritten
in accordance with CAS notation where C = CaO, A =
Al2O3 andH =H2O.

II. Experimental Procedure
For all investigations on CCC, alumina and CAC raw
materials were dry mixed in a ratio of 4:1 (wt%). In a
second step, de-ionized water (water to cement ratio of
0.55), a dispersant and a defoaming agent were homoge-
nized with the prepared rawmaterials in a vacuum-stirrer
at 300 rpm to achieve a castable slurry. Finally, the slurry
hardened in a closed 10-mm cylindrical casting mold in a
drying chamber at 60 °C for 6 h. Further sample prepara-
tion for each of the analyticalmethodswill be described in
the appropriate paragraphs.
For SEManalysis, the sampleswere ion-etched and sput-
tered after a dry grinding and polishing process. Ion etch-
ing is preferred over conventional preparation techniques,
because the CCC should have no contact with water dur-
ing sample preparation, as it could change themicrostruc-
ture by continued hydration. Additionally, standard SEM
preparationwouldpartially fill theporeswithabradedma-
terial. SEM images and EDX-mappings were obtained on
aZeiss Supra 35VPwith INCAEnergyEDS-System from
Oxford Instruments.
ApplyingMIP (Mercury Intrusion Porosimetry) for the
investigationsonpore structuremakesapossible change in
pore volume due to dehydration detectable. Furthermore,
SEMpore analysis alone is not applicable, as the pore sizes
vary too much for a clear description in a proper number
of images. Therefore, 4 – 5 g of hardened CCCwere mea-
sured on a Thermo Scientific porosimeter up to 400MPa.
To identify changes inmicrostructureorporosityofCCC,
eachof themeasurements (SEMandMIP)wereperformed
at room temperature without tempering and after 12 h of
tempering at 150 °C and 300 °C, respectively.
For quantification of the crystalline phase content, mea-
surements were conducted with a Bruker D8 Advance X-
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ray diffractometer at 40 kV /20 mA from 10 – 90° 2hwith
a measurement time of 68 minutes. A setup with a Cu-
sealed tube, a Göbel mirror, a cutting slit and 0.2° diver-
gence slit on the primary site and a VÅNTEC-1 detector
provided 0.4 s per step with 0.008° increments for reason-
able count statistics.Quantitative phase contentswere cal-
culated via Rietveld refinement with SiroQuant 4.0 Soft-
wareusing the implemented structuredataof the software.
For all XRDmeasurements, CCC samples were analyzed
on untreated surfaces.
Comparatively, in cooperation with the Institute for
Mineralogy of the University of Erlangen-Nuernberg, a
machine-cut sample of CCC was measured on a Bruker
D8 Advance X-ray diffractometer at 40kV/40 mA from
6 – 70° 2hwith ameasurement time of 46minutes. A setup
with Cu-sealed tube, 0.3° divergence slit and a Lynx-Eye
detector providing 1 s per step with 0.0236° increments
was applied for quantification with the G-factor method
using ICSD structure data 19, 20.
The method of coupling X-ray diffraction and thermal
analysis allows the straight connection of both XRD and
DTA results. With separate, thus uncoupled systems, a
direct correlation of results is difficult owing to differing
measurement conditions such as sample preparation, etc.
For in-situ-coupled µ-XRD2-DTA measurements, a
Bruker D8 DISCOVER GADDS X-ray microdiffrac-
tometer (µ-XRD2) was used. The system was equipped
with a Co-sealed tube, a primary HOPG-monochro-
mator, a monocapillary optic with a spot size of 500 µm
(FWHM) and a large two-dimensional VÅNTEC-500
detector, covering ∼40° 2h in one measurement (XRD2).
This µ-XRD2 setup allows very short measurement
times with a high spatial resolution due to the high flux
and the small spot size provided by the monocapillary
optic. The large two-dimensional detector enables the
monitoring of dehydration, crystallite ripening or texture
effects in real-time without detector movement. Hence, it
is possible to measure a diffraction pattern with reason-
able count statistics covering ∼40° 2h and ∼40° wwithin 10
seconds.

