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1. A semiconductor type differential pressure measurement apparatus

comprising a measuring diaphragm provided with measuring chambers on both sides
thereof, characterized by further comprising:

a first chamber constituting one of said measuring chambers, defined by a
predeterminesf space which is provided between a silicon substrate and a diaphragm
formed on said silicon substrate;

a first communicating hole provided in said silicon substrate, one end thereof
communicating with said first chamber;

a concave portion provided on said diaphragm on a side oppos}ite that on
which said first chamber is provided;

a second chamber provided on said silicon substrate with an overhang, said
second chamber communicating with said concave portion and extending about said
diaphragm except at said first communicating hole;

a second communicating hole provided in said silicon subsicate, one end
thereof communicating with said overhang;

a strain detector element provided on said diaphragm on a side on which

said concave portion is established; and
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a support substrate having one surface joined with a surface of said silicon
substrate, said support substrate together with said concave portion defining there
between a third chamber which is in communication with said second chamber and

constitutes another of said measuring chambers.
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The present invention relates to a semiconductor type differential pressure
measurement apparatus.

Figure 1 is an explanatory drawing of a prior art structure. Reference may
be made, for example, to Figure 1 of JP-A-59-56137 (the term "JP-A-" as referred
to herein signifies "a published unexamined Japanese patent application").

Referring to Figure 1, a flange 2 and another flange 3 are fitted and
assembled on both sides of a housing 1 by means of welding or the like, and an
inlet 5 for introducing a high pressure fluid with a pressure of Py and an inlet 4 for
a low pressure fluid with a pressure of Py_4re provided on both of the flanges 2 and
3. A pressure measuring chamber 6 equipped with a center diaphragm 7 and a
silicon diaphragm 8 is established inside the housing 1.

The center diaphragm 7 and the silicon diaphiagm 8 are each separately

fixed on the wall of the pressure measuring chamber 6 to divide the chamber 6 into

two parts. Back plates 6A and 6B are provided on the wall of the pressure

measuring chamber 6 in such a manner that they face the

950125,p: \oper\kay,44735.pag,2



center diaphragm 7. The periphery of the center diaphragm
is welded to the housing 1.

The silicon diaphragm 8 is made entirely from a single
crystal substrate. Four strain gauges 80 are formed on one
side of a silicon substrate by selective ..ffusion of an
impurity such as boron, and the other side is subjected to
machining and etching to form a concave diaphragm. When the
silicon diaphragm 8 is subjected to a differential pressure
aP, two of the thus established strain gauges 80 are
subjected to tension whereas the remaining two gauges
undergo compression. The strain gauges are connected to a
Wheatstone bridge to detect the change of differential
pressure aP as a change in electric resistance. A lead 81
is attached at one end to the strain gauge 80, and is
conrected to a hermetic terminal 82 at the other end.

The hermetic terminal is held by a support 9. The end
of the support 9 facing the pressure measuring chamber 6 is
fixed and adhered to the silicon diaphragm 8 using u low
melting point glass or the like.

Pressure-introducing chambers 10 and 11 are provided
between the housing 1 and each of the flanges 1 and 2.
Liquid separation diaphragms 12 and 13 are further provided
inside the pressure-introducing chambers 10 and 11, and
back plates 10A and 11A having shapes similar to the liquid

separation diaphragms 12 and 13 are formed on the wall of
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the housing 1 in such a manner that they face the liquid
separation diaphragms 12 and 13.

The liquid separation diaphragms 12 and 13 together
with the back plates 10A and 11A define a space
communicating with the pressure measuring chamber 6 via
comnunicating holes 14 and 15. Portions 101 and 102 filled
with a sealed liquid such as silicon o0il are provided
between the liquid separation diaphragms 12 and 13 in such
a manner that the sealed liquid may reach the upper and the
lower planes of the silicon diaphragm through the
communicating holes 16 and 17. The sealed 1liquid is
separated into the portions 101 and 102 by the center
diaphragm 7 and the silicon diaphragm 8 such that the
amounts in both are substantially equal.

The aforementioned construction allows transmission of
a pressure being exerted from the high pressure side, by
transmitting the pressure applied to the liquid separation
diaphragm 13, to the silicon diaphragm 8 wvia the sealed
liquid portion 102. When a pressure is applied from the low
pressure side, on the other hand, the pressure exerted to
the liquid separation diaphragm 12 is transmitted to the
silicon diaphragm 8 via the sealed liquid portion 101.

