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- ‘HIGH OVERPRESSURE LOW RANGE PRESSURE SENSOR
' BACKGROUND OF THE INVEN'I'ION '

. a brittle material chaphragm that deflects under pressure relanve to a base plate _ I_
- and which is supported against damage when under high overpressures relame . '_t R
R . to the normal sensor range. o
Semiconductor pressure sensors, which utilize a backing plate and
a diaphragm that deflects under preésure, are known in the prior art. The
deflection is fneasured in such prior art sensors in a number of ways, including
10 . capacitive sensing, and using strain gauges that are mounted on the dxaphtagm. '
The use of brittle material such as silicon, glass and quartz for diaphragms has ’
also been known. : S
The need for protection 'of brittle material diaphragms when .
S subjected to overpressure has been recognized. In general, sich suﬁport hasbeen -
o :15 obtained by resting the diaphragm surface across a facing surface of the base
~ plate, which may be configured.to match the deflected diaphragm configuration,
so that when the diaphragm slightly exceeds:its maximum design pressure
. sensing range it will be supported on the base. Preferably a substantial portion
of the diaphragm will rest on a facing surface of the base. Recesses have been
20  used in base plates and on diaphragms to attempt to ensure a full, continuous
overpressure support across the deflecting portion of the diaphragm.
SUMMARY OF THE INVENTION
The present invention relates 10 a pressure sensor that utilizes a. -
base plate and a diaphragm which is deflected under pressure relative to the base
25 plate. The diaphragm is made of brittle material and has suitable sensing means
thereon to provide an output indicative of the pressure applied to the diaphragm.
Overpressure protection is provided by a plurality. of short posts
or bumps formed on a diaphxagm, or if desired on the base plate, which will
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because the less stiff diaphragm can travel farther than one with a large stff Te

center.

In the form shown, a silicon wafer is etched. to provide a thin -

portion that forms a deflecting web of a diaphragm, and is masked to leave a
plurality of posts that have a height equal to the original thickness of the wafer

. from which the diaphragm is being formed. A rim surrounding the plurality
‘posts is left for attachment to the base plate.

During the etching process the support posts become substantially

pyramld shaped.

on the surface of the base plate, which is not as brittle as pure silicon, permits
the posts to shift sligﬁtly in the thin layer of silicon dioxide after the posts first
contact the support layer and as the overpressure increases. The curve or bow
of the deflecting diaphragm causes the posts to be at a slight angle as they first
contact the base plate, As pressure increases, there is a slight shifting of the
outer ends of the posts relative to the support layer. The silicon dioxide layer

 forms electrical isolation for the base plate from rhe-surface it is to be mounted

upon. The silicon dioxide layer also enhances the overpressure capability of the
sensor by allowing the support posts to adjust position to avoid raising higher
stress levels in the diaphragm. The hard silicon surface of the base layer,
without the silicon dioxide layer, reduces the ability of the posts to shift as the

overpressure increases.

It has also been dxscovered that havmg a layer of silicon dioxide. .
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i 5 : Figure IA is a view of the base plal: surface thh a d1aphragm

layer removed:
Figure 2 is a view of support posts of the diaphragm portion of o
Figure 1, taken as on line 2--2 in Figure I; '
Figure 3 is a schematic representation illustrating, in greaxly
10  exaggerated detail, the movement of the support posts from the time of first
contacting the base layer to full overpressure conditions; | '
Figure 4 is an enlarged detailed view of a single support post o
showing the details of the etching surface of an individual post as its "
, conﬁguranon would be etched without posts adjacent to it; and
15 FlgureSwasgcﬁonalwewtakenasonQneS—-SmFigure&
DETAILED DESCRIPTION OF THE P RED DIMENTS
Refemng to Figure 1, a pressure sensor made aécording to the .
presenf invéntion is illustrated at 10. The pressure sensor is a low range pressure o
sensor, for example, in the range of 30 psi gauge, either gauge or absolute, but
20  having the ability to handie overpressures that are a substantial muitiple of such
range. The gauge pressure sensor would have an opening through the base plate, '
open to the diaphragm area. The pressure sensor of the present invention could
be a capacitive sensing unit. Comparable prior art pressure sensors generally will -~
withstand three to eight times the rated pressure without breakage. The present
25 pressure sensor will withstand 5 to 10 times more overpressure than a
comparabie diaphragm without posts. - _
The préssure sensor 10 comprises a base plate or layer of a brittle
material indicated at 12. Such material may be a semiconductor such as silicon, |
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" 'deﬂecting_diaphxjagm.or web sectibn 18: The deﬂectibn"'of—ﬁe"d}éﬁlﬁraérﬁ we
" section 18 versus pressure is. determined by the diaphragm web thickness ma y
_ G bounding region adjacent to the rim 16, which region is shown at 20 on'the sides i
— of the diaphragm web in F igures | and 2 and also by the thiékness between the -
posts. The amount of deflection of the diaphragm web is very small across the
. Operative range, and if excéssive deflection occurs the diaphragm will break.
.10 . . - The rim 16 surface is suitably bonded to the base plate 12. For-
example, a glass frit in the interface region indicated at 24 can be used for
bonding the diaphragm to the base plate upper surface 28, or the base and P
diaphrégm can be joined at the rim uéing anodic bonding or fusion techmques. :: ,, ._
- The bonding of the diaphragm rim to the base plate leaves g chamber indicated:
15 at-26 beneath the diaphragm web section 18 and above the upper surface 23 of
the base plate 12. A vacuum is created wheg the die is sealed to the base plate
28 with the glass frit 24. The pressure or force to be measured is applied as
indicated by the arrow 22 against an upper surface 30 of the diaphragm web 18.
This will cause the diaphragm web to bow toward the base plate 12, and the
20 amount of deflection of the diaphragm web can be measureq with suitable strain
gauges indicated at 32 on the upper surface 30 of the diaphragm web to provide
an indication of the amount of force or pressure applied, as a function of the
deflection. _
In the preferred embodiment, in order to provide a support for the
25  diaphragm web 18 as it bows downwardly, and to prevent the diaphragm from
being fractured, damaged or otherwise broken, a plurality of support posts
indicated at 36 are integrally formed on the diaphragm web 18 and on a side of
the diaphragm web opposite from the application of force or pressure. These
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' _..:. | The posts 36 are formed by etching a wafer of silicon or other-' o
material from which the diaphragm is made, as the diaphragm web 18 is etched
to proper thickness, in a batch process, utilizing a suitable mask that forms the
posts 36 into substantially pyramid-like sections that, as shown, have a flat t1p
10 38 that is the same height from the surface 30 as the surface of the rim 16 thaJ:'

