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= To develop high pressure sensors

Ceramic membrane Metallic membrane
assembly by welding
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Standard thick-film (TF) technology ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE
850°C

Substrate

Standard TF
deposited on common
steel
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= High temperature
resisting steel suitable
with standard TF process

= High temperature low temperature
TF system ‘ TF system
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Issues with low-temperature thick-films :coi: roLyrecunioue

FEDERALE DE LAUSANNE
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= Compatibility of thermal expansion
= Dielectric-resistor compatibility

= Adhesion

= Stability of the resulting circuits
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The substrates
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

A286 |17-4PH |17-4 PH
manufacturing machining -Machining(TP) -Machining(TP)
-MIM(membrane), | -MIM(membrane),
sintered@1340°C | sintered@1350°C
Thermal solution il il
treatment treated:1h30@
900°C
Quenched: 16h
@730°C
Temperature 625°C 625°C & 525°C | 625°C & 525°C
process for
Thick-system

N I° N

May 23, 2006

EMPS2006 — Terme Catez Slovenia

i

page : 6



Thick-film system

TCE of tested Substrates

I

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Alumina

HT steel

Ferritic steel
17-4 PH & HT
steel

Austenitic steel
A286
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(PpmM/K)
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Th iCk fi I m SYStem ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

System Firing Temperature

525°C 625°C 850°C
Dielectrics & Resistor Dielectrics

Based on V8 glass Based on V6 glass | Commercial dielectrics
85% PbO + 10% B,0, 75% PbO + 10% B,0, & Du 2041 resistor

+ 5% Si0, + 2% Al,O, +15% SiO, + 2% AlO,

¢ & ESL 3114 Resistor ¢
i ¢ HT steel
17-4 PH A 286
17-4 PH
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Conductor - Conductor

75um
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SCI‘een-pl‘i nting Seq uence ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

Dielectric

Substrate

Basic

structure
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ERTRRERIITS
rilf(:r:t EEN Il s
11T TEN |

S- U+ R2=: RL- RL+ RZ+

Transverse resistors

& o=
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Samples for characterisation ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

= Sheet resistance
= TCR measurement

= Gauge Factor
measurement

= Response
= Drift
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EIeCtricaI reSUItS E(_IOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE
Dielectric V6Q55 V8Q40
Conductor ESL 9912A ESL 9912A:V8
Resistor ESL 3114 V8 resistor
Res. Firing temperature 625°C 525°C
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Performance of cells under pressure  icow rorvreciviore

FEDERALE DE LAUSANNE

= HT cells (commercial TF system fired @ 850°C)
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Performance of cells under pressure
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

= A286 cells (commercial TF system fired @ 625°C)
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17_4 PH CeIIS (6250C TF System) ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

s 17-4 PH sintered @ 1340°C
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17_4 PH CeIIS (6250C TF System) ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

s 17-4 PH sintered @ 1350°C
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17-4 PH cells (525°C TF system) ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

s 17-4 PH sintered @ 1340°C
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17-4 PH cells (525°C TF system) Ec.m(!yﬂ!m

FEDERALE DE LAUSANNE

s 17-4 PH sintered @ 1350°C

800 100
0 <
700 - 80 .
o O : <
600 oo - 60 S
’2‘ oo O O é
E 500 D 5 40 ‘E
© 0o -
Ba00 g o o
(7)) &
200 1<Xxs © " -20
O . O =
100 p— - —— signal cycle 1
e (10 e e 0 —+— signal cycle 2
O fasthelee s v ¢ . . . —»— signal cycle 3

—¢— derive cycle 1
0 100 200 300 400 500 = dérivecycle 2

o (MPa) —— dérivecycle 3
LM B @

May 23, 2006 EMPS2006 — Terme Catez Slovenia page : 17



I

Su m ma ry ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

17-4 PH sintered
@1340°C_525°C
TF system

] Drift @140 bar (%)

17-4 PH sintered
@1350°C_625°C

TF system [ Span @ 40bar(mV/V)

17-4 PH sintered

@1340°C_625°C
TF system [LA
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i COI1C|USiOI‘IS and OUtIOOk ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE

s Excellent results on HT steel with commercial TF
system but too expensive

= Excellent electrical properties for semi-custom 625°C
firing system on common high-strength steels. But
stability under high loads must still be improved.

= Control of TCR of our resistors through additives
(CuQ, NiO, TiO,, Sb,05)

= Improve adhesion promoters

= Materials without Pb or precious metals
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FEDERALE DE LAUSANNE
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Thank you for your
attention!
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