Accordingly, it can be seen that the silicon diaphragm
8 1s deformed by the pressure difference between the

pressure on the high pressure side and that on the low
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pressure side. This quantity of deformation, i.e., strain, is electrically drawn out by
the strain gauge 80 for measuring differential pressure,
An apparatus as described in the foregoing, however, suffers the following
disadvantages.
5 (1) Because the pressure Py on one side of the differential pressure measuring

apparatus is applied to the periphery of the sensor, the exterior of the sensor must
be covered by a pressure resistant container;

(2) A pressure-resistant hermetic seal terminal for drawing out the electric signal
to the outside of the apparatus is required;
10 (3) A complicated manufacturing method is necessary for making a sensor, because
it requires machining of both faces of a silicon wafer; and
(4) An overpressure protection mechanism should be provided separately because
the sensor alone has no such protective means against overpressure.
The present invention provides a means for overcoming or at least alleviating
15 some of the aforementioned problems.
According to a first aspect of the present invention there is provided a
semiconductor type differential pressure measurement apparatus comprising a

measuring diaphragm provided with measuring chambers on both sides thereof,

RN characterized by further comprising:
'.' 20 a first chamber constituting one of said measuring chambers, defined by a
.. .: predetermined space which is provided between a silicon substrate and a diaphragm
formed on said silicon substrate;
"' o a first communicating hole provided in said silicon substrate, one end thereof

communicating with said first chamber;
e 25 a concave portion provided on said diaphragm on a side opposite that on
$'s which said first chamber is provided;
: a second chamber provided on said silicon substrate with an overhang, said

second chamber communicating with said concave portion and extending about said

R IR diaphragm except at said first communicating hole;
I 30 a second communicating hole provided in said silicon substrate, one end

thereof communicating with said overhang;

a strain detector element provided on said diaphragm on a side on which

950111,q:\oper\kay,44735-91.5pe,5
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said concave portion is established; and

a support substrate having one surface joined with a surface of said silicon
substrate, said support substrate together with said concave portion defining there
between a third chamber which is in communication with said second chamber and
constitutes another of said measuring chambers.

According to a second aspect of the present invention there is provided a
semiconductor type differential pressure measurement apparatus comprising a
measuring diaphragm provided with measuring chambers on both sides thereof,
characterized by further comprising:

a first chamber constituting, one of said measuring chamber, defined by a
predetermined space which is provided between a silicon substrate and a diaphragm
formed on said silicon substrate;

a first communicating hole provided in said silicon substrate, one end thereof
communicating with said first chamber;

a concave portion provided on said diaphragm on a side opposite that on
which said first chamber is provided;

a second chamber provided on said silicon substrate with an overhang, said
second chamber communicating with said concave portion and extending about said
diaphragm except at said first communicating hole;

a second communicating hole provided in said silicon substrate, one end
thereof communicating with said overhang;

a strain detector element provided on said diaphragm on the side on which
said concave portion is mounted;

a support substrate having one surface joined with a surface of said silicone
substrate having said concave portion provided thereon, said support substrate
together with said concave portion defining therebetween a third chamber;

a first strain detector element located on an edge portion of said diaphragm
on the side on which said concave portion is established;

a second strain detector element located on said measuring diaphragm on
the side on which said concave portion is established and at a position slightly offset
from the center of said measuring diaphragm, said second strain detector element

being located in such a manner that it may output, at least within the allowable

950111,q:\oper\kay,44735-93.spe,6
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limit for measurement, a reverse phase signal with respect to the output signal of
said first strain detector element, provided that the differential signal of the output
signals of said first and said second strain detector elements behaves as a single-
valued function of the applied pressure; and

a means for detecting overvoltage which judges whether an overvoltage is
applied or not by detecting the differential of the output signals of said first and
said second strain detector elements,

Embodiments of the invention will now be described by way of example only
with reference to the accompany drawings in which:

FIG. 1 is an explanatory figure showing the construction of a conventional
apparatus;

FIG. 2is an explanatory figure showing the construction of an embodiment
according to the present invention;

FIG. 3 is a cross sectional view taken along line A-A of FIG. 2;

FIG. 4 is a cross sectional view taken along line B-B of FIG. 2;

FIG. 5 is a detailed explanatory figure of the portion shown in FIG. 2;