. contacts. the base plate 12. The posts can be of different heights, if desn'ed, to '
achieve substantxally uniform contact with a base plate with a. flat smface acToss
the diaphragm taking into account the bowed shape of the dlaphragm under_-
pressure. o _

15 ' As showa in Figure 1A, the uppér surface 28 of bise plate 12 is
recessed in selected areas from the plane of the edge .portions where the
diaphragm rim is bonded. For a 16 post configuration, sections 28A are along
two sides and between adjacent corner sections 28C. Corner sections 28C are
less in depth than the other parts. Sections 28A are recessed more than sections

20  28C, but are closer to the posts than the center section indicated at 28B (most
recess depth). The difference in recess depth is to accommodate the differences
in deflection, because the diaphragm web 18 will deflect more in the center than
it will adjacent to the rim 16, and the steps in the surface 28 of base plate 12 -
provide substantially simultaneous contact between the corners and outer rows

25 of posts 36 and the surface poftion 28C and 28A and between the posts located
near the center of diaphragm web 18 and the surface portion 28B. Again, as
stated, the same effect can be obtained with a flat surface on base plate 12 and
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g _, 7 line 22 can exceed the normal operating pressure by many times w xthout-
'damaging the diaphragm web 18. L.
It has also been noted that when silicon is used as a base plate, it .. '
. - lIsdesirable to have an electrically insulating layer on the surface, and as shown .
10 in Figures 1 and 3, a layer 40 (about three microns thick) represented by dotted
. lines is silicon dioxide that has been grown on the surface of the silicon base o~
- plate.  However, it has been found that as the diaphragm web 18 is bowing - -,
.. ‘toward the base plate, the posts 36 will be slighted canted, o that a comes or
' " edge indicated at 42 of the flat top 38 may first contact the upper surface 28 of .~
" .15 the base plate 12, rather than having the flaf surface 38 of posts 36 contact the
. layer 40 across the full width of the flat surface 38. As the diaphragm web 18
deflects further under greater pressure, it has been found that these posts 36 will
tend to rotate generally as shown by the arrow 44 as the diaphragm web
becomes less bowed to fuily seat the end surfaces 38. If the diaphragm web 18
20 moves slightly after initial contact, the post corner will dig into the silicon
dioxide layer and will tend to form a little channel or groove whereas, if the
untreated silicon surface is engaged, there will be less sliding, and the diaphragm
may fail in tension. _
It should also be noted in Figures 1, 2 and 4 that at the bases of
25  each of the posts 36, due to interaction of the etching materials and the post
masks, complex surface configurations 48 are formed. The etching leaves
tapered surface 48 extending from the corners, and small spurs 48A extend
laterally from the tapered surfaces or ribs at locations spaced from the posts at
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between posts equal to thzjn-sho@n at 20. These tapered surfacesare dep:cte§1n
%0 5 Figure 2, only very schématically and as can be seen. the tapers are not squar'éd -

can be different without substantially affecting the performance, .
The silicon dl;oxide layer 40 permits the posts to shift slightly and : |
10  reduce diaphragm b'reakage. -The overpressure protection.posts 36 are quite
-- easily manufactured, as are the other components of the sensors, so costs are not - - - )
~ a substantial factor, . ' - B

