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Abstract 

 
In this work, mineral sacrificial pastes (MSP) previously developed for standard thick-film technology 

(alumina substrates) are extended to LTCC in order to make a capacitive anemometer. Application of MSP 
materials on free-sintering (unconstrained and not zero-shrinkage) LTCC is challenging: shrinkage must be 
matched to that of the LTCC in order to avoid excessive deformation, or sufficiently compliant materials must 
be used. 

 
Here, different MSP materials / materials systems are described, evaluated and compared to their 

(standard) thick-film counterparts, with respect to their ability to form deformation-free intricate 
micromechanical structures and their release (by oxidation and chemical dissolution) characteristics. Finally, 
by using the more successful MSP materials, an application is proposed with a capacitive micro-force sensor 
serving as anemometer for an indoor slow flyer. 
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1. Introduction 
In the field of three-dimensional silicon 

micro-electromechanical systems (MEMS), the use 
of sacrificial materials removed at the end of 
processing has been studied for nearly thirty years 
and is now standard. However, it is more seldom 
used in thick-film and LTCC technology. So far, 
only silk paper or methods for closed cavities (such 
as carbon-based fugitive phases) have been 
available on LTCC. Mineral sacrificial pastes 
(MSP) has been successful on alumina substrates 
[1], but not yet on LTCC due to shrinkage 
mismatch (leading to strong deformations) [9]. 

This paper presents a novel way to make 
free-standing structures on LTCC under un-
constrained sintering, using mineral sacrificial 
pastes made of carbon and calcium carbonate. The 
volume ratio of the mineral powder is 28% CaCO3 
and 72% C, which is then mixed with an organic 
binder in mass proportions 60%-40% respectively. 
The remaining material is easily removed after 
firing by dissolution in diluted weak acid (H3PO4). 

Frame of the Work 
This work took place in the development 

of an LTCC anemometer for a 10-gram indoor 
slow flyer [8] (speed range 0.5-3 [m/s]), as an 
evolution of the micro-force sensor developed in 

thick-film technology in former works [1]. There 
were two sensors developed in parallel: a thermal 
sensor (like a hot wire anemometer, not discussed 
here), and this capacitive sensor (mimicking the 
halteres of the fly, which help it to control its 
motion). 

The results obtained from a sensor 
prototype will be briefly discussed in chapter 7, as 
the sensor is still at its earliest developments. 

2. Studied Sensor: a Capacitive Anemometer 
Figure 1 depicts a schematic view of the 

sensor, not yet striped of its mineral sacrificial 
layer, which lies between the base and cantilever. 
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Figure 1 - Schematic view of the capacitive ane-
mometer (microforce sensor), not yet stripped of 
its mineral sacrificial layer (fitting the space of 
height r0). 
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It is easy to understand that the wind will 
apply a force on the cantilever, forcing it to bend 
and therefore forcing the electrodes to get closer. 
Thus, the distance d will decrease, inducing an 
increase in capacitance. This capacitance will be 
used to calculate the relative air speed of the slow 
flyer. The underlying theory is explained hereafter. 

Theory of the Capacitive Force Sensor 
The force to measure (Fa) is applied at the 

tip of the cantilever, which bends and acts like a 
spring with a force of recall Fr, where k is the 
spring constant and d the displacement: dkFr ⋅−=  
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Figure 2 – Mode of operation of the capacitive 
force measurement. 

Figure 2 schematises the mode of 
operation. Given the small displacement of the 
cantilever, the capacitor formed between the 
electrodes can be assumed to be planar. Therefore, 
the capacitance may be written as: 

r
AC r ⋅

=
εε 0  

with  the dielectric constant ε0 = 8.854·10-12 [F·m-1], 
εr = 1 (in air) the relative permittivity, and A the 
electrodes area. By adding (r0) r the (initial) 
distance between electrodes, the non-linear relation 
between applied force and measured capacity is: 
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3. Sacrificial Layers 
Pioneering, but little-known work on 

carbon and other sacrificial layers was carried out 
on classical thick-film technology, already in the 
early 1980's at Bosch by G. Stecher et al. 
[5][11][13]. The processing steps, however, were 
quite complex, involving a succession of 
depositions and firings in nitrogen and air, and 
therefore did not achieve large-scale manu-
facturing. 