The DTA-setup with an in-house designed DTA-cham-
ber is shown in Fig. 1 and allowed constant heating and
cooling of the sample 18. The sample holder itself was
covered by a small lid to avoid disturbing influences on
the DTA-signal caused by thermal convection of the sur-
rounding air. The lid’s window is transparent to X-rays
and does not restrict the covering range of the two-dimen-
sional detector.
As the in-situ-coupled µ-XRD2-DTA setup is equipped
with a humidity sensor, correlation between DTA trace,
relative humidity, absolute humidity and the correspond-
ing phase content of the sample is possible.
Measurements on CCC were performed with a Co-
sealed tube operating at 40 kV /40 mA, fixed incident an-
gle h1 = 12°, fixed detector angle h2 for covering a range
from 17 – 54° 2h, 120 s measurement time for each diffrac-
tion pattern and 5K/min heating and cooling rates of
the sample. Polished CCC samples measuring 0.5 mm
in thickness and 10 mm in diameter were prepared to fit
the sample holder. The diffraction patterns were captured
consecutively: Once an integration time was finished, a
new measurement started automatically. The dead time
between twomeasurements averaged three seconds.

III. Results

Fig. 2a gives a brief overview of the microstructural fea-
tures of CCC, showing the hydrated CAC matrix, pro-
viding themechanical strengthwith calciumaluminatehy-
drate (CAH) and aluminate hydrate (AH) phases. Addi-
tionally, small amounts of unhydratedCAC clinker phas-
es and small pores are visible. Alumina particles with dif-
ferent particle sizes for best packaging density, achieved
in accordance with 21, are used as thermally conductive
fillers. Figs. 2b+c illustrate an area of interest and the cor-
relating EDX-mapping of aCCC.With plotting of theCa
and Al elements, it is useful to differentiate between un-
hydrated (green) and hydrated (red) areas, as the clinker
phases contain on average higher amounts of Ca.

Fig. 1: In-situ µ-XRD2-DTA setup with an inside view of the improved DTA chamber.
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Fig. 2: Microstructure of a CAC ceramic composite (CCC) (a) a selected area of interest (b) with the corresponding EDX-mapping of Ca
(green) and Al (red) (c), plotted for differentiating between unhydrated cement clinker and matrix + alumina filler.

Fig. 3: Typical CCC microstructure; at room temperature (RT), after tempering at 150 °C and after tempering at 300 °C.

Concerning the pore structure, it is obvious that pore
sizes range from the nm to µm scale, while most of the
bigger pores accumulate at the unhydrated CAC clinker
phases.Toevaluate the influenceofdehydrationon themi-
crostructureof aCCC,Fig. 3 shows theSEMimagesof the
same CCCwithout tempering, after tempering for 12 h at
150 °C and after tempering for 12 h at 300 °C. The com-
posite microstructure does not change until 150 °C. After
tempering at 300 °C, a significant micro-crack formation
leads to damage within the matrix.
The pore volume of the CCC was quantified at room
temperature (RT), 150 °C and 300 °C by means of MIP
(Mercury Intrusion Porosimetry). The results shown in
Fig. 4 give evidence that the pore volume increases be-

tween 150 °C and 300 °C. For better visibility, the results
are also given in accessible porosity in vol%, which is cal-
culated in accordance with the skeleton density measured
with He-pycnometry. Thus, an increase of about 5 vol%
accessible porosity after tempering at 300 °C can be ob-
served.Values atRT and after tempering at 150 °C are sim-
ilar. This fact correlates to microstructure development as
shown in Fig. 3. Therefore, the increase in porosity corre-
lates with the observedmicro-crack formation. The XRD
results provide reasons for this micro-crack formation.
As mentioned before, CCC consists of different crys-
talline phases including alumina for advanced thermal
conductivity. Especially for a robust electronic encap-
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sulation material, it is important to know which of the

possible hydrate phases are present in the matrix, because

conversion of metastable hydrates, as described in the

introduction, would lead to volume changes. Fig. 5 identi-

fies the present phases at RT, after tempering for 3 h at 150

°C and after tempering for 3 h at 300 °C. With these three

diffraction patterns it is possible to quantify what should

be observed in an in-situ µ-XRD2-DTA measurement

concerning phase content and amount.

Fig. 4:Mercury intrusion porosimetry (MIP) data of aCCCat room
temperature (RT), after tempering at 150 °C and after tempering at
300 °C.

CCC can be characterized by a matrix of gibbsite (c-
AH3) and katoite (C3AH6) with corundum (a-A) filler
and small amounts of unhydrated cement clinker, such as
krotite (CA) and grossite (CA2) (Fig. 5 at RT). A compar-
ison of the three XRD patterns shows that the phase con-
tent does not change after 150 °C tempering. Only from
150 to 300 °C complete dehydration destroys all hydrate
phases and a new phase C12A7, known as a CAC clink-
er phase, appears. Complete dehydration of the cement
matrix leads to the observed micro-crack formation and
porosity increase in this temperature regime.