‘15 fo provide overpressure protection. :
| . The recessed régibns of the base plate surface _'wlill change in
shape, size and location as the number of posts change to provide the benefits
of the posts all contacting the surface at substantially the same time, For
cxample, a diaphragm with four posts would be used with one planar surface,
20 recessed from the rim, Different numbers of posts require different surface
depths to digitally approximate the bowed diaphragm shape when under pressure
for adequate support.
A suitable housing or pressure containment plate will be useq over -
the diaphragm for containing the pressure acting on the diaphragm. Such
25  housing is not shown because they are well known,
The same conceptual construction can be used with capacitive
sensing for sensilig diaphragm deflections, by using a conductive film on a plate
spaced from the diaphragm to form a capacitive plate insulated from the
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T a plurahty of posts formed on one of ,sa.ld plates i in registry with'

the deﬂectable web section. and formmg a stop w hen the.’

deflectable web section is deflected toward the base plate E
a preselected amount.

2. The pressure sensor of claim 1 wherein said posts are integrally -
formed with said deflectable web section of said dxaphragm and have ends which
engage the base plate.

. 3. | ’I‘hesensorofclaxmlwhemmsaxdposlsaremtegmlmthsazd_‘:._-'
- . deflectable web section. of said diaphragm’plate, said posts having outer end
- surfaces for conmctmga facing surface of the base plate when the diaphragm is
deflected a preselected amount toward the base plate,

4. ~ The sensor of claim 3 and a layer of oxide formed on said base
plate forming a shallow layer that is of a different material than the posts, to
permit slight shifting of the ends of the posts as they contact the base plate

5. The sensor of claim 4 wherein said base plate is made of silicon,
and the shallow layer is formed of silicon dioxide.

6. The sensor of claim 5 wherein the silicon dioxide is substantially
three microns thick.
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- mtroduced to cause a center draphragm sectron ( 18) to deﬂect toward the base -

plate ( 12), and the deﬂectron of the dxaphragm ( 18) is sensed through stram

gauges (32) to provide an mdrcauon of the pressure The dxaphragm (18) is
provided with a plurahty of individual support posts (36) on a side. facmg the -

base - plate (12), S0 that when the draphragm (18) is deﬂected toward the base

.plate (12) under Ingh overpressum the support posts (36) will support the
diaphragm ( 18) aga.mst movement to avoid failure or breakage of the draphragm o

(18) Thenumberofsupportposts(%)canbevanedasdwred. Inapreferred

jform of themvenuon, the base platexs provxded thh a very t!nn layer (40) of

| silicon dloxrde whxch Js a good e]ectneal msulator and w!nch also serves to help :

accommodate shght movement of the support posts (36) as they touch the surface
~of the base Pplate (12) to reduce stress buildup in the diaphragm (18) as the

overpressure increases.
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HIGH OVERPRESSURE LOW RANGE PRESSURE SENSOR
B RO OF TH ION

The present invention relates to a deflecting diaphragm utilizing
a brittle material diaphragm that deflects under pressure relative to a base plate
and which is supported against damage when under high overpressures relative
to the normal sensor range.

Semiconductor pressure sensors. which utilize a backing plate and
a diaphragm that deflects under pressure, are known in the prior art. The
deflection is measured in such prior art sensors in a number of Ways, including
capacitive sensing, and using strain gauges that are mounted on the diaphragm.
The use of brittie material such as silicon, glass and quartz for diaphragms has
also been known.

The need for protection of brittle material diaphragms when
subjected to overpressure has been recognized. In general, such support has been
obtained by resting the diaphragm surface across a facing surface of the base
plate. which may be configured to match the deflected diaphragm configuration.
so that when the diaphragm slightly exceeds its maximum design pressure
sensing range it will be supported on the base. Preferably a substantial pbrtion
of the diaphragm will rest on a facing surface of the base. Recesses have been
used in base plates and on diaphragms to attempt to ensure a full, continuous
overpressure support across the deflecting portion of the diaphragm.

SUMMARY OF THE INVENTION

The present invention relates to a pressure sensor that utilizes a
base plate and a diaphragm which is deflected under pressure relative to the base
plate. The diaphragm is made of brittle material and has suitable sensing means
thereon to provide an output mdlcatlve of the pressure applied to the diaphragm.

Overpressure protecnon is provided by a plurality of short posts
or bumps formed on a d;aph@g;r‘l.. or if desired on the base plate. which will
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i aphragm web 18. S As the diaphragm web 18 defl ects,
the tips 38 of the posts 36 w | | contact their respective surface
portions 28A. 28B and 28C. and be hel d agai nst further deflection
under increasing pressure. The overpressurg.applied al ong the l'ine
22 can exceed the normal operating pressure by many tinmes w thout

damagi ng the di aphragm web 18. It has al so been noted
that when sili coguppdrith€®deficetig dfsphrdghitifier 'o?rergressure al # pfla V?]Q}f’ll&ahﬁni‘ave
an electrically insulating |ayer on the surfac and as sho
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be slighted canted, sO that a corner or
5  eases the manufacturing process. therefore widening the overpressure stop gaps

because the less stiff diaphragm can travel farther than one with a large stiff
center.