Carbon sacrificial layers that burn out 
during firing are useful for structuration of LTCC, 
but using them for delicate structures such as thin 
membranes can be difficult, due to a very high 
process sensitivity [6][8]. Also, carbon must be 
used in rather "closed" environments. If not it can 
oxidize before the structure is sintered, leading to 
sagging and/or lateral deformation. 

Mineral-based Sacrificial Layers 
For more "open" structures, structuration 

with a sacrificial material that survives the firing 
step and supports additional layers, then is etched 
away by an acid as in MEMS technology, would be 
much more straightforward. Unlike setter tape [10], 
such a structuration method also leaves no par-
ticles, which are highly undesirable in micro-
structures. 

For standard thick-film technology, a 
method using SrCO3 (which dissolves in acids) in 
an epoxy matrix has been developed by Ginet, 
Lucat et alter [1][2][3][11]. In this technique, the 
overlying layer, such as a dielectric or conductor, is 
co-fired with the sacrificial material. The printing 
of this overlying layer is facilitated by the epoxy 
matrix of the sacrificial material, which gives a 
non-porous layer after polymerization. For LTCC, 
however, this sacrificial layer is essentially non-
sintering, and not compatible with the lateral 
shrinkage of most LTCC materials. 

MSP Attempts @ our Laboratory 
Previously at the Laboratoire de 

Production Microtechnique, we have explored 
chemically dissolvable mineral sacrificial pastes 
based on mixtures of CaO (refractory) and B2O3 
(melts at ca. 450°C) system [7]. Unexpectedly, 
shrinkage was found to be small, ca. 7-8%, 
regardless of the B2O3 content, and the films 
remained porous. This was ascribed to the high 
volatility of free B2O3 and to the high melting 
points of its compounds with CaO, hindering 
sintering. Although the open porosity made for 
very easy etching with acids, the low shrinkage did 
not allow successful co-firing with LTCC. 

Attempting to improve the situation was 
carried out by replacing B2O3 with borax (Na2B4O7, 
sodium tetraborate), because it is known to reduce 
volatility and enhance sintering. The feasibility of 
mineral sacrificial paste in standard thick-film 
technology on alumina substrates was shown using 
a paste with 50% borax Na2B4O7 and 50% CaO 
(%vol) mixed with an organic binder [1]. Removal 
of this layer was possible, by dissolution in H3PO4 
at 80°C for several hours, followed by rinsing in 
deionised water and drying in air at 100°C. 
However, the sodium contained in borax tended to 
react with and degrade the adjacent layers, which 
tended to lose adherence when exposed to the 
H3PO4 etching medium. Thus we tried a paste 
containing less sodium, i.e. 60% vol. CaO, 15% 
borax and 25% H3BO3. The reactivity with 
conductors was decreased, but not the shrinkage 
mismatch. 

Still, the underlying goal to obtain a MSP 
suitable for LTCC was not reached, due to shrink-
age and dissolution issues. To suit LTCC the 
shrinkage has to be increased (from 7-8 to 15%). 



The pursued developments have reached this aim, 
which is the subject of the following chapters. 

4. Mineral Paste Composition Determination 
The MSP must meet these criteria: 

• Physical support of three-dimensional structure 
before and during the sintering; 

• No deformation of  the LTCC; 
• Compatible with electrodes; 
• Must be easily applied by screen-printing; 
• Must be easily removed after firing (by dis-

solution or other). 
 
To reduce the workload associated with 

screen-printing, rapid tests were carried out on 
leftover LTCC (DuPont 951 GreenTape™ 254μm) 
to eliminate the most unsuitable paste compo-
sitions. Then manual screen-printing was done 
through a simple metallic screen to refine the MSP 
compositions until an acceptable solution was 
found. The final tests were carried out with 
different variants of paste superpositions and con-
ductor tracks (standard and PTC resistor, Ag:Pd). 
The results are presented hereafter. 

List of Minerals and Organics 
Table 1 summarizes the minerals used for 

MSP preparations. Note that the specific mass may 
vary depending on manufacturer, and is sometimes 
listed as a "density range" (for example the CaO at 
3.25-3.38). 

