
1                   EP 0 312 532 B1                      2 Description
According to one aspect of the present invention there is provided a sensor
for sensing differential BACKGROUND OF THE INVENTION
pressure in a fluid and for providing an output indica- tive of such
pressure, comprising: 1. Field of the Invention.                      5
diaphragm means for sensing the pressure, the diaphragm means being made of
a brittle semi- One aspect of the present Invention relates to a  conductor
or ceramic material having an outer rim and sensorfor sensing differential
pressure and, in partic-  having a deflectable region bounded by the rim
for de- ular, to batch fabricated differential pressure cells  flection by
the differential pressure; having diaphragms formed of brittle materials
which   10  a pair of inlet means, each having a hole ex- are provided with
overpressure protection, and       tending from an inlet region thereon for
conveying a mounted In a housing to insure proper operation at a  fluid
pressure from each inlet region to the diaphragm substantial range of
static line pressure. A further as-  means, the sensor being arranged for
sensing the dif- pect of the present invention relates to a method of
ferential pressure between the pressures conveyed making a pressure sensor.
15  from each inlet region; - -   a substantially planar support surface
adja- 2. Description of the Prior Art.                     cent the
deflectable region, the deflectable region having a surface which is
concave and which is sub- United States Patent No. 4,572,000 (Koolman)
stantially planar when a rated overpressure Is applied shows a pressure
sensor having a diaphragm of a   20  so that the deflectable region is
supported by said substantially non-hysteretic brittle non-metallic mate-
support surface when a rated overpressure is ap- rial which when at an
overpressure is flat against a flat  plied; and support plate. In this
patent, the diaphragm is bulged    sensing means disposed in the sensor for
outwardly from its support plate under an initial pres-  sensing the
deflection of the deflectable region and sure and made so that it will rest
against the support  25  for providing an output indicative of the
differential plate and be substantially flat when under maximum   pressure;
pressure.                                                 characterised in
that said surface of said de- Additional prior devices utilizing brittle
dia-  flectable region is concave when the deflectable re- phragms that
have edge support rims also are known,  gion is at zero pressure
differential and in that the de- wherein the sensing may be done by
capacitance   30  flectable region of semiconductor or ceramic material
sensing or using strain gages mounted on the dia-    has a pair of said
surfaces on opposite sides of the phragm itself.
deflectable region and a saidsubstantially planar GB-A-1088723 (Ether
Engineering) discloses       support surface is provided in each of said
pair of Inlet transducers of the. kind in which a diaphragm is used,
means, the outer rim being sealingly bonded between strain gages, such as
resistance strain gages, being   35   both said substantialy planar
supportsurfacestosur- bonded to or formed In one or more surfaces of the
round the holes. diaphragm. The diaphragm is clamped at its periph-
The present invention relates to pressure sensing ery.Atleastone main face
of the diaphragm is shaped  cells using a single silicon active diaphragm
which is so that the thickness of the diaphragm decreases pro-  constructed
so that the diaphragm is supported be- gressively at least over a region In
the sense from    40  tween flat support plates or members and is shaped
parts nearer the edge of the diaphragm to parts near-  to have concave
surfaces, at zero pressure differen- er the center of the diaphragm. The
region of maxi-  tial, each one facing one of the support members. The mum
strain is thereby moved away from the immedi-    concave surface is formed
so that at rest it is formed ate periphery of the diaphragm to a region
which is  precisely in the deflected shape of the diaphragm, so more
convenient for the positioning thereupon of an   45  that when the pressure
being sensed acts to move the appropriate strain gage.
diaphragm toward a support surface, the diaphragm US-A4578735 (Knecht et
al) discloses a capac-    surface facing the support will be flat and will
be fully itive sensing cell with a substrate and a diaphragm as-  supported
against the support. The full diaphragm sembly of a brittle semi-conductor.
The diaphragm    support prevents overstresses that may crack or assembly
and the substrate are anodically bonded to-  50   damage the brittle
material of the diaphragm. The dia- gether. A very shallow recess is formed
on either the  phragm is preferably made of material such as silicon,
diaphragm orthe substrate to accommodate a depos-    sapphire, germanium or
other semi-conductor or a ited capacitor plate. Two such assemblies are
con-   suitable ceramic material. nected together and the assembly is
filled with non-    A further aspect of the presentinvention provides
compressible fluid to slightly bow the diaphragms   55  a method of making
a pressure sensor comprising a away from the substrates. Differential
pressure be-  diaphragm made of a brittle semiconductor or ceram-
tweenthediaphragmassembliesissensedby detect-       i material and having a
deflectable centre portion ing the relative positions of the two diaphragms
surrounded by a supporting rim portion, and a sup- 2  



3                   EP 0 312 532 B1                 4 port layer fixed to
the diaphragm at an interface with  pressure is the average pressure on the
opposite the rim of the diaphragm, the support layer having a  sides of the
diaphragm, and in most instances static stop surface to prevent excess
deflection of the dia-  pressure of the order of [err] or [err] (several of
hun- phragm, the method Including forming a concavity in  dreds and even
thousands of pounds per square a face of the centre portion of the
diaphragm adjacent   5   inch: one pound per square Inch equals about 7 x
the stop surface so that the stop surface matches the  [err]) can be in the
lines leading to the differential shape of the adjacent face of the centre
portion of the  pressure sensor, while the sensed differential may be
diaphragm when at maximum deflection, the concav-  as low as 7 x [err] (one
pound per square inch). The ity being formed by applying a pressure to
deflect the  sensors are required to operate at static line pres- diaphragm
relative to the interface at the rim, to form   10  sures that vary from
low to high. Properly locating the a bulge in the adjacent face, removing
material from  regions where the sensor cells are clamped together. the
bulging adjacent face to render it flat and then re-  and controlling
theseal area that affects deflection of moving the pressure again so that
the adjacent face  the sensor, allows compensation for different static
with the material removed becomes concave.         line pressures to be
obtained by controlling and The method of the present invention solves the
15  changing the radial tension on the diaphragms, which problem of forming
the cavity in the surface of the sil-  in turn affects the diaphragm
stiffness, and thus its icon diaphragm facing the supports at the proper
deflection response to a given differential pressure shape, and does not
require forming orshaping a sur-  acting on the diaphragm. As static
pressure increases face of the support layer. The support layer is prefer-
the spacing between the diaphragm surfaces which ably made of glass and
when capacitive sensing is  20  form one sensing capacitor plate and the
associated used such glass support layers will have metal capac-  support
surface which has the other capacitor plate itor plates deposited thereon.
on it, changes in that these surfaces tend to separate The concave
diaphragm surfaces are preferably   as the static pressure increases. By
damping the cell formed in batch processes, that Is forming several  in its
housing so the diaphragm radial tension de- diaphragms on a wafer onto
which the support discs  25  creases, at the same time, compensation is
possible. are bonded. After forming, the wafter and support      All of the
sensors can be made in batch process- discs may be cut up into individual
cells.         es for cost reduction. Batch processes generally en- The
diaphragm surfaces can be formed by de-     vision the use of a wafer of
semi-conductor that will flecting the diaphragm under pressure. during
manu-  have several of the diaphragms formed on the wafer facturing, and
lapping or grinding the opposite sur-  30  during the processing steps, and
bonding the wafer or face flatwhile the diaphragmis underpressure. When
discs of glass which form the support plates, and then the pressure is
removed a cavity with exactly the de-  cutting the wafer into individual
sensor cellswhen the sired shape is produced on the surface that was lap-
processing is completed. ped or ground. The opposite side of the diaphragm
from the one   35   BRIEF DESCRIPTION OF THE DRAWINGS having the convex
shape can then be processed in the same way to have a second concave
surface          Figure 1 is a schematic perspective view of an formed on
the diaphragm.                             embodiment of a sensor cell
according to a first The diaphragms in each form are used for sens-
aspect of the present invention showing a back- ing differential pressures
and when pressure is ap-  40  ing structure for the sensor cell in
position; plied to one side of the diaphragm it will move toward  Figure 2
is a schematic view showing the device a provided support plate surface and
the diaphragm     of Figure 1 clamped in a housing and schemati- surface
will be flat when It contacts such support sur-  cally showing isolator
diaphragms for transferring face, to thereby be fully supported against
excessive  pressures to the sensor cell; overpressures.