In the form shown. a silicon wafer is etched to provide a thin
portion that forms a deflecting web of a diaphragm, and is masked to leave a

10  plurality of posts that have a height equal to the original thickness of the wafer
from which the diaphragm is being formed. A rim surrounding the plurality
posts is left for attachment to the base plate. '

During the etching process the support posts become substantially
pyramid shaped.

15 It has also been discovered that having a layer of silicon dioxide
on the surface of the base plate, which is not as brittle as pure silicon, permits
the posts to shift slightly in the thin layer of silicon dioxide after the posts first
contact the support layer and as the overpressure increases. The curve or bow
of the deflecting diaphragm causes the posts to be at a slight angle as they first

20  contact the base plate. As pressure increases, there is a slight shifting of the
outer ends of the posts relative to the support layer. The silicon dioxide layer
forms electrical isolation for the base plate from the surface it is to be mounted
upon. The silicon dioxide layer also enhances the overpressure capability of the
sensor by allowing the support posts to adjust position to avoid raising higher

25  stress levels in the diaphragm. The hard silicon surface of the base layer.
without the silicon dioxide layer, reduces the ability of the posts to shift as the

overpressure increases.
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edge i_‘ndi cated at 42 of the flat top '38 may first contact the upper surface
28 of 15 the base plate 12. rather than having the flat surface 38 of

posts 36 contact the | ayer 40 across the full width of the flat
surface 38. As the diaphragm web 18 defl ects further under greater
pressure, it has been found that these posts 36 w || tend to rotate
generally as shown by the arrow 44 as the di aphragm web becones | ess

bowed to fully seat the end surfaces 38. |If the diaphragmweb 18 20

moves slightly after initial %QFSCWW OPTH@PNA'WNE% into the
silicon di oxi de | ayer n otorma Il annel or
groove whereas, if the Figurerleiztacxtossi-dectional sahematie répsesentgrioreadl vievhef 2
wil-l be less sliding,. and the di.aphragm may, fail in é,ension.

It should al so be ﬁgﬁlé% peasen Yerde rlgegszn%rmesguqehﬁa made 13ccqsding stopthe ppresent
each of the posts Jfventidf: t0 interaction of the etching materials and the

post
5 Figure 1A is a view of the base plate surface with a diaphragm

layer removed:

Figure 2 is a view of support posts of the diaphragm portion of
Figure 1. taken as on line 2--2 in Figure I;

Figure 3 is a schematic representation illustrating. in greatly

10  exaggerated detail, the movement of the support posts from the time of first
contacting the base layer to full overpressure conditions;

Figure 4 is an enlarged detailed view of a single support post
showing the details of the etching surface of an individual post as its
configuration would be etched without posts adjacent to it; and

15 Figure 5 is a sectional view taken as on line 5--5 in Figure 4.
DETAILED DESCRIPTION OF THE PREF D EMBODIMENTS

Referring to Figure 1. a pressure sensor made according to the
present invention is illustrated at 10. The pressure sensor is a low range pressure
sensor. for example. in the range of 30 psi gauge. either gauge or absolute, but

20 having the ability to handle overpressures that are a substantial multiple of such
range. The gauge pressure sensor would have an opening through the base plate.
open to the diaphragm area. The pressure sensor of the present invention could
be a capacitive sensing unit. Comparable prior art pressure sensors generally will
withstand three to eight times the rated pressure without breakage. The present

25 pressure sensor will withstand 5 to 10 times more overpressure than a
comparable diaphragm without posts.

The pressure sensor 10 comprises a base plate or laver of a brittle

material indicated at 12. Such material may be a scmiconducto_r such as silicon.
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'masks, conpl ex surface configurations 48 are forned. The etching | eaves
ttapered surface 48 extending fromthe corners. and small spurs 48A extend
laterally fromthe tapered surfaces or ribs at |ocations spaced fromthe
posts at

-4-

which is the preferred material, but could also be other brittle material such as
glass. sapphire, quartz or the like. The base plate supports a diaphragm plate
assembly 14. which includes a peripheral rim member 16 which bounds a