 
Table 1 – List of minerals used for MSP prepa-
rations, with specific masses and melting point 
used in calculations. 

Mineral Manufacturer,
code, part. size

ρ 
[g/cm3]

Melting 
point [°C]

CaO Alfa Aesar 99.95%, 
n°010923, <10μm 3.35 2572

C TIMCAL, TIMREX 
KS5-44, 27μm 2.25 -

H3BO3
Sigma-Aldrich 

99.99%, n°339067, - 1.44 160

CaCO3
Alfa Aesar 99.5%, 

n°11403, 5μm 2.93 800
 

 
Only the boric acid H3BO3 has been 

mortar grinded (1 hour, Retsch RM100), because of 
agglomerates. Others were fine enough to be used 
"as is". All powders have been carefully weighted 
(Denver Instruments) and thoroughly mixed. Then 
the mix was gradually added to an experimental 
organic binder that has the composition listed in 
Table 2, and which was magnetically stirred for 1+ 
hour at 60-80°C.  

 

Table 2 - Experimental organic binder compo-
sition (solvent + plasticizer + ethyl cellulose). 

Component Mass [g] Mass [%] 

Terpineol C10H18O 
Fluka 86480, anhydrous 

32.00 64.5 

Dibutylcarbitol 
Aldrich 99+%, 20,562-1 

16.00 32.2 

Ethylcellulose 
Aldrich 300 [cps], 20,065-4 

1.64 3.3 
 

The proportions of mineral powder and 
organic binder are 60 and 40% (mass-mass) res-
pectively, for all pastes listed subsequently. 

To save time, none of initial test pastes 
were further grinded. Only the last screen-printed 
series of paste were passed through a three-roll mill 
(EXAKT); it only slightly improved the geometry. 

Initial Tests: CaO, C and H3BO3 
The initial tests were done directly 

without borax, to eliminate the earlier encountered 
problem of sodium reactions with electrodes. For 
the shrinkage adaptation it was proposed to use 
bismuth borate [1], known to melt at 726°C, but it 
was not attempted as the developed solution was 
satisfactory enough with calcium and carbon only. 
It is always preferable to avoid using components 
leading to possibly toxic sub products such as 
bismuth salts. 

 
Table 3 presents the pastes used for the 

initial MSP tests, with their mineral volume 
proportions. Theses pastes were deposited on 
LTCC by hand, and some samples were recovered 
with LTCC to form a sandwich. The analysis 
focussed on the deformation of the LTCC, on the 
quality of the gap and on the mean of removal. For 
this latter, "rubbing" means that the fired MSP 
could be simply removed by sliding it with a 
finger, while “acid+US” means that the MSP 
needed to be dissolute in H3PO4 in ultrasonic bath 
for 5 minutes. 

 
Table 3 - Initial MSP tests with calcium oxide, 
carbon and boric acid: vol. proportions, and 
resulting observations: LTCC deformations, 
gap quality and easiness of removal. The paste 
O8 is interesting in terms of deformation but 
lacks a skeleton to support upper structure. 

CaO C H3BO3
LTCC 

deformations
Gap 

quality
Mean of 
removal

O1 60 0 40 strong bad rubbing
O3 50 20 30 average average rubbing
O4 50 0 50 strong bad rubbing
O7 100 0 0 very strong very bad rubbing
O8 0 100 0 none v. small acid+US

Results
Code

Volume ratio [%]

 
 

The pastes 02, 05 and 06 were made with 
intermediate values of proportions, and as their 



properties did not differ much, they were omitted 
from the above table. 

The results of this series are not good. The 
samples all suffered from deformations of LTCC 
and bad gap quality, but the MSP was very easy to 
remove (by rubbing a finger on it). Figure 3 shows 
a 1-layer LTCC sample printed with paste O1 and 
its strong deformations. 

  
Figure 3 – Test pattern of paste O1 (60% CaO, 
40% H3BO3) printed on LTCC. Left: green; 
right: fired. The strong deformations are clearly 
visible. 

A 2-layer cantilever LTCC sample made 
with paste O3 is displayed on Figure 4: the defor-
mations are more localized. Although the base is 
less affected, the cantilever is too much distorted. 