45       Figure 3 is a sectional view through a typical dia- The sensing
cells are clamped into housings         phragm and support plate showing an
initial stage comprising massive structures of a material with a    of
manufactureinabatchprocess butillustrative matching temperature coefficient
of expansion          by showing only one cell; matching that of the
pressure sensing cells to hold the  Figure 4 is. a sectional view
substantially the cells together and maintain compression on the cell   50
.  same as Figure 3 showing a further step in man- perimeters. The clamp
structure also has passage-      ufacture; ways to admit pressure to the
assembly, and by prop-   Figure 5 shows a finished individual sensor sec-
er selection the clamp structure or housing configur-    . tion or sensor
half suitable for use in the embodi- ation can provide mechanical
compensation forspac-     ment of Figure 1; ing changes of the diaphragm
that occur under differ-  55  Figure 6 is a further view of an assembly of
a ent static pressure conditions of the pressures being  pressure sensor
cell made utilizing two of the sensed. This compensation technique is
useful for      sensor portions shown in Figure 5; sensors which are
capacitive sensors. The static       Figure 7 is a sectional view of a
diaphragm and 



3    EP 0 312 532 B1 support plate forming a half of a sensing cell suit-
mits pressure through piping 27 to the passageway In able for use in the
embodiment of Figure 1; -   the center of the cylinder 11 and thus to one
side of Figure 8 is a sectional view showing two of the  the diaphragm in
the cell 10 aswill be shown. The iso- diaphragm and support plate
assemblies of Fig-  lation diaphragm 25 is subjected to the direct pres-
ure 7 assembled into a pressure sensing cell;  5   sure P1 indicated by
arrow 14 in Figure 2 as well. The Figure 9 Is a sectional view of an
embodiment of  isolator 30, as shown, has an isolation diaphragm 31 a
typical batch process arrangement for making  and this isolation diaphragm
is mounted on a suitable sensing cells according to a second aspect of the
support or block 32 to definea chamber 33 that is fil- present invention;
led With an incompressible fluid which fills a line 34 Figure 10 is a
sectional view showing the device   10  leading to a central longitudinal
opening in the cylin- of Figure 9 in a further step of manufacturing  der
12 that is clamped against the opposite side of the pressure sensing cells;
sensor cell 10 from cylinder 11. The pressure P2 in- Figure 11 is a
sectional view showing a step of  dicated by the arrow 15 thus also acts on
the dia- mounting a partially formed diaphragm onto a    phragm 31. The
differential pressure between pres- support plate;
15  sures P1 and P2 will be sensed by the sensor cell 10. Figure 12 is a
further step in the process forming  One method of making a sensor cell
with a single a diaphragm according to the second aspect of   deflecting
pressure sensing diaphragm using brittle the invention;
materials such as silicon or other semi-conductors for Figure 13 shows a
wafer having diaphragms       the diaphragm is shown in Figures 3-6. The
complet- formed after performing the step of Figure 12;    20  ed sensor
cell 10 is shown in Figure 6 in exaggerated Figure 14 is a sectional view
of a batch of com-  detail. It should be noted that the drawings are not to
pleted sensor cells after bonding a second sup-  scale nor proportional as
they would be in an actual port plate in place according to the second
aspect  device. The thickness of the layers and depth of cav- of the
invention;                               ities and recesses is greatly
exaggerated for clarity of Figure 15 is a sectional view through a sensor
as-  25  illustration. sembly showing a preferred clamping arrange-
The cell 10 is made in batch process. A wafer of ment of the sensor cells
disclosed herein to an  silicon indicated generally at 40 is processed to
pro- outer housing; and                              vide a plurality of
diaphragms but only one such dia- Figure 16 is a fragmentary sectional view
of    phragm is shown in detail. modified clamping housing arrangement.
30      The wafer 40 is etched to form recesses 42 in de- sired locations,
asshown and the recessesform thin- DETAILED DESCRIPTION OF THE PREFERRED
ner deflecting diaphragm 43 supported by. rims 44 EMBODIMENTS
which are cut out of the wafer when the batch process is completed and the
Individual cells 10 are separated Figure 1 illustrates a single diaphragm
differen-  35  out.. The individual cell periphery for one-half of a cell
tial pressure sensor cell indicated generally at 10 that  is indicated by
solid lines in Figure 3. is placed between a first housing support cylinder
The wafer 40 is placed on top of a glass disc 45 member 11 and a second
housing support cylinder    that may be made of borosilicate glass such as
Pyrex member 12. Each cylinder is made of glass, such as  (registered trade
mark). The glass disc 45 is provided Pyrex (registered trade mark), or
other suitable ma-  40   with a plurality of passageways or openings 46
there- terial, and has an opening or passageway extending  through in
position to be in registry with the recesses along the central axis for
admitting to the cell two  42 on the wafer 40. The glass discs 45 are
metalized pressures represented as P1 by arrow 14, and P2 by  in a known
manner to form thin layers of metal within arrow 15. The sensor cell 10 is
clamped between the  the periphery of recesses 42. The metal layers form
cylinders 11 and 12 generally as shown in Figure. 2.  45  capacitor plates
47 for capacitive sensing of dia- The clamp can have end caps or frames 20
and 21     phragm deflection.The openings 46 have a metalized held together
with bolts 22 to clamp the cylinders 11  layer 46A extending therethrough
to a metal layer 48 and 12 against the sensor cell 10. In Figure 2, also
on the opposite side of the glass disc which can be schematically shown are
first and second isolators 24  used for attaching electrical leads to the
capacitor and 30 which are used for transmitting, in a known   50  plates
47 when the Individual sensor cells have been manner, pressures to the
sensor cell 10 through the  formed. The metal layer 46A In the openings
conduct passageways in cylinders 11 and 12, respectively,  electrical
signals from the capacitor plates 47 to the without subjecting the sensor
cell diaphragm to the  respective layer 48 that can be used for attaching
pressure media to be sensed.        . .           suitable leads such as
that shown. at 49. The dia- Pressure isolation is a well-known technique,
and   55   phragm assemblies -are thus in registry with a rigid as shown,
the isolator 24 includes an isolation dia-  base support, layer 50 that Is
formed from the disc 45 



phragm 25 that encloses a cavity 26 containing;a non-  made of glass.
compressible fluid such as a silicone oil that trans-  The wafer and glass
disc are bonded together, 4    EP0312532B1                    8 using
anodic bonding or other bonding techniques, so  wafer before the bonding
takes place. The glass frit that there is a bond beneath the rims 44 of the
dia-  is used to bond the facing surfaces together as the phragms and the
glass disc to enclose the recess or  surfaces 43C remain flat Thus;
controlling the pres- cavity 42 and provide an opening thereto only through
sure from sources 57 and 58 (which may be one the opening 46.