deflecting diaphragm or web section 18. The deflection of the diaphragm web

tn

section 18 versus pressure is determined by the diaphragm web thickness in a
bounding region adjacent to the rim 16. which region is shown at 20 on the sides
of the diaphragm web in Figures | and 2 and also by the thickness between the
posts. The amount of deflection of the diaphragm web is very small across the
operative range, and if excessive deflection occurs the diaphragm will break.
10 . The rim 16 surface is suitably bonded to the base plate 12. For
example, a glass ﬁ"it in the interface region indicated at 24 can be used for
bonding the diaphragm to the base plate upper surface 28, or the base and
diaphragm can be joined at the rim using anodic bonding or fusion techniques.
The bonding of the diaphragm rim to the base plate leaves a chamber indicated
15  at 26 beneath the diaphragm web section 18 and above the upper surface 28 of
the base plate 12. A vacuum is created when the die is sealed to the base plate
28 with the glass frit 24. The pressure or force to be measured is applied as
indicated by the arrow 22 against an upper surface 30 of the diaphragm web 18.
This will cause the diaphragm web to bow toward the base plate 12. and the
20  amount of deflection of the diaphragm web can be measured with suitable strain
gauges indicated at 32 on the upper surface 30 of the diaphragm web to provide
an indication of the amount of force or pressure applied. as a function of the
deflection. -
In the preferred embodiment, in order to provide a support for the
25  diaphragm web 18 as it bows downwardly. and to prevent the diaphragm from
being fractured. damaged or otherwise broken. a plurality of support posts
indicated at 36 are integrally formed on the diaphragm web 18 and on a side of

the diaphragm web opposite from the application of force or pressure. These
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7t a shallow angle. so that the tapered base surfaces of the
posts intersect in regions - shown at 50. A dotted line representation
at 52 in Figure 1 is the true designed formof the base post with

t he thickness of the remaining di aphragm web bet ween posts equal to -
that shown at 20. These tapered surfaces are depicted in Figure 2.
only very schematically and as can be seen, the tapers are not squared

with the major sides of the posts. Thus. Figurd 1 is an illustrated cross
section in the tapered.surface region. The configuration of the

surface between the posts can be different wthout substantially
affecting the perfoPREfd6. face toward the upper surface 28 of the base plate or layer 12" As

- shown. in Figure 2, there are 16 such posts. but a different number can be used.

For example. four, eight or nine posts for supporting the diaphragm web 18 can
be used for overpressure protection. depending in part on the size of the

[¥]

diaphragm.

The posts 36 are formed by etching a wafer of silicon or other
material from which the diaphragm is made. as the diaphragm web 18 is etched
to proper thickness, in a batch process. utilizing a suitable mask that forms the
posts 36 into substantially pyramid-like sections that. as shown. have a flat tip

10 38 that is the same height from the surface 30 as the surface of the rim 16 that
contacts the base plate 12. The posts can be of different heights, if desired, to
achieve substantially uniform contact with a base plate with a flat surface across
the diaphragm taking into account the bowed shape of the diaphragm under

- pressure.
As shown in Figure 1A. the upper surface 28 of base plate 12 is

1
wn

recessed in selected areas from the plane of the edge portions where the
diaphragm rim is bonded. For a 16 post configuration, sections 28A are along
two sides and between adjacent corner sections 28C. Corner sections 28C are
less in depth than the other parts. Sections 28A are recessed more than sections
20 28C. but are closer to the posts than the center section indicated at 28B (most
recess depth). The difference in recess depth is to accommodate the differences
in deflection, because the diaphragm web 18 will deflect more in the center than
it will adjacent to the rim 16. and the steps in the surface 28 of base plate 12
provide substantially simultaneous contact between the corners and outer rows
of posts 36 and the surface portion 28C and 28A and between the posts located
near the center of diaphragm web 18 and the surface portion 28B. Again. as

[V
[F]

stated. the same effect can be obtained with a flat surface on base plate 12 and
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The silicon dioxide |layer 40 permts the posts to shift slightly and 10
reduce di aphragm breakage. The overpressure protection posts 36 are quite
easily manufactured. as are the other conmponents of the sensors, so costs

are not a substantial factor. The posts 36 are
shown as being fornmed integrally as part of the di aphragm but the
posts al so could be fornmed to extend up fromthe base plate 15 to provide
over pressure protection. : -6-The recessed regi ons of the
base plate surface will change in shape. size and | ocation as the
nunber of posts change to provide the benefits of the posts all

contacting the surfacasdf & biohis!| With'tRe S { e.
a di aphragmwi th fé).ur pg‘it s%? e 'usel(l] vvft Oﬁebgﬁéggﬂfegru}l}ca%ge?égr{m
recessed from t he diaphraginfweb ¢8it nunbers of posts require different surface
As the diaphragm web 18 deflects. the tips 38 of the posts 36 will
contact their respective surface portions 28A. 28B and 28C. and be held against

further deflection under increasing pressure. The overpressure applied along the

th

line 22 can exceed the normal operating pressure by many times without
damaging the diaphragm web 18. |

It has also been noted that when silicon is used as a base plate. it

is desirable to have an electrically insulating layer on the surface, and as shown

10  in Figures | and 3, a layer 40 (about three microns thick) represented by dotted

lines is silicon dioxide that has been grown on the surface of the silicon base

plate. However, it has been found that as the diaphragm web 18 is bowing

toward the base plate, the posts 36 will be slighted canted, so that a corner or

edge indicated at 42 of the flat top 38 may first contact the upper surface 28 of