Fig. 5: Ex-situ XRD measurements for phase quantifications at
room temperature (black), after tempering at 150 °C (blue) and after
tempering at 300 °C (red).

Quantification results, achieved with SiroQuant 4.0
Software via Rietveld refinement, are shown in Table 2.
A cross-check with XRD quantifications via G-factor
method validated these results (as presented in Table 2)
with only slight differences for hydrate phases and clinker
amount. Furthermore, we foundout that nearly allmixing
water (water to cement ratio (w/c) = 0.6) is incorporated
into hydrate phases taking themineralogical composition,
amount of CAC and the following hydration reactions
into account:

3CA + 12H2O → C3AH6 + 2c-AH3 (1)
3CA2 + 21H2O → C3AH6 + 5c-AH3 (2)

Table 2: Calculated crystalline phase contents of CAC-Ceramic Composite (CCC) after Rietveld Refinement between 10
and40°2h (errorswithindigit).The lastcolumnshowsquantificationresultsobtainedwithG-factoranalysis forcomparison.

Mineral name CAS notation Amount [wt%]

RT 150 °C 300 °C RT G-factor

Corundum a-A 72.8 73.3 89.1 ± 0.1 75 ± 1.9

Gibbsite c-AH3 13.5 12.9 - 15.8 ± 0.3

Katoite C3AH6 8.9 8.0 - 9.6 ± 0.1

Diaoyudaoite b-A 1.7 1.9 3.5 1.2 ± 0.2

Krotite CA < 1 < 1 - < 1

Grossite CA2 3.1 3,6 4.8 < 1

Mayenite C12A7 - - 2.6 -
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Fig. 6: 2D-plot of the phase evolution of a CCC during heating and cooling, measured with in-situ µ-XRD2-DTA.

Fig. 6 illustrates the result of the in-situ µ-XRD2-DTA
measurements concerning the phase evolution during
heating to 300 °C and subsequent cooling. Owing to the
shortmeasurement times, it is not possible to differentiate
between c-AH3 andC3AH6 during the experiment. Nev-
ertheless, takingFig. 5 and theC3AH6peak evolution into
account, dehydration starts above 150 °C for both phases.
The CCC dehydration occurs starting from a tempera-
ture of about 210 – 220 °C, resulting in the formation of
C12A7 as reported in 22. Thus, X-ray diffraction alone is
not sufficient for the determination of the exact starting
temperature of the dehydration.

Fig. 7: DTA trace (red) measured with in-situ µ-XRD2-DTA.
Points A and B indicate the extrapolated starting temperature Te
of the two observed endothermic reactions (black). The dashed line
gives the base line.

In addition, the extrapolated starting temperature (Te),
giving reasonable values for the start of a reaction from
DTA traces, was identified by subtracting the base line
from the DTA trace. The tangent of the inflection point
was extrapolated to thebaseof each reactionpeakmarkTe.
Correlating the phase evolution with the simultaneously
measured DTA trace proves a Te of 210 – 220 °C for the

start ofdehydration (Fig. 7 -pointB).This typeof reaction
is endothermic.

Previously, another endothermic reaction occurred be-
tween RT and the dehydration of hydrate phases (Fig. 7 –
point A). Unfortunately, it is not possible to determine a
certain temperature for this first dehydration, due to the
broad peak of this endothermic reaction. Nevertheless,
there is no phase transformation in this first temperature
regime present in the simultaneously recorded X-ray pat-
terns (see Fig. 6). It is also important to notice that during
cooling no reaction occurs. Thus, CCC dehydration is ir-
reversible. XRD analysis of CCC samples that were tem-
pered at 300 °C and subsequently stored for a fewweeks at
ambient conditions verified this fact. Therefore, we used
the second measurement of the same sample as the DTA
base line.

Finally, it is obvious that the progress of relative and ab-
solute humidity changes slopes significantly at the same
temperatures of the DTA trace (Fig. 8 - points A and B).
Therefore, changes in humidity indicate dehydration pro-
cesses inCCC.The impact of different humidity values on
the phase evolution of CAC ceramic composites will be
evaluated in future studies.