FIG. 6 is a detailed explanatory figure of the portion shown in FIG. 2;

FIG. 7 is an explanatory figure showing the etching step of the structure
shown in FIG. 2;

FIG. 8 is a planar view of the structure shown in FIG. 7;

FIG. 9 is an explanatory figure showing the step of epitaxial growth in the
structure shown in FIG. 2;

FIG. 10 is an explanatory figure showing the polishing step of the structure
shown in FIG. 2;

FIG. 11 is an explanatory figure showing the step of

950111,q:\oper\kay;44735-93.spe.&:
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forming a concave portion in the structure shown in FIG. 2;

FIG. 12 1is an explanatory figure showing the
perforation step of the structure shown in FIG. 2;

FIG. 13 is an explanatory figure showing the etching
step of the structure shown in FIG. 2;

FIG. 14 is an explanatory figure showing the joining
step of the structure shown in FIG. 2;

FIG. 15 is an explanatory figure showing the essentied
construction of another embodiment according to the present
invention;

Ehe
FIG. 16 is a detailed explanatory figure showing,aa

Showon

essentiad portionAin FIG. 2;

FIG. 17 is an explanatory figure showing an operation
of the structure shown in FIG. 16;

FIG. 18 is an explanatory figure showing an operation
of the structure shown in FIG. 1l6;

FIG. 19 is an explanatory figure showing an operation
of the structure shown in FIG. 16;

FIG. 20 is an explanatory figure showing an operation
of the structure shown in FIG. 16;

FIG. 21 is an explanatory figure showing an operation
of the structure shown in FIG. 16;

FIG. 22 is an explanatory figure showing an operation

of the structure s-own in FIG. 16;

FIG. 23 is an explanatory figure showing an operation

9
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of the structure shown in FIG. 16;

FIG. 24 is an explanatory figure showing an operation
of the structure shown in FIG. 16;

FIG. 25 is an explanatory figure showing an operation
of the structure shown in FIG. 16;

FIG. 26 is an explanatory figure showing the eesew=tl
construction of another embodiment according to the present
invention;

FIG. 27 is a cross sectional view taken along line C-C
of FIG. 26;

FIG. 28 is a detailed explanatory figure showing::::

S\™ousn
essoFEsas portion,in FIG. 27;

FIG. 29 is an explanatory figure fordzg SeeRterd
portion of an embodiment of a means for judging
overpressure of the structure shown in FIG. 263

FIG. 30 is an explanatory figure showing an operation
of the structure shown in FIG. 26;

FIG. 31 is an explanatory figure showing an operation
of the structure shown in FIG. 26;

FIG. 32 is an explanatory figure showing an etching
step according to another embodiment of the present
invention:

FIG. 33 is an explanatory figure showing a step for

forming another epitaxially grown layer 205 according to
an erosdiment ot

4 the present invention;
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FIG. 34 is an explanatory figure showing a step of forming another silicon
oxide layer 206 according to an embodiment of the present invention;
FIG. 35 is an explanatory figure showing a step for forming another
epitaxially grown layer 207 according to an embodiment of the present invention;
S FIG., 36 is an explanatory figure showing another polishing step according to
an embodiment of the present invention;
FIG. 37 is an explanatory figure showing another step for removing a silicon
oxide layer 206 according to an embodiment of the present invention;
FIG. 38 is an explanatory figure showing another step for forming a concave
10 portion 208 according to an embodiment of the present invention;
FIG. 39 is an explanatory figure showing another step for perforating a hole
209 according to an embodiment of the present invention;
FIG. 40 is an explanatory figure showing another step for removing a silicon
oxide layer 203 by etching according to an embodiment of the present invention;
15 FIG. 41 is an explanatory figure showing another joining step according to
an embodiment of the present invention;
FIG. 42 is an explanatory figure showing an etching step according to still
another embodiment of the present invention;

. FIG. 43 is a planar view of the structure show in FIG. 42;
:i-:: 20 FIG. 44 is an explanatory figure showing a step for forming a further
.. ‘ epitaxially grown layer 305 according to an embodiment of the present invention;
.;.. FIG. 45 is an explanatory figure showing a further polishing step according
... to an embodiment of the present invention;

