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(57) The pressure sensor consists of a substrate and a diaphragm joined together around the periphery so as to form a
chamber. The surface of the diaphragm facing away from the substrate 1s exposed to a medium whose pressure 1s to
be measured. To protect the diaphragm against corrosion or abrasion, the diaphragm surface exposed to the medium
1s covered with a layer of silicon carbide, preterably by chemical vapor deposition.
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ABSTRACT

M

PRESSURE SENSOR

W

The pressure sensor consists of a substrate and a dié-
phragm joined together around the periphery so as to
form a chamber. The surface of the diaphragm facing away
from the substrate is exposed to a medium whose pressure
js to be measured. To protect the diaphragm against cor-
rosion or abrasion, the diaphragm surface exposed to the
medium is covered with a tLayer of silicon carbide, pre-

ferably by chemical vapor deposition.
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Pressure Sensor

The present invention relates to a pressure sensor compris-
ing a diaphragm which is joined around the periphery to

a substrate so as to form a chamber, and whose surface
facing away from the substrate is exposed to a medium

whose pressure is to be measured.

In pressure sensors of this kind, the diaphragm is pre-
ferably made from a lLlow-cost spring material suitable for
economical mass production, such as ceramic, glass, quartz,
single-crystal material, or base metals. A material espe-
cially suited for the diaphragm is oxide ceramic, particu-
Larly alumina ceramic. The diaphragm materials used must

meet very different requirements which relate to the

following aspects in particutar:

1. the desired elastic qualities, such as creep strength,

hysteresis—-free operation, etc.;

2. the technique used to join the diaphragm to the sub-

strate, such as soldering, welding, fusion by glass



frit, or the Like;

3. the resistance to influences of the medium whose pres-
sure isto be measured, particularly corrosion and

abrasion resistance.

There is practically no diaphragm material which meets
all these requirements. Depending on the predominant Tre-
quirements in the various applications, pressure sensors
with different diaphragm materials must therefore be made
available, which adds to manufacturing andhwérehousing
costs. With respect to the other requirements, trade-offs

usually have to be made.

It is the object of the invention to provide a pressure
sensor of the above kind which, having a diaphragm made
from any of the conventional low=-cost spring materials,
which can be selected with regard to the desired

elastfic. qualities and the joining technique used, can be
mass-produced in an economical manner, the diaphragm hav-
a high resistance to influences of the medium whose pres-
sure is to be measured, particularly to corrosion aﬁd

abrasion.

To accomplish this, according to the invention, a layer

of silicon carbide is applied to the surface of the dia-

phragm facing away from the substrate.

The silicon-carbide layer applied to the diaphragm in
accordance with the invention is highly resistant to both
corrosion and abrasion. It thus acts as an anticorrosive

and antiabrasion layer, which prevents any chemically or
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mechanically aggressive medium from coming 1nto contact
with the diaphragm material proper. The diaphragm itself
can therefore be made from a conventional Llow=cost ma-

terial which can be selected with regard to other require-

ments, such as elastic gualities and joinhing tech-

nique used.

For the anticorrosive and antiabrastion layer of silicon
carbide, a thickness of about 1 to 10 um 1is sufficieét.
Silicon-carbide layers of such a thickhess can be formed
quickly, at low cost, and with good reproducibility by
coating the surface of the diaphragm with silicon car-
bide by chemical vapor deposition (CVD). This method has
been known for some time and is especially suited for
economical mass production. Since the deposition of sili-
con carbide by the CVD process takes place at tempera-
tures of about 1000°C, this method is only suitable for
coating diaphragm materials that can withstand this tem~-
perature, such as ceramics, quartz, single-crystal ma-
terials, and certain metals. Plasma enhanced chemical va-
por deposition (PECVD), a method which became available
only recently, makes it possible to deposit silicon car-
bide at much lower temperatures, namely about 100 to
ZOOOC, so that it is also suitable for coating less heat-
resistant materials, such as glass. If PECVD 1s

used, the diaphragm may be coated after the parts

have been assembled.