[¥4]

the base plate 12. rather than having the flat surface 38 of posts 36 contact the
layer 40 across the full width of the flat surface 38. As the diaphragm web 18
deflects further under greater pressure, it has been found that these posts 36 will
tend to rotate generally as shown by the arrow 44 as the diaphragm web
becomes less bowed to fully seat the end surfaces 38. If the diaphragm web 18
28  moves slightly after initial contact, the post corner will dig into the silicon
dioxide layer and will tend to form a little channel or groove whereas, if the
hntreated silicon surface is engaged, there will be less sliding, and the diaphragm

may fail in tension.
It should also be noted in Figures 1, 2 and 4 that at the bases of

each of the posts 36, due to interaction of the etching materials and the post

[S)
(1]

masks. complex surface configurations 48 are formed. The etching leaves
tapered surface 48 extending from the comners. and small spurs 48A extend

laterally from the tapered surfaces or ribs at locations spaced from the posts at
- REPLACEMENT SHEET. |
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dept hsito digitally. approxi' mat e the bowed di aphragm shape when under

pressure for adequate support. A suitable

housi ng or pressure containnent plate w II be used over t he

di aphragm for containing the pressure acting on the diaphragm Such 25
housi ng i s not shown because they are well known. The
same conceptual construction can be used with capacitive sensing for

sensi ng di aphragm defl ections, by using a condl,bct ive filmon a plate
spaced fromthe diaphragmto forma capacitive plate insulated fromthe

a shallow angle. so that the tapered base surfaces of the posts intersect in regions
shown at 50. A dotted line representation at 52 in Figure 1 is the true designed
form of the base post with the thickness of the remaining diaphragm web
between posts equal to that shown at 20. These tapered surfaces are depicted in

Figure 2. only very schematically and as can be seen. the tapers are not squared

(1]

with the major sides of the posts. Thus. Figure 1 is an illustrated cross section
in the tapered surface region. The configuration of the surface between the posts

can be different without substantially affecting the performance.
| The silicon dioxide layer 40 permits the posts to shift slightly and
10  reduce diaphragm breakage. The overpressure protectioxi posts 36 are quite
easily manufactured. as are the other components of the sensors, so costs are not

a substantial factor.

The posts 36 are shown as being formed integrally as part of the
diaphragm. but the posts also could be formed to extend up from the base plate

[
w

1o provide overpressure protection.

The recessed regions of the base plate surface will change in
shape. size and location as the number of posts change to provide the benefits
of the posts all contacting the surface at substantially the same time. For

| example, a diaphragm with four posts would be used with one planar surface.
20  recessed from the rim. Different numbers of posts require different surface
depths to digitally approximate the bowed diaphragm shape when under pressure
for adequate support.

A suitable housing or pressure containment plate will be used over

the diaphragm for containing the pressure acting on the diaphragm. Such

N
[¥1}

housing is not shown because they are well known.
The same conceptual construction can be used with capacitive
sensing for sensing diaphragm deflections, by using a conductive film on a plate

spaced from the diaphragm to form a capacitive plate insulated from the

- - {REPLACEMENT SHEET
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I T | aphragm W|th sw tabl e | eads attached to the conductive film and
the di aphragm Al t hough the present invention has been
described with reference

-8-

diaphragm, with suitable leads attached to the conductive film and the

- diaphragm.
Although the present invention has been described with reference
to preferred embodiments. workers skilled in the art will recognize that changes

may be made in form and detail without departing from the spirit and scope of

(V1]

the invention.
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to preferred enbodi ments. workers skilled in the art wi'll recognize that
changes may be nade—in- fermMﬁMl wi t hout departing fromthe spirit

and scope of the |Ji]!¥len1;[|on
: s Sheet

Wi . .——"

WHAT IS CLAIMED IS:

1. - A pressure sensor comprising a base plate. a diaphragm plate

including a rim secured to the base plate. and a central diaphragm web section
that is deflectable under force toward the base plate comprising:

a plurality of posts formed on one of said plates in registry with

the deflectable web section. and forming a stop when the

deflectable web section is deflected toward the base plate

a preselected amount.

2 The pressure sensor of claim | wherein said posts are integrally
- formed with said deflectable web section of said diaphragm and have ends which
engage the base plate.
- 3. The sensor of claim 1 wherein said posts are integral with said
deflectable web section of said diaphragm plate. said posts having outer end
surfaces for contacting a facing surface of the base plate when the diaphragm is
deflected a preselected amount toward the base plate. '

4, The sensor of claim 3 and a layer of oxide formed on said base
plate forming a shallow layer that is of a different material than the posts. to
permit slight shifting of the ends of the posts as they contact the base plate.

5. The sensor of claim 4 wherein said base plate is made of silicon.

and the shallow layer is formed of silicon dioxide.

6. The sensor of claim 5 wherein the silicon dioxide is substantially

three microns thick.
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1. A'prés-sure sensor conprising a base plate, a diaphragm pl at e including a
r'imsecured to the base plate, and a central di aphragm web section that is
defl ectabl e under force toward the base plate conpri sing;

-10-

7. The sensor of claim 6 wherein the base plate has a surface facing
the posts. which is recessed a greater depth in the regions in registry with the
central portions of the deflectable web section than at the edges of the base plate

underlying the rim section.