Fig. 8: Humidity values from the in-situ µ-XRD2-DTA measure-
ment plotted with the temperature of the thermoelement (TE)
(dashed red) also named as oven temperature. Points A and B cor-
relate with Te indicated in Fig. 7.
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IV. Discussion

1. Microstructure
SEM images show that a dry grinding and polishing pro-
cess combined with ion etching is a suitable preparation
technique for CCC, as they do not destroy any feature of
the microstructure. Neither crystalline phases, nor pores
are adversely affected in a negative way, even in the nm
scale. Nevertheless, pore areas have to be evaluated care-
fully, due to redeposition effects,which canoccur after ion
etching.
ConcerningEDX-MappingonCCCsamples, ithas tobe
pointed out that a distinction betweenmatrix and fillers or
in some areas betweenCAandCA2 clinker is limited.This
fact results from the EDX resolution being too low com-
bined with the very fine-grained microstructure of CCC.
Further research with advanced detector and SEM equip-
ment may improve quantitative microstructure analytics
on CCC.
All changes in the microstructure of CCC occurred be-
tween150°Cand300°C.Theresultsmainlycorrelatewith
observations in CAC-based materials. Nevertheless, it is
reported for the first time for the uniquely processed µm-
scaledmaterial.Hence, for the use as an encapsulatingma-
terial for electronic packaging the behavior in this partic-
ular temperature regime will be very interesting. Relevant
material properties, like electrical resistance ormechanical
strength, will change, because porosity increases by about
5 vol% and because micro-crack formation occurs above
150 °C. Especially the open porosity as described in ce-
ment literature leads to permeability and hygroscopic ef-
fects 23, 24.Finally, the dehydration behavior (as discussed
in-depth in IV.2) will have an impact on functionality and
further development of these cement-ceramic encapsula-
tion materials.

2. Dehydration behavior
In-situ coupled µ-XRD2-DTA and ex-situ XRD results
are in good agreement with the observed temperature-de-
pendent changes in microstructure. Complete dehydra-
tion of theCCCstarts at about 210 – 220 °C (see Fig. 6 and
Fig. 7), a temperature regime where also porosity changes
andmicro-cracks occur. Therefore, both effects (increased
porosity and micro-crack formation) can be correlated
with dehydration at 210 – 220 °C and the smaller volume
of dehydrated phases in the composite. Rouquerol et al.
support this correlation, as they found out that dehydra-
tion of gibbsite increases its porosity 25.
For gibbsite, the main hydrate phase of CCC, thermal
decomposition has been studied for decades, since it is of
importance for the Bayer-process and the alumina pro-
duction. In general, gibbsite transforms to either boehmite
or directly to v-Al2O3 with the release of water, which
depends on time, water vapor pressure of the atmosphere
and grain size. That is the reason for the variety of differ-
ent temperature regimes reported for the dehydration of
gibbsite. Fine-grained gibbsite for example dehydrates di-
rectly to v-Al2O3 at 280 – 300 °Cwith rapid heating,while
hydrothermal conditions cause a reaction to boehmite at
300 °C. Togetherwith results, which consider a decompo-
sition of gibbsite starting at 140 °C, a temperature regime

from140 to 350 °C is conceivable 22, 26, 27. TheDTA traces
of the stable, convertedCACpaste fromRouquerol (illus-
trated inFig. 9) show trendsof endothermic reactions sim-
ilar to our CCC (measured with in-situ µ-XRD2-DTA).
However, they disregard the first (blue) section, where
the gibbsite dehydration should already start. Adding all
sections to both DTA traces, a correlation to CCC could
identify a gibbsite dehydration from 210 °C to 280 °C and
a katoite dehydration from 280 °C to 300 °C.

Fig. 9: DTA traces of CAC paste (DTA) and CCC (in-situ µ-
XRD2-DTA) (after Newman and Choo 24).