5   source If desired) Is important while the bonding In Figure 4, a
further step in the process of mak-  takes place. ing the sensor cells-is
shown, wherein pressure is ap-  After the bonding material has set,
the-pressure plied as Indicated by the arrow 51 to each of the open-  from
sources 57 and 58 will be released on dia- ings 46 (several openings in the
glass disc would be  phragms 43. The bond material 56 will hold the dia-
pressurized at once), and In this way bow out the orig-  10  pfiragms!43 of
the wafers to form for each cell, a sin- Inal diaphragm section or thin
section 43 that is in rag-  gle, unitary diaphragm indicated at 63 that
have sur- istry with the recess 42. The diaphragm assumes the  faces'43A
held in a concave shape facing the respec- deflected shape generally as
shown by the curved  tive flatasupport layers 50. The concave shape corre-
line 43A, and the dotted line 43B that Is formed as the  sponds to the
deflected shape of the diaphragm 63. diaphragm is bowed outwardly. The
pressure is held  15  The pressure used to bow the diaphragm sections 43 to
keep the diaphragm 43 bowed, In its bowed shape  while bonding takes place
will be selected to take Into caused by the pressure that is applied. Then,
the ex-  account the fact that the single diaphragm 63 is dou- ternal
convex portion outlined by dotted line 43B will  ble thickness when
assembled. The concave portion be lapped or ground off so that there is a
flat surface  of the diaphragm Is surrounded by a shallow notch at 43C
formed across the entire wafer while the dia-  20  the edges of cavity 42,
at the center portions of the phragms remain under pressure.
diaphragm. When the pressure represented by the arrow 51      The wafers
and glass discs are then cut up to is released, the deflecting diaphragms
43 relax and  form individual sensor-cells 10. The diaphragm spae assume
the configuration shown in Figure5, with the  ing from the support base or
plate, member 50 is surface 43C then forming a concave surface.: The   25
shown to be exaggerated in the sensor cell of Figure surface 43A will
assume its original substantially flat  6, but when the pressure on one of
the sides of the configuration. Because the wafer material Indicated
sensor cell is exceedingly high,.the opposite surface by the dotted lines
43B will have been removed, the  43A will move toward the associated
support base to concave shape of surface 43C In the center portions  rest
against the support base 50 and the capacitor of the deflecting diaphragm
is the reverse image.of  30  plate 47 formed thereon. The diaphragms 63
thus are the outwardly bowed configuration of the diaphragm
supported.against'the flat surface of the support bas- when under pressure.
es and surfaces 43 are flat when under rated over- A plurality of cell
halves indicated at IOA are thus  pressure. The stress in'the diaphragm 63
does not ex- formed on a single wafer and bonded glass disc.. A  ceed the
allowable stress and, the diaphragm .63 will second identically made wafer
and glass disc Is also   35  be fully supported across its entire surface.
made. To complete the processing of the sensor cell,  The diaphragm shapes
and deflections. in Fig- two wafers having Identical cell halves I OA and 1
OB  ures 3-6 are greatly exaggerated for illustrative pur- are placed
together as shown In Figure 6 with the sur-  poses, but the diaphragms are
formed as disclosed faces 43C of each cell half IOA and IOB facing each  so
that they have concave surfaces facing the two other. A layer of glass frit
or other suitable bonding   so  support bases 50 for the diaphragm that are
Identical material Indicated at 56 is placed betweerr the facing  to the
deflected shape of the diaphragm at a desired surfaces of the wafers
carrying sensor cells I OA and  pressure, so that when such pressure is
applied to the I OB.                                              opposite
surface of the diaphragm 63 the surface 43A The surfaces 43C are returned
to their flat con-  facing the respective support base 50 will be substan-
figuration as shown in Figure 4 by applying equal  45  tially parallel to
and rest flat against the support base pressures through the respective
openings 46 on the  when it contacts the support base.. The diaphragms
glass discs forming the bases for the two cell halves.  contact the support
base to prevent excess stress in As shown in Figure 6, the surfaces 43C are
held flat  the diaphragm 63 under overpressures. and parallel with the
glass fritmaterial 56 between the  The. pressures represented by. arrow 51
and surfaces. The two wafers 40 can be held together in  5o  sources 57 and
58 will be selected to be pressures a suitable fixture (not shown) to clamp
the wafers In  that would shape diaphragm 63 for slightly more than place
with a force represented at F while with the  the maximum usable pressure
range of the sensor glass frit material between the facing surfaces. Pres-
diaphragm 63. Then the concave shapes of the sur- sure is applied to the
diaphragm with a suitable hous-  fqces 43A will be appropriate so that the
diaphragm 



Ing that overlies the openings 46, and equal, control-  us  63 will operate
across the desired range of pressure led pressures from sources 57 and 58
are provided to  but will become substantially flat and touch the re-
deflect the diaphragm portions, so the facing outside  spective support
base member 50 before being over surfaces 43C are flat on all of the
diaphragms on a  stressed. Again, the spacing of the diaphragm sur- 5    9
EP 0 312 532 B1                 10 face from the support base is shown
exaggerated in     Surfaces 77C that face the flat surface of the re- the
drawings. The capacitor plates 47 and the center  spective support bases 75
have a concave shape that portion of-the diaphragm are sufficiently
electrically  is the deflected diaphragm shape when under a pres-
cbnductive to permit capacitive sensing.           sure selected to provide
the desired shape. In use, In Figures 7 and 8 a modified sensor cell is
ilMu-   5   when the pressures on the cell halves are unequal, for strated.
A half cell is shown in Figure 7, and the half  example if pressure from
source 90 acting on cell half cells are formed in a batch process utilizing
a silicon  87B reduced and pressure 89 was increased beyond wafer 40 and a
glass disc 45 formed as described in  the desired pressure, the
differential pressure would relation to Figure 3. The half cell comprises a
support  be ata level so that the diaphragm assembly93 would plate or base
75 made of suitable glass, and a sensing   10  deflect and a surface 77C of
cell half 87B would be diaphragm assembly 76 made from wafer4O. The dia-
deflected to rest against the surface of the support phragm assembly 76
includes a deflecting, pressure  base 75 for the cell half 87B. The surface
77C would sensing diaphragm portion 77 made by forming a re-  be supported
on the facing surface of support base cess 78 using known techniques, such
as etching. A  75 and would be substantially flat when it rested on
peripheral rim 79 is formed forsupporting the deflect-  i5  the support
base. The sensing diaphragm 93 thus will ing diaphragm at its edge. The
support base 75 has  be fully supported across its entire surface under a
capacitor plate 82 deposited thereon, and a passa-  overpressure when the
diaphragm surfaces are shap- geway 83 is open to the cavity 78 under the
deflecting  ed as shown. diaphragm 77. Passageway 83 is coated with metal,
The diaphragm assembly 93 is formed of two dia- and a layer of metal 84 is
formed on the opposite side   20  phragm portions 77 bonded together, so
the in- of the glass disc 75 from the capacitor plate 82.  creased
stiffness of the assembly is taken into ac- The glass support plate or base
75 and the silicon  count when selecting the pressures 89 and 90 for de-
diaphragm 76 are bonded together at the rim 79, and  fleeting the diaphragm
portions 77 prior to bonding. before separating out the individual half
cell portions  them together. which are shown in Figure 7, the silicon
wafer. is lap-  25  It should be noted that although the sensed dif- ped or
ground to remove material indicated in the dot-  ferential in pressure on
the diaphragms may be In a ted line portion .85 in Figure 7 so the
diaphragm por-  relatively low range, the total-static line pressure ap-
tion 77 is to be reduced to the desired thickness..  plied through the
isolation diaphragms as represent- Two silicon wafers and glass disc
assemblies,   ed by Pi and P2 in Figures 1 and 2, can be quite high, each
having a plurality of half cells formed as. shown   3o  and actually in the
range of 4OPa (several thousand in Figure 7 thereon are placed in overlying
registry  psi) in. use. with a layer of bonding material between them.