8. The sensor of claim | wherein there is a plurality of at least four

posts on the diaphragm web section.

9. The sensor of claim | wherein there are 16 posts e\}enl_v spaced

on the diaphragm web section.

"R ———
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a plurality of posts formed on one of said plates in registry with the

defl ectabl e web section, and form ng stops when the defl ectable web section
is deflected toward the base plate a presel ected anount, said plurality of
posts being integrally formed with said deflectable web section of said

di aphragm and havi ng ends whi ch engage the base plate for formng the

st ops. 2. The sensor of claim1l whbkein said posts have outer end
surfaces that are substantially planar for

HIGH OVERPRESSURE 1L.OW RANGE PRESSURE SENSOR

ABSTRACT OF THE DISCLOSURE

A low range pressure sensor (10) includes a base plate of brittle material (12), and a
diaphragm plate assembly (14) mounted on the base plate (12) and sealed around a periphery
(16) to the base plate (12). Pressures are introduced to cause a c_:enter diaphragm section (18)
to deflect toward the base plate (12), and the deflection of the diaphragm (18) is sensed
through strain gauges (32) to provide an indication of the pressure. The diaphragm (18) is
provided with a plurality of individual support posts (36) on a side facing the base plate (12),
so that when the diaphragm (18) is deflected toward the base plate (12) under high
“®verpressures the support posts (36) will support the diaphragm (18) against movement to
avoid failure or breakage of the diaphragm (18). The number of support posts (36) can be
varied as desired. In a preferred form of the invention, the base plate is provided with a
very thin layer (40) of silicon dioxide, which is a good electrical insulator and which also
serves to help accommodate slight niovement of the support posts (36) as they touch the
surface of the base plate (12) to reduce stress buildup in the diaphragm (18) as the
OVerpressure increases. -
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contacting a facing surface of the base plate when the di aphragm i s

"~ defl ected a presel ected anopunt toward: the -gzge pl at e. 3 The
sensor of claim2 and a | ayer of oxide for on said base plate formng a
shallow | ayer that is of a different material than the posts, to permt
slight shifting of the ends of(\tlhe posts as they contact the base plate.
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4. The sensor of claim3 wherein said base plate is nmade of silicon, and
{he shallow layer is fornmed of silicon dioxide. 5. The sensor of
claim4 wherein the silicon dioxide is f}dé)stanti ally three mcrons thick.
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~ .10 - 6. The sensor of claim5b wherein the base plate has a _
surface facing the posts, which is recessed a greater depth in the regions
in registry with the central portions of the defl ectable web section than
at the edges of the base plate underlying 8A% rim

INLT N
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‘section. 7. The sensor of claim 1l wherein there is a plurality of at
| east four posts on the di aphragm web secti on. 8. A pressure sensor
conprising a base plate, a diaphragmplate jncluding a rimsecured to the
base plate, and a central di aphragm web sédtion that is deflectabl e under
force toward the base plate




C_orrpr’i si ng; a plural i'ty of posts forned on gne of said pl at es iR~
registry with the deflectable web section, and form ng stops when the
defl ect abl e web section is deflected towsr/® the bas

FpEFRCe: & pr esEREL
amount, the plurality of posts conprising at |east {OMpoSts.on the
di aphragm web secti on. 9. The sensor of claif®§ wherej:n .t'Eer 3 ;!
posts evenl y—spaced on t he di aphragm web secti on. i 08 ,)U‘N /5 1

as Been Re{)laced '
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~10." A pressure sensor conprising a base plate having a central %6”1‘?1"0#,’5 a
“di'aphtagm plate including a rimsecured to the base plate, and a central
diaphragm portion having a deflectable web section defl ectabl e under force
toward the base plate, conprising; a plurality of posts fornmed on one
of said plates in registry with the deflectable web section, and form ng

stops when the deflectable web sectiorsis .
| REPLACEMENT SHEET

07 AUG 1996




b0oE73~9 1TP65

% .
defl ected toward the base plate a presel ected anount;
_/———"—/‘.’—‘—”_’_’: -
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CLAIMS: DATE COF RECEIPT..llla7........

1. A preéessure sensor comprising a base plate, a
diaphragm plate including a rim secured to the base
plate, and a central diaphragm web section that is
deflectable under force toward the base plate
comprising;

a plurality of posts formed on one of said plates
in registry with the deflectable web section, and
forming stops when the deflectable web section is
deflected toward the base plate a preselected amount,
said plurality of posts being integrally formed with
said deflectable web section of said diaphragm and
having ends which engage the base plate for forming
the stops.

2. The sensor of claim 1 wherein said posts have
outer end surfaces that are substantially planar for
contacting a facing surface of the base plate when the
diaphragm is deflected a preselected amount toward the
base plate.

3. The sensor of claim 2 and a layer of oxide
formed on said base plate forming a shallow layer that
is of a different material than the posts, to permit
slight shifting of the ends of the posts as they
contact the base plate.