FIG. 46 is an explanatory figure showing a further step for forming a concave

o 25 portion 306 according to an embodiment of the present invention;
335:: FIG. 47 is an explanatory figure showing a further step for perforating a hole
egeee 307 according to an embodiment of the present invention;
FIG. 48 is an explanatory figure showing a further step for removing a silicon
._‘- oxide layer 303 by etching according to an embodiment of the present invention;
sk 30 FIG. 49 is an explanatory figure showing a further joining step according to

an embodiment of the present invention;

FIG. 50 is an explanatory figure showing an etching apparatus according to

950111,q:\oper\kay,44735-93.5pe, 10
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a further embodiment of the present invention;

FIG. 51 is an explanatory figure showing an operation of a further
embodiment according to the present invention;

FIG. 52 is an explanatory figure showing the operation of yet another
5 embodiment according to the present

950111,q:\oper\kay,d44735-93.5pe, 10



invention; and

FIG. 53 is an explanatory figure showing the operation
of still another embodiment according to the present

invention.

FIG. 2 is an explanatory figure of , the—essential
portion of an embodiment according to the present
invention. FIG. 3 shows a cross secticnal view taken along
line A-A of FIG. 2, and FIG. 4 is a cross sectional view
taken along line B-B of FIG. 2.

In the figures, portions having the same functions as
those shown in FIG. 1 are indicated with the same symbols.
Only portions differing from those indicated in FIG. 1 are
explained below.

Referring to FIG.: 2, a first chamber 21 having an
extremely narrow predetermined spacing is provided on a
silicon substrate 22 to form a diaphragm 23.

A first communicating hole 24 which communicates with
the first chamber 21 at one of its ends is established on
a silicon substrate 22, and a thin film concave portion 25
is provided in the diaphragm 23 on the side upposite to the
face on which the first chamber 21 is provided.

A second chamber 26 communicating with the concave
portion 25 is provided on the silicon substrate 22, and the

diaphragm 23 is surrounded by this second chamber in a

11
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ring-like manner except at the first communicating hole 24.

A strain detector element 27 is provided on the side
of the diaphragm 23 facing the concave portion 25.

A support substrate 28 is joined by one surface
thereof with the surface of the silicon substrate 22 on
which the concave portion is provided, and it, together
with the concave portion 25, defines a chamber 29 and the
second chamber 26.

Referring also to FIG. 5, a connection 31 is formed by
introducing impurities into the joint surface hetween the
silicon substrate 22 and the support substrate 28, and is
connected to the strain detector element 27 at one end.

Referring again to FIG. 5, a contact 32 is provided to
support substrate 28 on the joint side with the silicon
substrate 22, and is connected to the connection 31 at one
end.

Ag shown in FIG. 5, a groove 33 is formed on the
silicon substrate 22 at the vicinity of the contact 32. The
groove 33 imparts an appropriate repulsive force to the
contact portion betw:2en the silicon substrate 22 and the
contact 32 to assure stable contact between the coritact 32
and the connection 31.

Referring also to FIG. 6, a filterxr portion 41 is
provided to the silicon substrate 22 to prevent the

inclusions contained in the fluid, i.e., the pressurs

12
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medium, from entering the first chamber 21 or the chamber
29. In this embodiment, two filter portions are established
in the structure.

The inclusion of unfavorable dust or particles is
avoided by applying a semiconductor fabrication process to
provide a sufficiently small gap d for the filter portion
41. That is, the gap d of the filter portion 41 is formed
in such a manner that it may be sufficiently small as to
satisfy the relation d £ (A - B), wherein A represents the
spacing of the first chamber 21, and B represents the
displacement of the diaphragm 23. One side of the filter
portion 41 is connegted to the first communicating hole 24,
and the other side is connected to the chamber 29 via the
second communicating hole 42.

A first connection hole 51 for introducing pressure is
established on the supporting substrate 28 and connected to
one of the sides of the filter portion 41. The other end of
this hole 51 is left open to the atmosphere.

A second connection hole 52 for introducing pressure
is established on the supporting substrate 28 and connected
to one of the sides of the filter porticn 41. The other end
of this hole 52 is left open to the atmosphere.

An overhang 53 is connected to the second chamber 26.
The over¥ang 53 is provided such that it may receive a high

pressure in «ase such a high pressure is applied to the

13



overhang 53, thereby preventing great stress from
generating &t the joint portion between the silicon
substrate 22 and the support substrate 28.

In the structure as above, the measuring pressure of
the high pressure side is applied to the first chamber 21
whereas that of the low pressure side is applied to the
chamber 29.