Indi-   As shown in Figure 8, cellassembly 87, which has vidual, Identical
half cells are then in registry. posi-  a single (but composite) diaphragm
having leads In- tioned as shown at 87A and 87B In 'FIgure 8. The wa-
dicated at 94-and 95 coming from the respectively ca- fers and glass discs
are held in a suitable fixture and   35  paector plates 82 and the
deflecting diaphragm por- the half cells 87A and 87B are placed
under-pressure  tions 77. The deflecting diaphragm is sufficiently con-
from sources indicated at 89 and 90,. respectively,  ductive or at least it
has conductive portions sufficient through the openings 83 In the half
cells, to .cause the  to permit capacitive sensing of deflection. The
plates deflecting diaphragm portions 77 to bow.out under  anddiaphragm
portion will provide capacitive signals pressure and to compressthe bonding
layer9l, which   40  Indicating the spacing between the plates 82 and the
in the form shown Is a resilient or flowable material,  adjacent diaphragm
portion surface. Suitable known such as a molten glass frit, or a resilient
material that  circuitry can be used. When the diaphragm portions will set
and become rigid after curing. The fixturing  77 of the two cell halves are
separated by an insulat- applying the holding force F is suitable for
clamping  ing bonding layer, the leads 95 can be used for indi- the wafers
and glass disc assemblies together with  45  cating individually the
capacitance in the respective the bonding material 91 between the two.cell
halves  cell halves with respect to the capacitor plate 82 that 87A and
87B. The pressures from sources 89 and 90  underlies that diaphragm portion
77. (which would be held to be equal) are. maintained, at  Again, the
diaphragm portions form a single dia- a desired level.
phragm assembly 93 for sensing differentials in pres- Because each
deflecting diaphragm portion *7 is  so  sure acting on the opposite
surfaces. The surfaces independent of the other, facing deflecting
diaphragm  facing the support bases 75 are shaped so the sur- portion 77,
the diaphragm portions bow toward each  faces conform to the deflected
shape of the sensing 



other. The material 91 flows to accommodate this    diaphragm assembly 93
at a desired pressure. When bowing or deflection and then is caused to set
or hard-  the diaphragm 93 is supported under overpressure, en to bond the
diaphragm assemblies 76 together  56  the surface supported against Its
respective.support with the deflecting diaphragm portions.77 held In their
bpse 75 will be substantially flat against the flat sur- deflected shape as
shown in Figure 8 to form a single  face of the support base 75. sensing
diaphragm 93.                  .. .            A modified sensor cell such
as that shown at 10 6    11                  EP 0 312 532 B1
12 is disclosed In connection with Figures 9-14.1n this  up into individual
sensor cells as shown with dotted form of the Invention, batch processing
again is utlP-  lines 104 in Figure 11. Each one of the sensor cells is
lied, but the steps of manufacture are somewhat dif-  indicated at 121. The
concave surfaces 102Aoverlie f&ent.
provided openings 122 that are formed In the glass Referring to Figure 9, a
silicon wafer indicated   5   disc 120. The openings 122 are surrounded by
shal- generally at 100 is prepared by forming recesses or  low recesses
122A on the surface of the glass disc cavities 101 at desired locations to
provide a thinner  facing the silicon wafer. The recess insures that the
diaphragm section 102 in registry with these recess-  wafer Is not bonded
to the glass disc in the area where es. The recesses also form rim portions
103 sur-   the diaphragm is formed. However, the anodic bond- rounding each
of the diaphragm sections. The rim   io  ing holds the surface 1020 of jin
sections 103 bond- portIons 103 are divided when the individual sensor  ed
to the glassdisc120,sothatthecavitiesindicated cell halves are cut out of
the wafer as shown generally  at 124 beneath each of the surfaces 102A
forms a by the dotted lines 104. When divided up aiorig lines  pressure
tight cavity: 104, diaphragm assemblies 105 will be formed, hay-    In the
next step, the recesses 101 that Initially ing a rim supporting the
deflecting diaphragm por-  i5  were formed in wafer 100 were removed by
grinding tions 102 at their edges. The diaphragm portions can  away the
part of the rim portions 103 between the be substantially square or round
In plan view.     cavities 101. The assembly of wafer 100 and glass The
silicon wafer 100 has several of the dia-
disc120isshowninFigure12withaflatoutersurface phragm sections 102 formed
thereon and it Is then  126 on the silicon wafer 100, and therefore with
the mounted on to a metal tool plate indicated at 110 that  20  silicon
wafer substantially reduced in thickness, has a plurality of fairly large
openings 111 therein.  shown by dimension 125, for example, in the range of
Each opening 111 is positioned to align with one of the  1.32mm (5.3 mils)
in total thickness, with a minimum respective cavities 101 formed beneath
the dia-    thickness in the diaphragm portions 102 overthe cav-. phragm
sections 102 on the silicon wafer..Awax layer  Ities 124 of about 1.20mm
(4.8 mils). is placed between the surface of the silicon and the   25  The
bonded assembly of the silicon wafer 100 nietal to provide a seal. A
manifold shown schemati-  and the Pyrex (registered trade mark) or glass
disc cally at 116 Is then placed over the surface 115 of the  120 will then
befurtherprocessedby-applying apres- metal tool plate and is sealed with a
seal 11 6A to pro-  sure to each of the openings 121 (through the use of
vide pressure from a source 116B in each of the cav-  a manifold such .as
manifold 116) causing the thinner ities 101 through openings 111 tothereby
bowthe dia-  30  diaphragm portions 102 to bow outwardly as shown phragm
sections outwardly as shown in dotted line at  in. dotted lines at 102E in
Figure 12. The surface 126 102B in Figure 9. The metal tool plate and wafer
are  is lapped or polished flat while the pressure is being held together
with the manifold using suitable -fixturr  maintained in cavities 124. This
pressure will be less Ing. The outer surface of the silicon wafer 100 Is
then  than the pressure used in the first step because the lapped (or
polished).flat while pressure is maintained   35  diaphragm portions are
thinner, after having been in the cavities 101. The thickness of the
silicon wafer  ground and lapped to the desired thickness prior to
represented by arrow 117 is about .3,12mm (12.5    pressurizing the
openings 122 In glass disc 120. mils). When the pressure from source 116B
is re-       When the pressure is thereafter removed from leased, the
diaphragm portions 102 will assume the  the openings 122 and cavities 124,
the deflecting dia- configuration shown in Figure 10, with an upper sur-
40  phragm sections 102 will go back to their original pos- face that has
concave surface portions 102A, each  Ition. This will leave concave
surfaces 102C on the forming a thinner diaphragm section. The surface
opposite side. of the diaphragm section 102 from the 102D is polished to
reduce the depth of the cavities  surfaces 102A. Surfaces 102C also
substantially 102A and also to provide a polished surface to which  conform
to the deflected diaphragm shape when the glass can be anoldally bonded.
The concave shape   45  deflecting diaphragm is subjected to pressure. As
then substantially conforms to the deflected shape of  shown in Figure 13,
the surface 126 will be polished the diaphragm at the pressure that is
provided during  to bring the thickness to about i .22mm (4.9 mils) as the
lapping operation. The pressure range from pres-  indicated by dimension
128. Aluminium oxide can be sure source 11 6B generally would be in the
range.of  used for a lapping or polishing agent. 3.5 x lO5Pa (50 psi) fora
7x lO4Pa (10 psi) differential  50  Thus, the deflecting diaphragm portions
102 



pressure sensor.                  .      , -       have curved surfaces on
opposite sides forming a re- After lapping and polishing the surface 102D
the  duced thickness center section. silicon wafer 100 has a dimension
shown at 118 of     In the. final step of forming sensor cells in this
about2.87mm(11.5mils).Thewaferisremovedfrom        form of batch. process,
a second glass disc 130 is metal tool plate 110 and the previously.polished
sur-  55  anodically bonded to the surface, 126 of wafer 100. face 102D of
wafer 100 is anodically bonded to a Pyr-  Tils second glass. disc 130 also
has openings 132 ex (registered trade mark) disc 120 that will form in-
leading to each of the surfaces 102C, and when the dividual sensor support
bases when the layers are cut  disc.130 bonded In place, it can be seen
that thereis .7    13                  EIP 0 312 532 B1                14 a
cavity 134 formed on the opposite side of the silicon  While the-physical
proportion of the sensor cells wafer from the cavities 124. These are
shallow re-  shown in Figures 15 and 16 for example is not fol- cesses 132A
surrounding openings 132 to insure the  lowed specifically in the other
figures, the-non-scale strface 102C does not bond to the glass disc 130.