 
Figure 4 – Sandwich-cantilever test made with 
paste O3 (50% CaO, 20% C, 30% H3BO3) 
deposited on LTCC. Left: green; right: fired. 
The cantilever is too much distorted. 

 
Only the O8 paste (made with 100% 

carbon) showed no deformation, but the gap was 
nearly inexistent (Figure 5). This is explained by 
the almost complete combustion of C before the 
sintering, leading to the sagging of the cantilever 
on its base. This is no surprise; the carbon fugitive 
phase has been used so far with success only in 
closed cavities. 

 
Figure 5 – Sandwich-cantilever test made with 
paste O8 (100% C) deposited on LTCC. Left: 
green; right: fired. The LTCC is not deformed 
but there is nearly no gap due to sagging. 

 
It can also be noted that although the 

pastes were initially white or black (depending on 
their carbon content), they all turned out to be 
white after firing (if there was anything left to be 
seen), as Figure 3, Figure 4 and can Figure 6 attest, 
because of the remaining calcium oxide. 

Initial Tests, Cont'd: CaCO3 and C 
From the above it was concluded that 

carbon was beneficial but useless alone, and CaO 
useful too but in small proportions. Boric acid did 
not bring improvements. Hence, a combination of 
CaCO3 and carbon was tried, in the hope that the 
volume lost during firing by oxidation of the 
carbon and decomposition of CaCO3 to CaO would 
allow this material to better follow the shrinkage of 
the LTCC. Thus, new tests were carried out with 
CaCO3 and C only: they are listed in Table 4. The 
pastes rich in CaCO3 O10 (100% CaCO3) and O11 
(50% CaCO3, 50% C) gave very bad results (strong 
deformations), so the amount of calcium carbonate 
was reduced to give the pastes T7..T10, which 
exhibited much better results. Their ratio numbers 
are not round, this is because the wrong specific 
mass (2.71 instead of 2.93) had been taken for mass 
calculations. 

 
Table 4 - MSP tests with calcium carbonate and 
carbon only: vol. proportions, and resulting ob-
servations: LTCC deformations, gap quality 
and easiness of removal. The paste T9 is very 
interesting, as it shows nearly no deformation. 

CaCO3 C LTCC 
deformations Gap quality Mean of 

removal
O10 100 0 very strong very bad rubbing
O11 50 50 very strong very bad rubbing
T7 9 91 nearly none OK but small acid
T8 19 81 nearly none glued on 1 side acid
T9 28 72 nearly none good acid
T10 38 62 base, slightly good acid

Vol. ratio [%]
Code

Results

 
 
Figure 6 shows the results of the best 

paste: T9, made with 28% CaCO3 and 72% C, here 
used for a test sandwich-cantilever. The final shape 
is clearly very good, and the MSP has totally 
vanished. All the Tx MSP can be simply removed 
by a quick stir in H3PO4 followed by DI H2O 
rinsing. 

 
Figure 6 – LTCC sample of sandwich-cantilever 
made with paste T9 (28% CaCO3, 72% C). Left: 
fired, before paste removal; right: fired, after 
paste removal/dissolution. There are nearly no 
base deformations and the cantilever shape is al-
most perfect. 

Complementary Initial Tests: Silk Papers 
Besides MSP, silk paper was also 

envisioned as a sacrificial layer. Table 5 sum-
marizes these attempts, all unsuccessful, apparently 
due to insufficient amounts of minerals in the 
paper. Despite the LTCC suffered no deformation, 



the cantilever either collapsed on the base or it 
simply broke. The silk paper solution was not 
further investigated. It does not mean that it must 
be disregarded, but it is not dispensable by screen-
printing anyway. 

 
Table 5 - Tests with different silk papers: num-
ber of layers and resulting LTCC deformations, 
gap quality and easiness of removal. None is 
usable for the foreseen application. 

Type # 
layers

LTCC 
deformati

ons
Gap quality Mean of 

removal

O12 1 7 none cantilever broken acid+US
O15 2 7 none no gap! acid+US

Results

Code

Silk paper

 

5. Fabrication of Free-standing Structures 

The good results obtained with paste O8 and 
T9 opened the way for the prototyping of the 
microforce sensor, with serious screen-printing of 
electrodes + MSP on base, and electrodes on both 
faces of the cantilever (to prevent asymmetrical 
cantilever deformation). 