In any case, chemical vapor deposition results in sili-
con-carbide layers of high elasticity and Low flexural
‘rigidity which adhere well to all diaphragm materials and

have no or only very lLow residual stresses. Reactions of



silicon-carbide Layer on the diaphragm are therefore ne~-

gligible.

An essential advantage of the application of the silicon-
carbide layer by chemical vapor deposition consists 1in
the fact that a very dense coating i1s achieved on both
smooth and very rough surfaces, so that the silicon-car~
bide Layer is free of microcracks and imperfections.

Thus, even the rough surfaces of ceramic diaphragms can

be coated without first having to be polished.

As silicon carbide is a semiconductor, the silicon~car-
bide layer deposited on the diaphragm can be made elec-
trically conductive by suitable doping. It can then addi-

tionally be used as an electrostatic shield.

Further advantageous aspects and developments of the in-

vention are defined in the subclaims.

Further features and advantages of the invention will be-

come apparent from the following description of an embodi-

ment taken in conjunction with the accompanying drawing.
The single figure of the drawing shows a cross section

through a pressure sensor in accordance with the inven-

tion.

The pressure sensor 10 shown in the drawing has a dia-
phragm 11 in the form of a circular disk with plane-
paraltlel surfaces qhich is joined around the periph-

ery to acircular substrate 2 by a joining means 13. The
joining means 13 holds the diaphragm 11 at a defined dis-
tance from the substrate 12, so that a chamber 14 1s
formed between the surfaces of the diaphragm 11 and the

substrate 12 facing each other. The diaphragm 11 may be
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made of ceramic, glass, quartz, metal, or a single~crys~
tal material, such as single-crystal silicon. The sub-
strate 12 may also be of any of these materials, but the
materials of the diaphragm 11 and the substrate 12 may
differ. Preferred materials for the diaphragm 11 and
the substrate 12 are oxide ceramics, particularly alumina
ceramic. The joining means 13 is chosen to produce a
permanent and tight joint both with the material of the
diaphragm 11 and with the material of the substrate 1<.
The diaphragm 11 1is elastic, so that it can deform when
pressure is applied to it. The substrate 12 may be solid
and figid, but if desired, it may also be a flat elastic
disk Like the diaphragm 11.

Inside the chamber 14, those surfaces of the diaphragm
11 and the substrate 12 which face each other are pro-
vided with circular conductive metal Llayers 15 and 16,
respectively, which are separated by a predetermined
distance. The two conductive layers 15 and 16 constitute
the electrodes of a capacitor uhose capacitance depends
on the distance between the conductive layers. They are
connected by lLeads (not shown) to an electronic circuit
which generates an electric measured-value signal that

depends on the capacitance between the two electrodes
15 and 16.

In operation, the pressure sensor 10 is mounted so that
only the surface of the diaphragm 11 facing away from
the substrate 12 is exposed to a medium whose pressure
is to be measured. The diaphragm 11 is deformed to a de-

gree depending on the pressure of the medium, so that the
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distance between the conductive lLayers 15 and 16 and,
hence, the capacitance of the pressure sensor 10 change.
Thus, the measured-value signal generated by the electron-
jc circuit connected to the pressure sensor 1s a measure

of the pressure of the medium.

On the surface of the diaphragm 11 facing away from the
substrate 12, i.e., the surface exposed to the medium
whose pressure is to be measured, a thin Layer 17 of.
silicon carbide (SiC) is deposited. The thickness of the
layer 17 is about 1 to 10/1m. It is shown exaggerated for

the sake of clarity.

The silicon-carbide lLayer is resistant to corrosion by
acids, alkaline solutions, and solvents, mechanically
hard, and resistant to abrasion. It therefore acts as an
anticorrosive and antiabrasion layer against chemically
or mechanically aggressive media. Thus, the pressure
sensor 10 can also be used to measure the pressure of me-
dia which are chemically or mechanically aggressive, even
if the diaphragm 11 is made of a material which 1is not

resistant to such media.