showings are for illustrative and explanatory purpos- The sensor cells are
then cut up along the dotted   5   es. It should be understood that-the
size (area) of the lines indicated at 135 to form individual glass bases
sensor cell 10 Is approximately 1.3 x 10-4m2- (11 x 131 and 121 with a
diaphragm assembly 105 sand-    11mm square) [.2 square inches. (.45 x .45
inches wiched between them. The diaphragm assemblies      square)J, and the
overall length of the sensor assem- 105 have deflecting portions 102
supported at rim  bly shown In Figure 15 may be In the range of 2Smmn
members 103.                                   io  (one (1) inch), although
the illustrations ate at sche- The pressure used for lapping or polishing
the  matic scale for illustrative purpose. bowed surfaces has to be
controlled so the bowed    a In afirst form of housing, the sensor- cell 10
is surface is not merely pressed flat. The lapping force  shown positioned
between cylinders or blocks 11 and is controlled relative to the pressure
acting on the dia-  12 as shown in Figure 1. The schematic showing of
phragm, so the net force is proper. If the pressure me-  1s  Figure 2 is
similar. The Input pressure tubes 27 and dium acting on the diaphragm is
liquid and Is trapped  34 pass through end caps 150 and 162, respectively,
In place (sealed off) at the appropriate pressure, then  and the tubes 27
and 34 are sealingly fitted In to pro- the concern over the lapping force
is no longer nec-  vide openings or pressure passageways In the Pyrex
essary because the liquid would not let the diaphragm  (registered trade
mark) or glass mounting cylinders flatten out.                           .
20  11 and 12. The individual sensor cells 136, when cut -out  The pressure
is carried completely through the Pyrex v   along the lines 135 are formed
into square sections  (registered trade mark) cylinder. Suitable sealing
and the sensor cells are similar to the cells .10. The  members for the
input pressure tube can be used as. cells 138 can be sandwiched between
support or     Indicated at 151 and 153. housing cylinders 11 and 12 as
shown in Figure 1 for  25  Pressure to be sensed is thus carried to the op-
sqnsing differential pressures.                     posits sides of the
sensor cell .10 through. the glass Here, too, the shaped diaphragm surfaces
102A   mounting cylinders or.blocks 11 -and 12 and through and 102C are
such that they have substantially the  the provided openings in the sensor
cell, for example concave shape of a deflected diaphragm facing the  the
openings 46 in the sensor.support bases 50 for respective support base 121
or 131, so that when dif-  30  the first form of the.invention. ferential
pressure is applied, for example, .in cavity  In-this form of the
invention, the glass mounting 134, and it reaches a maximum desired
overpressure,.  cylinders 11 .and 12 clamp the sensor cell 10 around the
surface 102A will be substantially flat.as it rests  its periphery.
utilizing sealing and force transmitting against the facing surface of Its
respective support  sypport rings.. 155, 155 on opposite sides of the cell
base 121.                                     35  that provide a clamping
force F.. The seals 155.form The opposite action occurs If the pressure- in
small, very thin chambers 156 and 157 between the chamber 124 is greater
than -maximum allowable      outer surfaces of the cell 10 and the
respective ends overpressure than that in chamber 134, because then  of
mounting cylinders 11 and 12. The pressure in the the surface 102C will
rest flat against the support  tubes 27 and 34, respectively, will be
present In block 131. Sensing of diaphragm deflection can be   40  chambers
156 and 157 on opposite sides of the sen- selected as desired. As shown
surface 102A has     sor cell and thus the pressures act on the glass sup-
strain gage resistors 137 doped thereon to sense    port bases 50 of the
cell (or the glass support base of such deflection. Both surfaces 102A and
102C.may   the other forms of the cells shown as well). The spac- have such
strain gage resistors, or the glass support  ing.between the support bases
50 and the respective bases may have deposited capacitor plates thereon
45   mounting block is small enough so that when subject- for capacitive
sensing, if desired.                 ed to excessive differential pressure
the glass bases Figure 15 shows a preferred form of clamping    will be
supported on the end of the adjacent mounting etch of the individual sensor
cells such as that shown  cylinder 11 or 2 to prevent damage under high
over- 



at 10. Other sensor cells shown in the previous fig-  pressure. ures are
separately numbered, but cell 10 is to. repre-   5o  The. support or
housing cylinders 11 and 12 sent generically the forms of sensor cells
disclosed.  (made of Pyrex (registered trade mark) glass) -have The sensor
cells are fixed between the.cylinders 11  the same coefficient of thermal
expansion as the and 12 In a manner which maintains the integrity-and
glass support bases 50 and this helps in maintaining rigidity of the sensor
cells by providing adequate  stability underdifferenttemperature
conditions. backing and as will be explained, the mounting cbn.be  55  The
end cap 150 acts against the base of the cy- made to provide compensation
for differences in    linderl .11through a Belleville spring .160
of-suitable stresses on the diaphragm of the sensor cell under  spring
rate. The end cap 152 can act through a suit- different static line
pressure conditions. .       able gasket 162 to -hold the mounting
cylinders and 8    15                  EP 0 312 532 B1                 16
cell 10 In position. The clamp is set at a level which  ranged for sensing
the differential pressure be- keeps the sensor cell In compression in use..
tween the pressures conveyed from each Inlet re- Tension carrying bolts 163
are provided for hold-  gion; inr the end caps 150 and 152 together and
provide           a substantially planar supportasurface ad- the necessary
damping force. Asemi-conductor chip   5  jacent the deflectable region, the
deflectable re- 164 maybe mounted on one of the glass mounting cy-    gion
having a surface (43A, 7*7C, 102A, 102C) finders and may comprise
capacitive sensing circuitry  which is concave and which is substantially
pla- coupled to the sensor with leads 165.                  nar when a
rated overpressure is applied so that Amodified form of the sensor assembly
Is shown     the deflectable region (43, 77, 102) is supported In Figure 16
and in this case the end caps 150A and   10  by said support surface when a
rated overpres- 152A are used, and they are held together with a      sure
is applied; and sleeve 170 thatis welded in placetto theend capswith
sensing means disposed in the sensor for a sealing weld 171 at each end.
The sleeve 170 is   * sensing the deflection of the deflectable region
placed under tension for preloading before welding     (43, 77, 102) and
for providing an output Indica- and held undertension when welded in place
to clamp   is  tive of the differential pressure; the end caps against
mounting cylinders 11 and 12           characterised in that said surface
(43A, under compression when the tension load sleeve 170  . 77C, 102A.
102C) of said deflectable region Is is released after welding. Compression
Is mounted on   concave when the deflectable region Is at zero the sensor
cell during use. A hermetic seal Is formed  pressure differential and in
that the deflectable by the welds 171 around the periphery of the end   20
region of semiconductor or ceramic material has caps 150Aand 152A.
a pair of said surfaces on opposite sides of the The glass cylinders 11 and
12 as shown in Figure   deflectable region and a said substantially planar
16 supports the glass. support bases 50 of cell 10    support surface, Is
provided in each of said pair of. across their entire surface with a glass
frlt 173 placed  inlet means, the outer rim being sealingly bonded against
the support bases 50, to provide the damping   25  between both said
substantially planar support fqrce from tension in tube 170 (or other
damping       surfaces to.surround the holes. members) across the entire
exposed opposite surfac-       .  . . es of the sensor cell 10. Likewise,
brazing indIcated  2. A sensor as recited in Claim 1 wherein the sens- at
174 can be used across the entire end surface of   ing.means is a strain
gauge disposed on the dia- the glass cylinder 12 for holding the cylinder
12 in  30  phragm means (63, 93, 105). place. The tube 170 can have a
suitably electrical feed-  3. A sensor as recited in Claim .1 wheren the
sens- through 175 to carry electrical signals from a .semi-  ing means Is a
capacitive means comprising a conductor chip 176 attached to one of the
glass       fixed conductive capacitor plate '(47, .82) dis- mounting
cylinders which, again, can have capacitive   35    . posed on a support
surface capacitively coupled sensing circuitry thereon. The chip is coupled
to. leads  to a conductive portion on the. deflectable region 177 from the
sensor cell 10. The leads.on the sensor  (43, 77)-to provide a capacitance
indicative of dif- cell are connected to circuitry on the.chip 176 in a
ferential pressure. conventional manner. 40  4. A sensor as recited in
Claim 2 further comprising: *    a pair of. flexible Isolator diaphragms
(25, Claims                                   .             31) sealing
attached to the. Inlet regions sur- rounding the holes for isolating the
sensor means 1. A sensor (10) for sensing differential pressure in  from
the fluid; and a fluid and for providing an output indicative of  45    a
dielectric substantially incompressible such pressure (PI-P2), comprising:
.   .          fluid substantially filling the space between the 



diaphragm means (63, 93, 105) foreens.-      isolator diaphragms and the
diaphragm means ing the pressure, the diaphragm means being        for
transferring pressure from the isolator dia- made of a brittle
semiconductor-or ceramic ma-     phragms (25, 31) to the diaphragm means.