The sensor size was chosen to be compatible 
with the existing socket of the demo-board, i.e. 
12.7x25.4mm. Different geometry variants were 
designed, by varying the cantilever length, its 
width, and the presence or not of a hole in it. Of 
course the sensors were produced in batch contain-
ing one of each variant. Figure 7 shows a base tape 
and a cantilever tape, both in green state but 
screen-printed and ready for stacking. The 2x7 
sensors and the geometry variants are clearly 
visible. The sensors are singularized after firing by 
laser scribing along post-stamp-like cuts present 
only in the base tape. 

 
Figure 7 – Green, screen-printed LTCC tapes 
ready for stacking/lamination and firing. Left: 
bottom plate (bases) with electrodes (light grey) 
and MSP (black). Right: top plate (cantilevers) 
with electrodes (both sides). 

 
The choice of the electrode type and MSP 

combination, in order to ensure MSP-electrode 
compatibility and a sufficiently large cantilever 
gap, is described hereafter. 

Screen-printing Variants 
Beside the geometry variants, of little 

interest for this article, the screen-printing 
operations consisted of 8 variants (Table 6). 

Three kinds of tracks (hence electrodes) 
were tested: a) Ag:Pd (DuPont 6142D capacitor 
electrodes); b) PTC resistor (ESL 2612-I); c) 1kΩ/□ 
resistor (DuPont 2031). 

Three kinds of MSP "sandwiches" were 
also experimented: 1) a four-layer made of C- 
CaCO3-CaCO3-C (CaCO3 is named O10 in the 
table); 2) a double layer of T9; 3) a three-layer 
made with C-T9-C. 

Table 6 lists the observed deformations of 
LTCC and cantilever, as well as the color of the 
fired mineral sacrificial paste. Unlike with the 
initial tests, the observed colors were white, beige, 
red or black, due to reactions with electrodes. 

 
Table 6 – Variants of screen-printing: track 
type, number and order of MSP depositions, 
and resulting observations: LTCC deformations 
and color of fired MSP. Legend: Ag:Pd means 
DuPont 6142D capacitor electrodes; PTC means 
ESL resistive 2612-I; "1kΩ/□" means DuPont 
resistive 2031. For O-10 and T9, cf. Table 4. The 
variants V2, V6 and V7 gave the most inte-
resting results (one of each track type) and were 
further tested as capacitive sensor. 

# 
lay.

Order of 
deposit. Deformations MSP color, 

fired

V1 Ag:Pd 4 C-O10-
O10-C

Important cantilever 
deformation in height White

V2 PTC 2 T9-T9
More deformations than 
V3, but better base-
cantilever gap

Red 
coloration

V3 PTC 3 C-T9-C Nearly no deformations Red at some 
places

V4 Ag:Pd 2 T9-T9 Slight deformations of 
cantilever and base Beige

V5 Ag:Pd 2 T9-T9
Despite more 
deformations than V6, 
good results

Beige

V6 Ag:Pd 3 C-T9-C No deformations Beige

V7 1kΩ/□ 3 C-T9-C Nearly no deformations Black at 
some places

V8 1kΩ/□ 2 T9-T9 Slight deformations of 
base

Dark grey - 
black

ResultsMSP
Variant Track

 
The results are as follow: the variants V2 

+ V3 with tracks of PTC ESL 2612-I present a red 
coloration, and despite a better gap quality for V2, 
more deformations for V2 than V3 (Figure 8). 

 
Figure 8 – Fired samples of PTC variant V2 
(top) and V3 (bottom). Note the red coloration 
of the MSP, visible through the hole in the 
cantilever. LTCC deformations are restrained. 



V2 was selected for pin mounting and 
capacitive tests, but it turned out to be too sensitive 
to temperature variations, resulting in a useless 
sensor. 

The resistive paste DuPont 2031, of value 
1 kΩ/□, was present in variants V7 and V8. Al-
though the LTCC deformations were small or 
nearly absent (Figure 9), the capacitive tests 
conducted on V7 were insatisfactory, because of 
the instability of measures. 