4. The sensor of claim 3 wherein said base plate
is made of silicon, and the shallow layer is formed of

silicon dioxide.

5. The sensor of claim 4 wherein the silicon

dioxide is substantially three microns thick. —
| REPLACEMENT SHEET
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the plate other than the one plate having a surface facing the posts, which
surface is recessed a greater depth in central- portions of the other plate
t han at edges thereof. 11. The sensor of claim 10 and wherein the
posts are carried by the deflectable web section aﬂmuml e is the
base-:plate, the posts having ends whi chl®ngage sur W"Hmﬂgmpl ate,
and a |l ayer of oxide fornmed on the surface of the base pltaté fernrng a
shal l ow | ayer that is not as hard as the base plate,

6. The sensor of claim 5 wherein the base plate
has a surface facing the posts, which is recessed a
greater depth in the regions in registry with the
central portions of the deflectable web section than
at the edges of the base plate underlying the rim
section.

7. The sensor of claim 1 wherein there is a
plurality of at least four posts on the diaphragm web
section.

8. A pressure sensor comprising a base plate, a
diaphragm plate including a rim secured to the base
plate, and a central diaphragm web section that is
deflectable under force toward the base plate
comprising; ” '

a plurality of posts formed on one of said plates
in registry with the deflectable web section, and
forming stops when the deflectable web section is
deflected toward the base plate a preselected amount,
the plurality of posts comprising at least four posts
on the diaphragm web section.

9. The sensor of claim 8 wherein there are 16
posts evenly spaced on the diaphragm web section.

10. A pressure sensor comprising a base plate
having a centrai portion, a diaphragm plate including
a rim secured to the base plate, and a central
diaphragm portion having a deflectable web section
deflectable under force toward the base plate,
comprising;

a plurality of posts formed on one of said plates
in registry with the deflectable web section, and

forming stops when the deflectable web section..is
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to pern1t slight shifting of the ends of the posts as the posts contact the

surface of the base plate——

TR \ll\ u

deflected toward the base platé a preselected amount;

the plate other than the one plate having a
surface facing the posts, which surface is recessed a
greater depth in central portions of the other plate
than at edges thereof.

11. The sensor of claim 10 and wherein the posts
are carried by the deflectable web section and the
other plate is the base plate, the posts having ends
which engage surface of the base plate, and a layer of
oxide formed on the surface of the base plate forming
a shallow layer that is not as hard as the base plate,
to permit slight shifting of the ends of the posts as
the posts contact the surface of the base plate.
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HIGH OVERPRESSURE LOW RANGE PRESSURE SENSOR
ABSTRACT OF THE DISCLOSURE

A low range pressure sensor (10) includes a base plate of brittle material (12), and a
diaphragm plate assembly (14) mounted on the base plate (12) and sealed around a periphery
(16) to the base plate (12). Pressures are introduced to cause a center diaphragm sect.ion (18)
to deflect toward the base plate (12), and the deflection of the diaphragm (18) is sensed
through strain gauges (32) to provide an indication of the pressure. The diaphragm (18) is
provided with a plurality of individual support posts (36) on a side facing the base plate (12),
so that wt;en the diaphragm (18) is deflected towz;rd the base plate (12) under high
overpressures the support posts (36) will support the diaphragm (18) agaim';t movement {0
avoid failure or breakage of tﬁe diaphragm (18). The number of support posts (36) can be
varied as desired. In a preferred form of the invention, the base plate is provided with a
very thin layer (40) of silicon dioxide, which is a good electrical insulator and which also
serves to help accommodate_slight movement of the support posts (36) as they touch the

surface of the base plate (12) to reduce stress buildup in the diaphragm (18) as the
overpressure increases.
Figure 1.

This Is the replacement shaet

Date: 23/()-) 19 |



o0L73-9 TP

REPLACEMENT SHeeT

- 12 -

HIGH OVERPRESSURE LOW RANGE PRESSURE SENSOR
ABSTRACT OF THE DISCL.OSURE

A low range pressure sensor (10) includes a base plate of brittle mateﬁal .(12), and a
diaphragm plate assembly (14) mounted on the base plate (12) and sealed around a periphefy
(16) to the base plate (12). Pressures are introduced to cause a center diaphragm section (18)
to deflect toward the base plate (12); and the deflection of the diaphragm (18) is sensed
through strain gauges (32) to provide an indication of the pressure. The diaphragm (18) is
provided with a plurality of individual support posts (_36) on a side facing the base plate (12);
so that when the diaphragm (18) is deflected towz;rd the base plate (12) under high
overpressures the support posts (36) will support the diaphragm (18) against movement to

avoid failure or breakage of the diaphragm (18). The number of support posts (36) can be

_ varied as desired. In a preferred form of the invention, the base plate is provided with a

very thin layer (40) of silicon dioxide, which is a good electrical. insulator and which also
sefves to help accommodate slight movement of the support posts (36) as they touch the
surface of the base plate (12) to reduce stress buildup in the diaphragm (18) as the

overpressure increases.
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