As a result, the silicon diaphragm 23 is deformed in
accordance with the pressure difference between the higher
and lower pressure sides, and the strain thus generated is
electrically detected by the strain detector element 27.
Thus, differential pressure can be measured by drawing out
the strain externally as an electrical signal via a lead 31
and a contact 32.

When overpressure is applied to the first chamber 21,
the wall of the chamber 29 backs onto the diaphragm 23.
When an overpressure is applied to the chamber 29, on the
other hand, the wall of the first chamber 21 backs onto the
diaphragm 23. |

The process for fabricating the apparatus having the
aforementioned structure is described below with reference
to seguential steps illustrated in FIGs. 7 to 14.

Referring to FIG. 7, a desired pattern 102 is etched
out on an SOI (silicon on insulator) wafer 101 by RIE

(reactive ion enhanced) etching a silicon oxide layer 103

14



and a siliccn layer 104. The planar view of the structure
illustrated in FIG. 7 is given in FIG. 8.

An epitaxially grown layer 105 is established on the
surface of the SOI wafer 101 as shown in FIG. 9.

The surface of the epitaxially grown layer 105 is
polished as in FIG. 10 to obtain a mirror surface.

Referring to FIG. 11, the surface of the epitaxially
grown layer 105 is etched by RIE etching to form a concave
portion 106.

As shown in FIG. 12, a hole 107 for etching the buried
silicon oxide layer 103 is formed by either RIE etching or
wet etching using potassium hydroxide.

The surface of the silicon oxide layer 103 is etched
using an agqueous hydrogen fluoride solution or a hydrogen
fluoride gas, as illustrated in FIG. 13.

A silicon substrate 22 is anodically joined to a
support substrate 28 made from Pyrex glass. The resulting
structure is shown in FIG. 14.

The structure thus obtained results in an apparatus

having the following advantages.
(1) The apparatus can be obtained free of any special
pressure resistant container, because the exterior of the
differential pressure sensor can be exposed to atmospheric
pressure;

(2) The apparatus requires no high pressure-resistant

15



hermetically sealed terminals for drawing externally an
electric signal;
(3) The fabrication process can be simplified because the
silicon wafer is machined from only one side;
{(4) The apparatus needs no separate protective mechanism
against over pressure, because the sensor itself is
equipped with such a mechanism; and
(5) The differential pressure measuring apparatus can be
favorably obtained free from noise, because the propagation
of an external disturbing strain to the diaphragm 23 can be
effectively avoided by the first chamber 21, the chamber
29, and the second chamber 26 surrounding the diaphragm 23.
an eracd i iment o’Q

It can be seen from the foregoing thatathe present
invention economically provides, a high performance compact
differential pressure measurement apparatus free from any
special pressure resistant casing or a separate protective
mechanism against overpressure, yet without using any
pressure resistant hermetically sealed terminals.

Referring to FIG. 15, which is an explanatory figure
showing. the essential portion of an apparatus according to
another embodiment of the present invention, the structure
of the apparatus is described below.

The apparatus according to the present embodiment is

characterized in that a third connection hole 54 for

16
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introducing pressure and communicating directly to a
chamber 29 is provided on a support substrate 28.

The support substrate 28 may be made of silicon or
polysilicon (polycrystalline silicon) instead of Pyrex.

It is a matter of course that not only an SOI
substrate but also a silicon substrate having a patterned
silicon oxide film thereon and polysilicon grown further
thereon can be used in the fabrication process.

as Soran wa FiG. b,

In the apparatus illustrated in FIG. 2,, strain
detector elements 271 and 272 are arranged generally on the
diaphragm 23 in such a manner that maximum sensitivity is
achieved. More specifically, one element is placed at the
center and the other on the edge of the diaphragm 23, so
that they may undergo reverse phase operation.

The differential pressure measurement apparatus shown
in FIG. 2 receives overpressure directly with the diaphragm
23. Accordingly, the measuring diaphragm 23 displaces and,
if it surpasses the predetermined spacing, immediately
backs onto the wall of the first chamber 21 or the chamber
29 which both function as a measuring chamber.