 
Figure 9 – Fired samples of DP2031 variants V7 
(top) and V8 (bottom). Both suffered little 
deformations, but were electrically instable. 

 
Finally the last kind of tracks, Ag:Pd 

DuPont 6142D, used with the variants V1, V4, V5 
and V6, gave interesting results. The V1 variant, of 
which the MSP was made with C embracing pure 
CaCO3, was totally useless because of very strong 
cantilever deformations (Figure 10 top). It seems 
that the MSP grew too much, and it kept doing so 
for some days afterwards under ambient humidity. 

 
Figure 10 – Fired samples of DP6142D variants 
V1 (top) and V4 (bottom). The V1 showed an 
extreme case of cantilever deformation, while it 
was moderate for the V4. 

The V4 (Figure 10 bottom) and V5 
variants presented more deformations than the V6 
(Figure 11), so they were not tested. Of all the 
variants, V6 gave the best results: no LTCC nor 
cantilever deformation, easy MSP removal and 
stable measures (see later). The MSP of V6 is made 
of the sandwich displayed on Figure 12: C-T9-C, 
with T9 made with 28% CaCO3 and 72% C.  

 
Figure 11 – Samples of DP6142D variant V6 
green (top) and fired (bottom). The V6 turned 
out to be the best variant, both in geometry and 
electrical quality. 
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Figure 12 - Schematic view of the mineral sacri-
ficial paste sandwich composed of carbon (outer 
layers) and of a mix of CaCO3 and carbon (in-
ner layer). Electrodes are not represented. 

The good results of this triple-layer 
sandwich can be explained like this: as tested with 
the paste O8, the carbon in contact with LTCC in 
the upper and lower layers does not create defor-
mations. The T9 in the inner layer serve as skeleton 
for cantilever while the carbon is oxidized. The 
volume lost by carbon combustion and decom-
position of CaCO3 to CaO allows the altering MSP 
to follow the shrinkage of the LTCC. 

LTCC Firing and MSP Dissolution 
All samples were fired in a lamp air 

furnace (ATV PEO-601) with a temperature profile 
corresponding to the Figure 13: long organic burn-
out to ensure complete combustion (300 minutes 
from 330°C to 450°C), sintering ramp of 2.5 K/min 
with peak at 875°C and dwell of 30 minutes. 

 
Figure 13 – Temperature profile used for 
firings. It features a long organic burnout ramp 
(from 330 to 450°C in 300 min), and a sintering 
ramp of 2.5 K/min up to 875°C followed by a 
dwell of 30 min. 

The MSP dissolution of the last samples is 
made by finger rubbing in the easiest cases. 
However, stirring in diluted H3PO4 at ambient 
temperature followed by simple DI H20 rinsing and 
air drying is often necessary. It results in the sensor 
depicted in Figure 14, with a nicely visible gap. 

Gap

Cantilever, upper electrode

Base with contact pins 
and lower electrode.

Gap

Cantilever, upper electrode

Base with contact pins 
and lower electrode.  

Figure 14 – Capacitive sensor after removal of 
sacrificial layer. The gap is neat and well visible 
between the cantilever and the base. The elec-
trodes are the light grey squares. The contact 
pins/wires have not yet been mounted. 



6. Results of Capacitance Measurements 
The best samples of the V2, V6 and V7 

 with 
with 

soldered

745/46 render the task easy. 
The dem

variants were fitted with contact pins glued
conductive adhesive (épotecny E212), or 

 wires. They were then measured as 
described hereafter. 

The capacitance to measure is relatively 
low (~pF), but today's dedicated chips such as the 
Analog Devices AD7

o-board of the AD7746EB (Figure 15) has 
been employed. The chip presents astonishing 
performances: its resolution is 4 fF, its linearity is 
±0.01%, and it is easily programmed by USB. 

 
Figure 15 – Sensor mounted on socket linked to 
the capacitor chip Analog Devices AD7746EB 
demo-board. A balsa wood triangle is pressing

d to 
press on

wires were 
unusable

ariant, the #V6.8: 

 
on the cantilever; its effective mass pressing on 
the cantilever is one third of its global mass. 