A preferred method for depositing the silicon-carbide
Layer 17 is chemical vapor deposition (CVD), which 1is
generally known. By this method, thin silicon-carbide
Layers can be deposited quickly, at low cost, and with
good reproducibility. Since the deposition of silicon
carbide by the normal CVD process must take place at a
temperature of about 1000°C, this method is only suitable
for coating diaphragms of a material which resists this

temperature, such as ceramic, particularly oxide ceramic,
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single~crystal material, and certain steels. By plasma
enhanced chemical vapor deposition (PECVD), however,
silicon-carbide layers can be deposited at considerably
Lower temperatures of about 100 to 200°C. With the PECVD
process, therefore, the anticorrosive and antiabrasion
Layer 17 can also be deposited on diaphragms of glass or

other heat—-sensitive materials.

Both with the CVD technique and with the PECVD technique,
very firmly adhering and dense silicon-carbide layers
without microcracks and imperfections are obtained on
both smooth and very rough surfaces. Since unpolished
ceramic surfaces are very rough, these processes are
ideally suited for depositing the silicon-carbide layer
17 on a diaphragm 11 of ceramic without the surface to

be coated having to be polished in a separate operation.

The silicon-carbide Layer 17 deposited on the diaphragm
11 is characterized by high elasticity and low flexural
rigidity, and it is virtually free of residual stresses.
Its reaction on the diaphragm 11 is therefore negligible,

so that the properties of the pressure sensor 10 are not

impaired by the silicon-carbide layer 17.

If desired, the silicon-carbide lLlayer 17 may be doped so
as tobe electrically conductive. It may then additionally

serve as an electrostatic shield.
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CLAIMS:

1. A pressure sensor comprising a diaphragm which has a
peripnhery and which 1s joined around the periphery to a
substrate so as to form a chamber, the surface of the diaphragm
facing away from the substrate being exposed to a medium whose
pressure 1s to be measured, characterized in that a layer of
silicon carbide is applied to the surface of the diaphragm

facing away from the substrate.

2. A pressure sensor as claimed in claim 1,
characterized in that the silicon-carbide layer is applied by

chemical vapor deposition.

3. A pressure sensor as claimed in claim 1 or 2,

characterizedin that the silicon-carbide layer has a thickness

of about 1 to 10 um.

4 . A pressure sensor as claimed i1n any one of claims 1
to 3, characterized in that the silicon-carbide layer is made

electrically conductive by doping.

5. A pressure sensor as claimed in any one of claims 1

to 4, characterized in that the diaphragm is made of ceramic.

6. A pressure sensor as claimed in claim 5,

characterized in that the diaphragm is made of oxide ceramic.

mmanaa e T Ot 300 M AR STV b b b el b Mot 1] EAAMSAASSFAIT BAATE EL R+ ATl S ot S T e s A A b e L eI APV S SN AL § 5§ AL b L. AL Ak - PR AR} kB | 1k k¢ Py e,

T e T A M e AT A Y gy ‘e



i« A pressure sensor as claimed in cltaim 6, characterized

in that the diaphragm is made of alumina ceramic.

8. A pressure sensor as claimed in any one of claims 1

to 4, characterized in that the diaphragm i1s made of glass.

9. A pressure sensor as claimed in any one of claims 1

to 4, characterized in that the diaphragm i1s made of

quartz.

10. A pressure sensor as claimed 1in any one of claims 1

to 4, characterized in that the diaphragm 1s made of a

single-crystal material.

11. A pressure sensor as claimed in claim 10, charac-

terized in that the diaphragm is made of single-crystal

silicon.

2. A pressure sensor as claimed in any one of claims 1

to 4, characterized in that the diaphragm is made of metal.

Fetherstoniiaugr & o,
Ottawa, Canada
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