Evaluating the complete method of in-situ µ-XRD2-
DTA, a general offset, XRD-to-DTA offset and a mis-
match of about 10 °C due to measurement times of 120 s
with a ramp rate of 5K/min. have to be taken into account.
Therefore, it can be assumed that dehydration starts a lit-
tle bit earlier at about 180 – 200 °C. DSC and TG-MS
measurements of the same CCC support this assumption
and CCC dehydration starting between 180 – 200 °C is
in agreement with the discussed literature of the previous
passage.
Furthermore, Fig. 6 reveals the end of dehydration (for
both phases: gibbsite (c-AH3) and katoite (C3AH6)) at
about 300 °C, which finally spans a temperature regime
from 180 to 300 °C for the complete dehydration of both
CCC hydrate phases. As Fig. 7 and Fig. 8 show complete
gibbsite and katoite dehydration, starting above 200 °C
(Point B), onemore endothermic reaction is visible (Point
A). This reaction starts above RT and can be correlated
to the removal of free water, which needs more energy
depending on time and pore size.
In contrast to materials containing significant amor-
phous amounts, the comparison of quantification via the
G-factor method and Rietveld refinement showed no sig-
nificant difference in phase contents for the CCC (Table
2). The slightly different amounts of CA and CA2 corre-
late with heterogeneity, which can be observed in the mi-
crostructure of CCC (Fig. 2 and Fig. 3). The difference of
about 3wt% for gibbsite (see RT vs. RTG-factor in Table
2) is still in the error range of such a CCC, because quan-
tification of the same material on different spots resulted
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in about 16wt% of gibbsite. Furthermore, the crystallini-
ty of gibbsite is quite low and different structure models
were used, which might also lead to different quantifica-
tion results. Therefore, both methods are suitable to de-
termine the quantitative phase content of a CAC ceramic
composite.

3. Consequences for electronic packaging
Taking all aspects of IV.1 and IV.2 into account, the de-
veloped cement-ceramic encapsulation material (CCC)
can be applied for passive electronic components (coil
or transformer) with reduced size and high power den-
sity already at this stage of development. These compo-
nents operate at low temperatures up to 150 °Cand should
not cause any dehydration or microstructural changes in
CCC. Additionally, first over-voltage and thermal resis-
tance tests on passive components support this assump-
tion.
Si semiconductors encapsulated with CCC operat-
ing at about 180 – 200 °C should also not influence the
microstructure or phase content of the encapsulant.
Although, the lower volume resistivity of CCC (see Ta-
ble 1) has to be considered in terms of electronic isolation
and reliability. Therefore, current investigations on ion-
migration and chemical interactions between CCC and
the chip surfaces will identify the mechanisms for pos-
sible enhancements or limitations with the application
of CCC encapsulation material. Qualification tests, like
measuring the influence on surface insulation resistance
(SIR) 28 and reverse bias under high temperature and hu-
midity (HTRB and H3TRB) 29, 30, 31 are therefore part
of ongoing research work. Also power cycling tests (PC),
simulating the real use condition of electronic devices, will
be conducted 29. Thus, it is possible to evaluate the reli-
ability of the composed electronic system by repeatedly
turning the devices on and off under defined conditions,
until the end of life.
The applicability ofCCConwide bandgap semiconduc-
tors like SiC or GaN above 210 °C have to be evaluated
in terms of measures against reliability issues by dehydra-
tion or porosity. Therefore, above-mentioned qualifica-
tion tests should reveal critical aspects for wide bandgap
power electronic devices.

V. Conclusions
With coupled measurements of DTA and µ-XRD2 and
the needed time and temperature resolution, it was possi-
ble to observe the irreversible dehydration process of the
presented cement-ceramic encapsulation material for the
first time. These data correlate with the observations on
porosity and microstructure evolution up to 300 °C. Fur-
thermore, in-situ µ-XRD2-DTA revealed a stable system
up to nearly 180 – 200 °C. Beyond this temperature, dehy-
dration and increased porosity by micro-crack formation
have to be considered in CCCdevelopment for electronic
applications in this temperature regime.
Future electronic devices equipped with SiC or GaN
semiconductors and small passive components with in-
creased power density and heat stresses, need a robust and
highly thermally conductive encapsulation compound.
The developed calcium aluminate cement ceramic com-

posite introduces a new material class, which exhibits
enhanced thermal properties and simplified processing
compared to common filled epoxy resins or silicone gels.
The µm-scaled material and its special processing above
60 °Covercome the knownproblems associatedwith con-
version in CAC-based systems, by means of immediate
formation of stable hydrates.
Therefore, evaluating electrical, chemical and thermo-
mechanical aspects of CCC is part of current research.
Especially, typical qualification tests under distinct atmo-
spheric conditions with different humidity and tempera-
ture (SIR,HTRB,H3TRB andPC)will be considered and
compared to state-of-the-art encapsulants.
Beside all advantages of thenovel cement-ceramic encap-
sulationmaterial, the discussed results revealed critical as-
pects for the application on semiconductors and at tem-
peratures above 210 °C. Finally, the correlation between
quantitativephase content, electrical and thermo-mechan-
ical propertieshas to identify thekeyparameters for future
electronic packaging with CAC ceramic composites and
the role of CCC in the ceramic research community.
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