terial having an outer rim (44,79,103) and haying   so a deflectable region
(43, 77, 102) bounded by-the  5. A sensor as recited in Claim 1 wherein
said sen- rIm (44, 79, 103) for deflection by the differential  sor
comprises .a pair of sensor cell half portions pressure;
(10A), each of said half portions (IOA) comprising a pair of Inlet means
(11, 12 50, 75, 120,    one-half of the diaphragm means. and one of the
130), each having a hole (27, 34; .46, 83, 122,  ss  surfaces having a
concave shape (43A), two of 132) extending from an Inlet regin. thereon for
said sensor halves being bonded together to form conveying a fluid pressure
from each Inlet region  ; the.diaphragm means (63). to the diaphragm means,
the sensor being ar- 9    15                  EP0312532B1
16              l 1 L      l!II cell 10 in position. The damp is set at a
level which  ranged for sensing the differential pressure be- keeps the
sensor cell in compression in use..          tween the pressures conveyed
from each inlet re- Tension carrying bolts 163 are provided for hold-
gion; ing the end caps 150 and 152 together and provide            a
substantially planar support surface ad- the necessary damping force.
Asemi-conductor chip   5  jacent the deflectable region, the deflectable
re- 164 may be mounted on one of theeglass mounting cy-    gion having a
surface (43A, 77C, 102A, 102C) finders and may comprise capacitive sensing
circuitry  which is concave and which is substantially pla- coupled to the
sensor with leads 165.                  nar when a rated overpressure is
applied so that Amodified form of the sensor assembly Is shown      the
deflectable region (43; 77, 102) is supported in Figure 16 and In this case
the end caps 150A and   to  by said support surface when a rated overpres-
152A are used, and they are held together with a       sure Is applied; and
sleeve 170 that is welded in place to the'end caps with      sensing means
disposed in the sensor for a sealing weld 171 at each end. The sleeve 170
is      sensing the deflection of the deflectable region placed under
tension for preloading before welding     (43, 77. 102) and for providing
an output indica- and held under tension when welded in place to clamp   15
tive of the differential pressure; the end caps against mounting cylinders
11 and 12            characterised in that said surface (43A, under
compression when the tension load sleeve 170     77C, 102A, 102C) of said
deflectable region Is is released afterwelding. Compression is mounted on
concave when the deflectable region Is at zero the sensor cell during use.
A hermetic seal is formed  pressure differential and in that the
deflectable by the welds 171 around the periphery of the end   20  region
of semiconductor or ceramic material has caps 150A and 152A.
a pair of said surfaces on opposite sides of the The glass cylinders 11 and
12 as shown In Figure    deflectable region and a said substantially planar
16 supports the glass support bases 50 of cell 10      support surface. is
provided in each of said pair of. across their entire surface with a glass
frit 173 placed  inlet means, the outer rim being sealingly bonded against
the support bases 50, to provide the damping   25  between both said
substantially planar support fqrce from tension in tube 170 (or other
damping       surfaces to surround the holes. members) across the entire
exposed opposite surfac- es of the sensor cell 10. Likewise, brazing
Indicated  2. A sensor as recited in Claim I wherein the sens- at 174 can
be used across the entire end surface of    ing means is a strain gauge
disposed on the dia- the glass cylinder 12 for holding the cylinder 12 in
30  phragm means (63, 93, 105). place. The tube 170 can have a suitably
electrical feed-  3. A sensor as. recited in Claim I wherein the sens-
through 175 to carry electrical signals from a. semi-  ing means Is a
capacitive means comprising a conductor chip 176 attached to one of the
glass        fixed conductive capacitor plate (47, 82) dis- mounting
cylinders which, again, can have capacitive   36  posed on a support
surface capacitively coupled sensing circuitry thereon. The chip is coupled
to leads  to a conductive portion on the deflectable region 177 from the
sensor cell 10. The leads-on the sensor   (43, 77) to provide a capacitance
indicative of dif- cell are connected to circuitry on the chip 176 In a
ferential pressure. conventional manner. 40  4. Asensor as recited In Claim
2 further comprising: a pair of flexible isolator diaphragms (25, Claims
31). sealing attached to the inlet regions sur- rounding the holes for
isolating the sensor means 1. A sensor (10) for sensing differential
pressure in  from the fluid; and 



a fluid and for providing an output indicative of  45    a dielectric
substantially incompressible such pressure (Pl-P2), comprising:
fluid substantially filling the space between the diaphragm means (63, 93,
105) for sens-      isolator diaphragms and the diaphragm means ing the
pressure, the diaphragm means being         for transferring pressure from
the isolator dia- made of a brittle semiconductor or ceramic ma-
phragms (25, 31) to the diaphragm means. terlal having an outer rim
(44,79,103) and having   so a deflectable region (43, 77,102) bounded by
the  5. A sensor as recited in Claim I wherein said sen- rim (44, 79, 103)
for deflection by the differential  sor comprises a pair of sensor cell
half portions pressure;                                           (1 OA),
each of said half portions (1 OA) comprising a pair of Inlet means (11, 12;
50, 75, 120,   one-half of the diaphragm means and one of the 130), each
having a hole (27, 34; 46, 83,122,  55  surfaces having a concave shape
(43A), two of 132) extending from an inlet region thereon for    said
sensorhalves being bondedtogethertoform conveying a fluid pressure from
each inlet region   the.diaphragm means (63). to the diaphragm means, the
sensor being ar-    17                  EP 0 312 532B1                  18
.IIII11111111 11111!i 6. The sensor of Claim I wherein the inlet means
Patentansprfiche * comprise a pair of support bases (50) for the dia-
phragm means (63) and the support bases (50)    1. Sensor (10) fir dos
Erfassen von Differenzdruck  and diaphragm means (63) comprise a sensor
in einem Fluid und fur das Erzeugen sines Aus- . cell, and means to mount
said sensor cell for   5  gangSsignals, das einen derartigen Druck (P1-
sensing differential pressure comprising Mount-     P2) anzelgt, mit: ing
blocks (11, 12) supported on the respective    einer Membranvorrichtung
(63, 93, 105) far das support bases on opposite sides of said sensor
Erfassen des Drucks, wobel die Membranvor- cell, said mounting blocks (11,
12) being made of  richtung aus einem sproden IHalbleiter- oder Ke- a
material having substantially the same temper-  10  ramikmateriai mit einem
auBeren Rand (44, 79, ature co-efficient of expansion as said support
103) und mit elnem Auslenkberelch (43,77, 102) bases (50).