It can be seen therefrom that the strain which
generates on the strain detector elements 271 and 272
undergoes a non-linear change;

The relationship between the strain detected by the

strain detector elements 271 and 272 and the applied

17



pressure is shown in FIG, 17. The curves indicated by A and
B in the graph are strain curves obtained by the detector
elements 271 and 272, respectively, and the curve indicated
by C corresponds to the difference between the strain
obtained by the detector elements 271 and 272.

The process of detecting overpressure using the strain
detector elements 271 and 272 is described below.

(1) Referring to the strain detector element 272
placed in the center of the diaphragm 23 as shown in FIG.
18, a tensile strain can be detected when an overpressure
is applied from the direction indicated with an arrow
marked D until the diaphragm 23 touches the wall of the
first chamber 21.

It can be seen from FIG. 19 that compression strain is
detected instead of tensile strain once the diaphragm is
brought into contact with the wall of the first chamber 21.
In the subsequenﬁ process of extending the diaphragm 23
against wall of the first wall 21 which the diaphragm 23 is
backed up against as shown in FIG. 20, the strain again
turning into a tensile strain. Conclusively, the strain
detected by the strain detector element 272 on applying
overpressure changes from an increase to decrease, and then
to increase again. Thié change in detected strain is
illustrated in the graph of FIG. 21.

It can be seen from the foregoing that there is no

18
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one-to-one correspondence between the applied pressure and
the strain is detected by the strain detector element 272
alone. It follows that, as can be seen in the graph of FIG.
22, the detected strain £ cannot be definitely designated
an overpressure, because the strain as read may be
identified as either a pressure Pl within the allowable
measurement range or a pressure P2 Dbelonging to the
overpressure range.

(2) The strain detected by the strain detector element
271 which is placed on thé edge of the diaphragm 23
increases uniformly with increasing applied pressure. This
signifies that the relationship between the applied
pressure and the strain is a one-to-one correspondence and
that the overpressure can be Jjudged from the detected
Strain.

Considering the practical use of the detector element
271, however, it can be seen that it is subject to various
changes in conditions with respect to, for example, static
pressure and temperature. When a static pressure is applied
in addition to differential pressure, for instance, the
strain
detected by the strain detector element 271 includes an
additional offset. Accordingly, the true characteristic
curve for the strain indicated by E in the graph of FIG. 23

may be displaced to give curve F as shown in the same

19



graph. If the initial strain under overpressure should be
determined as {, the actual overpressure may slip from P3
to P4 making detection thereof impossible.

(3) Then, to cancel out the influence attributed to
static pressure, temperature, etc., the difference between
the cutput signals from the strain detector elements 271
and 272 may be calculated and used for judging the
overpressure.

This method, however, is not feasible because the
differential signal obtained from the strain detector
elements 271 and 272 again has no one-to-one correspondence
with the applied pressure. This can be seen clearly in FIG.
24 . The reason for the lack of one-to-one correspondence in
the relationship between the applied pressure and the
detected differential strain signal is believed to be as
follows. That is, the strain detector element 271 recovers
too fast from the deformed state under compression so that
even when the differential signal is detected between the
detector elements 271 and 272, no output can be obtained as
a uniformly decreasing or increasing signal under such an
overpressure condition.

In FIG. 25 is given the relation between the applied
overpressure and the strain detected by the strain detector
element 272 (the curve marked with G) and that between the

applied pressure and the strain detected by the strain
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detector element 271 (the curve marked with H).

It can be seen from the foregoing that overpressure
cannot be detected with sufficient precision by any of the
aforementioned three methods.

Furthermore, a means of providing a detector element
for detecting overpressure in addition to the strain
detector elements 271 and 272 can be considered. However,
the installation of an additional strain detector element
for detecting overpressure requires novel structures and
electric circuits to be incorporated. This inevitably
causes an increase in the manufacturing cost and additional
process steps to be incorporated in the manufacturing
method.

- In FIG. 26 1s shown an explanatory figure of the
essential portion of another embodiment according to the
present invention. FIG. 27 shows a cross sectional view
taken along line C-C of FIG. 26.

In the figures, the portions having the same functions
as those shown in FIG. 2 are indicated with the same
symbols. Only the portions differing from those indicated
in FIG. 2 are explained below.

A first strain detector element 61 1is placed at the
edge portion of the measuring diaphragm 23. A second strain
detector element 62 is placed at a position slightly offset

from the center of the diaphragm 23 in such a manner that
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the differential between the output signal therefrom and
that from the first strain detector element 61 may change
as a single-value function (i.e., the differential signal

is in one-to-one correspondence with the applied pressure).