To run the tests, the sensors were mounted 
on a socket linked to the demo-board with shielded 
BNC wires, and balsa wood triangles were use

 the cantilever at tip. The triangles were 
resting on two other feet, such as to divide their 
resting force by three, as can be seen on Figure 15. 
Their masses were carefully weighted. 

Of all the variants, only the V6 gave stable 
results. Among all the V6 sensors, only those with 
pins were measurable: those with 

, because of their parasite capacity. For 
mechanical reasons, an alumina substrate was 
glued under the LTCC base, easing the mounting of 
the contacts pins. 

The graph for capacitance in function of 
applied mass is plotted in Figure 16 for the best 
sensor of the V6 v
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Figure 16 - Capacitance as function of applied 
mass for sensor #V6.8. The considered error is 
0.2%. The behavior is healthy and quite linear. 

 

 
(Figure ) or zirconia, to allow the relative air 
flow to be sensed by the cantilever. Blowing air 

 in 
the studi

 
 
 

 

7. Application: Anemometer for Slow Flyer 
To be used as an anemometer, the best 

sensors were fitted with a "moustache" in balsa
17

with ventilators or air vents proved to be difficult
ed speed range (0.5-3 [m/s]), so an experi-

mental bench with a travelling carriage and a refer-
ence anemometer was set up. The graph of 
measurements shown in Figure 18 proves that the 
concept is feasible. However, the sensor is far from 
being optimal and will need further development. 

Figure 17 – Anemometer made of a capacitive
sensor mounted on alumina support with glued
pins and fitted with a balsa wood moustache, to 
be more sensitive to air flow. The gap under the
cantilever is visible on the right side of LTCC. 
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Figure 18 - Capacitance as function of speed of 
the travelling carriage. The error is 2%. 

 

8. Improvements of the Sacrificial Paste 

uctures. 
However, the considered C-T9-C sandwich is not 

 refin-
ition. 

-
printing, such as embrittlement of thin tapes due to 
over-abs

The abovementioned results are promising 
for the creation of other free-standing str

yet optimal. It can probably be improved by
ing the components ratio of the pastes compos

The use of another LTCC system such as 
the Heraeus HeraLock™, with ±0.2% of shrinkage, 
should also be envisaged: maybe that only employ-
ing CaO and carbon as MSP would be sufficient. 

 
Moreover, switching to an aqueous 

solution (per example polyvinylic alcohol) instead 
of an organic-based solution for the pastes binder 
could reduce problems encountered at screen

orption of solvent by the LTCC. 
Also, a recent successful attempt of 

tracing a 1x8mm channel in LTCC with a simple 
greetings card paper (that burned completely) 
remind us that simpler solutions can be envisaged. 
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previous methods in the sense that it is compatible 

age, is not limited to closed
cavities,

 
measure

 Mrs. C. Jacq for 
 paste preparation. 

r free-
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electronics 
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lectronics and Packaging Symposium, 

Microelectronics 

. Advanced Robotics, 
he Robotics Society of Japan, 

nels", Journal of 

m applications with new techniques 

thick layer 
hod", International patent WO2007-

 Zimmermann-H, "Electrical 

larly for sensors used with internal 

Conclusions 
A novel method of structuration of free-

standing structures on LTCC has been proposed 
and successfully demonstrated. It differs from

with the LTCC shrink  
and and also because it uses mineral sacrificial 

layers deposited by screenprinting, in the form of a 
three-layer sandwich. The bottom and top layer are 
pure carbon, to avoid LTCC deformations due to 
contact with minerals. The middle layer is a mix of 
28% calcium carbonate CaCO3 and 72% C. All 
layers are mixed with an organic binder in mass 
proportions 60%-40%, respectively. The CaCO3 
acts as skeleton after the carbon combustion during 
the firing, as it gets transformed into CaO (that has 
a higher melting point, 2572°C). The remaining 
material is easily removed after firing by dis-
solution in diluted weak acid (H3PO4), successive 
rinsing in deionised water and air drying at 100°C. 

The aim of the project was to conceive a 
capacitive anemometer in LTCC for an indoor slow 
flyer, in the form of a cantilever micro-force sensor 
fitted with a moustache extended in the air flow. 
The principle of speed extrapolation by capacitance

ment was demonstrated; however, the 
prototype is at its early development and need 
further research before being embedded on a plane. 
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