gefertigt Ist, der durch den Rand (44,79, 103) zur Auslenkung durch den
Differenzdruck eingefait 7. The sensorof Claim6 including means (150, 152,
ist; 163) to damp said mounting blocks (11, 12) to  15  einem Paar
Einla~vorrichtungen (11, 12; 50, 75, said sensor cell (10), said mounting
blocks (11,    120, 130), die je ain Loch (27, 34; 46, 83, 122, 12) having
means to transmit clamping forces to    132) aufweisen, das sich von elnem
Einlafbe- the support bases only adjacent the peripheries    relch auf
dieser zur Weiterleltung von Fluiddruck of said support bases in
substantial alignment     von dem Einlailbereich zu der Membranvorrich-
with the outer rim of the diaphragm means.  20     tung erstreckt, wobel
der Sensor flr das Erfas- sen des Differenzdrucks zwischen den von je- i
8. A method of making a pressure sensor (10) com-      dem  EinIaBbereich
weitergeleiteten Dricken prising a diaphragm (105) made of a brittle sem-
ausgelegt Ist; iconductor or ceramic material and having a de-    elner im
wesentlichen ebenen Stitzflache an- flectable centre portion (102)
surrounded by a   25  grenzend an den Auslenkbereich, wobel derAus-
supporting rim portion (103), and a support layer  lenkbereich eine
Oberflache (43A, 77B, 102A, (120, 130) fixed to the diaphragm (105) at an
In-  102C) aufwelst, die konkav-und im wesentlichen terface with the rim
(103) of the diaphragm, the   eben . ist, .wenn ein Nenn-Oberdruck angelegt
support layer (120, 130) having a stop surface to  wird, so dae der
Auslenkbereich (43, 77, 102) prevent excess deflection of the diaphragm,
the   3o  durch. die St0tzflache abgestutzt wird,.wenn ain method Including
forming a concavity. in a face    Nenn-Uberdruck angelegt wird; und (102A,
102C) of the centre portion (102) of the    eie Erfassungsvorrichtung in
dem Sensor fuir diaphragm (105) adjacent the stop surface. so      die
Erfassung der Auslenkung des Auslenkbe- that the stop surface matches the.
shape of the    relchs.(43, 77,102) und f0r die Erzeugung elnes adjacent
face (102A, 102C) of the centre portion   35  Ausgangssignals angeordnet
ist, dasa den Diffe- (102) of the diaphragm when at maximum.deflec-
renzdruck anzeigt, dadurch gekennzelchnet, tion, the concavity being formed
by applying a     daB die Oberflache (43A, 77C, 102A, 102C) des pressure
(P) to deflect the diaphragm (102) rela-  Auslenkbereichs konkav ist, wenn
der Auslenk- tive to the Interface at the rim (103), to form a  bereich bei
eaner Druckdifferenz von Null ist, und bulge (102B, 102E) in the adjacent
face, remov-  40  daB der Auslenkbereich aus Halblelter- oder Ke- Ing
material from the bulging adjacent face to ren-  ramikmaterial ain Pear von
Oberflachen auf ge- der it flat and then removing the pressure again
genuberliegenden Seiten des Auslenkbereichs so that the adjacent face with
the material re-    aufwelst und eine im wesentlichen ebene StOtz- 



moved becomes concave.                             flache in jeder
Einlaivorrichtung des Paars von 45      Einlal~vorrichtungen vorgesehen
ist, wobei der 9. The method of Claim 8 wherein the full scale dif-
auBere Rand abdichtend zwischen beiden im we- ferential pressure to which
the diaphragm (105)     sentlichen ebenen StitzflAchen verbunden Ist, will
be subjected in use is known, and the pres-   um die Locher zu umgeben.
sure (P) applied to the opposite surface of the dia-. phragm portion during
the forming of the concave   5o  2. Sensor nach Anspruch 1, dadurch
gekennzeich- surface (102A, 102C) Is selected to be a known     net,. daB
die Erfassungsvorrichtung ein Deh- function of said full scale differential
pressure so  nungsmesser ist, der auf, der Membranvorrich- that, In use,
the concave surface will become      tung .(63, 93, 105) angeordnet ist
substantially flat when the load on the opposite surface of the diaphragm
portion from the con-  55   3. Sensor nach Anspruch 1, dadurch gekennzelch-
cave surface reaches a desired overpressure        net: daB die
Erfassungsvorrichtung sine Kapazi- condition.
tatsvorrichtung ist, die sine erste leitfihige Kon- densatorplatte (47, 82)
aufweist, die auf einer 10    I 111111111111111111111111 11 19
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angeordnet 1st, die kapazitiv mit ei-  an elner Schnittstelle mit dem Rand
(103) der nem leitfthigen Abschnitt auf dem Auslenkbe-       Membran
befestigt ist, wobei die. Stuitzschicht reich (43, 77) gekoppelt ist, um
sine Kapazitit zu  (120,130) sine Anschlagoberflacheaufwelst, um erzeugen,
die den Differenzdruck anzeigt.          sine Obermllge Auslenkung der
Membran zu 5      verhindern, wobel das Verfahren den Schritt ein- 4.
Sensor nach Anspruch 3, welter gekennzelchnet      schlielM, eine konkave
Ausnehmung In elner Fla- durch:
che (102A, 102C) des Mlttenbereichs (102) der sin Paarflexibler
isoiatormembrane (25, 31), die   Membran (105) angrenzend an die Anschlag-
dichtend In den Eingangsberelchen befestigt        oberflache derart
auszubiiden, daB die An- sind, die die Lacher umgeben, mit welchen die  1O
schlagoberflache mit der Form der angrenzen- Sensorvorrichtung von dem
Fluid isolierbar ist;    den Flache (102A, 102C) des Mittenbereichs und
(102) der Membran- Obersinstimmt: wenn die sin dialektrisches, Im
wesentliches inkompres-     Membran sich in maximalerAuslenkung befindet,
sibles Fluid, das im wesentilchen den Raum zwi-    wobei die konkave
Ausnehmung durch Anlegen schen den Isolatormembranen und der Mem-   *5
sines Drucks (P) an die Membran (102) relativ zu branvorrichtung f(ir das
Obertragen von Druck      der Schnittstelle an dem Rand (103) ausgebildet
von den Isolatormembranen (25,31) zu der Mem-      wird, um sine Auswolbung
(102B, 102E) in der branvorrichtung ausfullt.
angrenzenden Flache auszubilden, das Material aus der Auswolbung angrenzend
an die Flache 5. Sensor nach Anspruch 1, dadurch gekennzelch-  2o    zu
entfernen, um sie flach zu machen, und dann net, daB der Sensor sin Paar
Sensorzellenhalb-     den Druck wieder zu entfernen, so daB die an-
abschnitte (10A) aufweist, wobei jeder Halbab-     grenzende Flache mit dem
entfernten Material schnitt (10A) sine Halfte der Membranvorrich-
konkav wird. tung und sine der Oberfl~chen mit einer.konka- ven Form (43A)
aufweist, wobel die Sensorhalf-  25  9. Verfahren nach Anspruch .8, dadurch
gekenn- ten zusammengeklebt sind, um sine Membran-         zeichnet, daB
der maximale Differenzdruck, dem vorrichtung (63) auszubilden.
die Membran (105) In der Praxis ausgesetzt ist, bekannt ist, und der Druck
(P), der auf die gegen- 6. Sensor nach Anspruch 1, dadurch gekennzeich-
uberliegende  Oberflache  des Membranab- net, daB die ElnlaBvorrichtung.sin
Paar von   3o   schnitts. wahrend der Ausbildung der konkaven Stfltztrigern
(50) fOr die Membranvorrichtung      Oberflache .(102A, 102C) a gelegt
wird, so aus- (63) aufweist, und die SttltztrAger (50) und die   gewAhit
wird, daB sr sine. bekannte Funktion des Membranvorrichtung (63) sine
Sensorzelle auf-      maximalen Differenzdrucks .ist, so daB bel der weisen
und wobel Mittel fOr das Lagern der Sen-    Anwendung die konkave
Oberfilche im wesent- sorzelle ffir das Erfassen von Differenzdruck La-  35
lichen flach wird, wenn die Belastung auf der ge- gerblocke (11, 12)
aufweisen, die auf den jewel-   geniberliegenden Oberflache des.Membranab-
ligen StritztrAgern auf gegenriberliegenden Sel-   schnitts aus der
konkaven Oberflache elnen er- ten der Sensorzelle abgdstitzt sind, wobel
die     wunschten Oberdruckzustand erreicht. Lagerblocke (11, 12) aus einem
Material mit im wesentlichen dem gleichen Ausdehnungstempe-  40 



raturkoeffizienten wie dem der StutztrAger (50)  Revendications hergestellt
sind. 1. Capteur (10) pour mesurer une pression.diff6ren- 7. Sensor nach
Anspruch 6, mit einer Vorrichtung       tielle dans un fluids et pour
delvrer un signal de (150, 152, 153) fur das Festklemmen der Lager-  45
sortie Indiquant cette pression (P1 - P2),.compre- blsoke (11, 12) an
derSensorzelle (10), wobel die  nant: Lagerbl6cke (11, 12) Elnrichtungen
aufweisen,           .un moyen & membrane (63,93,105) pour um die
Klemmkrafte zu den Stutztrggern nur be-     mesurerla.pression, ce moyen a
membrane etant nachbart dem Umfang der Stftztrager Im we-         fait
d'une matiere semiconductrice ou.ceramique sentlichen in Ausrichtung mit
dem auBeren Rand   50  cassante et comportant un bord. ext6rieur der
Membranvorrichtung zu Obertragen.              (44,79,103) et une r6gion
d6forrnable (43,77,102) limitee par ce bord (44,79,103) de manlereA pou- 8.
Verfahren zur Herstellung seines Drucksensors       voir se d6former sous
I'effet de la presslon diffe- (10), miteinerMembran (105) aus einem sprOden
rentlelle; Halbleiter- oder Keramikmaterial und mit einem   55     upne
pairs  de  moyens  dadmission auslenkbaren Mittenbereich (102), dervoneinem
(11,12;50,75,120,130) comportant chacun un StOtzrandbereich (103) umgeben
ist, und mit ei-    trou (27 34;46,83,122,132) qui estend a partir ner
Stfitzschicht (120, 130), die an der Membran   d'une r6glon d entr6e
pourtransmettre une.pres- .                  .  .
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I 1  1S111,1  il sion de fluide entre chaque fegion d'entree:et'le  5.
Capteur selon la revendication 1, dans lequel I- moyen a membrane, le
capteur etant agenc6 de       dit capteur comprend une paire de
demi-parties facon A mesurer la pression differentlelle entre   (10A) de
cellule de capteur, chacune de ces les presslons transmises a partir de
chaque re-    demi-partles (10A) comprenant une moitie du gion d'entr6e;
5       moyen a membrane et l'une des surfaces ayant une surface de support
essentiellement        une forme concave (43A), deux de ces mokties de
plane, adjacente a la reglon defonnable, la region  capteur btant
assemblees pour former le moyen defornable presentant une surface (43A,77C,
A membrane (63). 102A,102C) qui est concave et quf devlent prati- quement
plane lorsqu'une surpression nominale  1o  6. Capteur selon la
revendication 1, dans lequel le estappliqu6e, ce qui fait que la regln
deformable  moyen d'admission comprend une paire de ba- (43,77,102) est
supportie par ladite surface de    ses de support (50) pour le moyen A
membrane support lorsqu'une surpresslon nominalelest ap-    (63), les bases
de support (50) et le moyen A pliquee; et
membrane (63) constituent une cellule de cap- un moyen de mesure dispose
dens le cap-  is  tour, et il est prevu un moyen pour le montage de tour
pour mesurer la deformatbon de la reglon de-  ladite cellule de capteur en
vue de la mesure de formable (43j77,102) et pour d6livrerun signal de  la
pressbon differentielle, comprenant des blocs sortie Indiquant la pression
differentielle;       de montage (11,12) supportes sur les bases de
caracterise en ce que ladite surface          support respectives de part
et d'autre de ladite (43A,77C,1 02A, 102C) de ledite region deforma-  20
cellule de capteur, ces blocs de montage (11, 12) ble est concave lorsque
la region deformable'est   btant faits d'un materiau ayant pratiquement le
A une difference de presslon nulle, et en ce quo   meme coefficient de
dilatation thermique que la region deformable de matiere semiconductrice
lesdites bases de support (50). ou ceramique presente une paire desdites
surfa- ces sur les ootes opposes de la reglon deforma-  25  7. Capteur
selon la revendication 6, comprenant ble, et une desdites surfaces de
support essen-    des moyens (150,152,163) pour serrer lesdits tiollement
planes est prevue dens chacune des-     blocs de montage (11,12) contre
ladite cellule de dites paires de moyens d'admission, le bord ex-
capteur (10), lesdits blocs de montage (11,12) terleur etant fixe de
maniere .tanche entre ces    comportant des moyens pour ne transmettre les
deux surfaces de support essentlellement planes   30  forces. de. serrage
aux bases de support qu'A de fagon a entourer les trous.       .
proximite des periphbries desdites bases de sup- port, pratiquement dens
l'alignement du bord ex- 2. Capteur selon la revendication 1, .dans lequel
le   tfrieur du moyen A membrane. moyen de mosure est une jaugeodo
contrainte disposee sur le moyen I membrane (63,93,105).  35  8. ProcedA de
fabrication d'un capteur de pression (10) comprenantune membrane (105)
faete d'une 3. Capteur selon la revendicatlon 1, dens lequel le    matiere
semiconductrice ou ceramique cassante moyen de. mesure est un moyen
capacitif            et comportant une partie centrals deformable 



comprenant une armature conductrice fixeode        (102) entour6e par une
partie formant bordure de condensateur (47,82) disposes sur une surface
40  support (103), et une couche de support de support, coupl6e par
capacite a une partie      (120,130) fix6e A la membrane (105) A
l'interface conductrice sur la region deformable (43,77), de   avec le bord
(103) de la membrane, la couche de maniere A fournir une capacite indiquant
la pros-  support (120,130) comportant une surface sion differentlelle.
d'arret pour empecher une deformation excessi- 45      ve de la. membrane,
le proced6 comprenant les 4. Capteur selon la revendication 2, comprenant
en     operations consistant a former une concavite outre:
.             dens une face (102A,102C) de la partie centrals une pairs de
membranes isolantes.flexi-      (102) de lamembrane (105) aproximit6 dela
sur- bIos (25,31) fix~es de maniere etanche aux r6-     face d'arret, de
sorte quo la surface d'arret epou- gions d'entree entourant les trous, pour
isoler le  so  se la forms de la face adjacente (.102A,102C) de moyen de
mesure du fluid.; et         .            la-partie centrals (102) de la
membrane lorsque un fluids dielectrique essentiellement in-    se prodult
une deformation maximale, la conca- compressible, rempllssant
pratiquementl'espace     vite etant formee en appliquant une pression (P)
entre les membranes isolantes et le moyen A        ppur deformer la
membrane (105) par rapport A membrane, pour transmettre la. pression entre
55  l'interface avecI bord (103), pourformerun reon- les membranes
Isolantes (25,31) et le moyen a      flement (102B,102E) dens la face
adjacente, en membrane.                                          enlevant
de la matiere de Ia face adjacente ren- flee af in de la rendre plate, puls
en supprlmant la 12    23                  EP 0 312 532 Si
24   |       |||||  | 1||| ||||| ||| || * * ~~~~~c   L s  * pression, de
sorte que Ia face adjacente oui de Ia matibre a bte enlev6e devienne
concave. 9. Proced6 selon Ia revendication 8, dears lequel la presslon
differentileile maximale a laquelle la 5 membrane (105) sera soumise A
l'usage est connue, et la pression (P) apptlqu6e sur la surfa- ce oppos6e
de la partie de la membrane pendant la formation de la surface concave
(102A,102C) est choise de sorts qu'elle soit une fonction   10 connue de
ladite presslon differentlIlle maxlma-- le, de telle maniere qu'a l'usage,
la surface concave devienne pratiquement plate lorsque la charge sur la
surface. oppos6e de la partie de la membrane, par rapport a la surface
concave, at-  15 teint un etat de surpresslon d6sir6. 20 25 30 35 40 45 50
55 13    