A means 63 for detecting overpressure which detects
the differential signal between the signals from the first
strain detector element 61 and the second strain detector
element 6§2 is provided to judge whether an overpressure is
applied or not. Referring to FIG. 29, for example, the
means 63 for detecting overpressure may comprise a CPU
(central processing unit) 65 to perform differential
calculation on the signals from the first strain detector
element 61 and the second strain detector element 62, and
a signal based on the judgement after comparing the
differential with the standard signal 67 using a comparator
is output as an overpressure judging signal 68.

A detection signal 71 for the differential of measured
pressure is also output from the results obtained through
the calculation in the CPU 5.

In the apparatus having the aforementioned structure,
a measuring pressure of the high pressure side and a
measuring pressure of the low pressure side are applied
respectively to the measuring chambers 21 and 29 provided

on both sides of the measuring diaphragm 23. Then, as a
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result, the silicon diaphragm 23 deforms in correspondence
to the pressure difference between the applied higher and
lower pressures, The strain resulting from the deformation
of the diaphragm is electrically detected by the strain
detector elements 61 and 62, and the signal corresponding
to the strain is output to the exterior via a lead 31 and
a contact 32 to give the differential pressure.

When an overpressure is applied to the diaphragm 23,
the wall of either of the measuring chambers 21 and 29
backs up against the deformed diaphragm.

In FIG. 30 is given the relation between the applied
overpressure and the strain detected by the strain detector
element 61 (the curve marked with I) and that between the
applied pressure and the strain detected by the strain
detector element 62 (the curve marked with J). The graph
shown in FIG. 31 shows the relation between the
overpressure and the difference between the strain detected
by the detector elements 61 and 62.

when a strain detector element 272 is placed at the
center of the diaphragm 23 as in a conventional
construction, the signal for the difference in strain
yields a characteristic curve exhibiting an abrupt decrease
from the point where the diaphragm 23 contacts with the
wall of the measuring chambers 21 and 29. Reference may be

made to FIG. 24 for such a characteristic curve. In

23




contrast to this characteristic behavior for the
an embodiment of
conventional apparatuses, that according toAthe present
invention yields a uniformly increasing curve as shown in
FIG. 31 for the differential of the detected strains. Since
the strain can be expressed as a single-valued function of
the applied pressure (i.e., the difference between the
detected strains is in one-to-one correspondence to the
applied pressure), whether an overpressure is applied or
not can be easily judged. .
on e odiment ot

This advantage in the apparatus according 1x>*the
present invention is believed to be attributable to the
fact that decrease in the detected strain for the strain
detector element 62 is somewhat relaxed as compared with
the abrupt recovery of the strain in the conventional
strain detector element 272. More specifically, it is
believed that the strain recovery occurs only in a part of
the fixed portions of the strain detector element 62 and
that it does not take place at other fixed portions.

It can be seen from the foregoing that the difference

between the detected strains from the strain detector

elements 61 and 62 does not yield a decrease 1in the

characteristic strain curve with respect to the applied
pressure, and that thereby it can be applied to detecting
overpressure.

In conclusion, a semiconductor type differential

24
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pressure measurement apparatus capable of detecting
overpressure with high reliability can be obtained. The
overpressure can be detected with high reliability by using
a semiconductor differential pressure measuring apparatus
equipped with a measuring diaphragm 23 which can be readily
backed up by the walls of chambers 21 and 29, provided that
one of the strain detector elements, i.e., the element 62,
is placed slightly offset from the center of the diaphragm
23, and thereby calculating the différence between the
strain detected by the strain detector element 62 and the
strain detector element 61 established on the edge portion

of the diaphragm 23.

an emacad venert of
Furthermore, the apparatus according toﬂtha present

invention can be manufactured without a separate strain
detector element for detecting overpressure. Accordingly,
a simple and highly reliable semiconductor type
differential pressure measurement apparatus can be
economically obtained with good economy.

o Creedimant ST

The apparatus according tg4the present invention can

be obtained by slightly displacing the position of the

strain cdetector element from the position in a conventional

apparatus. It follows that the apparatus

y;esa#%=éﬁveas$ga can be fabricated by a slight c¢hange in

the semiconductor fabricatioen process such as changing the

etching pattern. Thus, the acguired knowledge in
25
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manufacturing semiconductors can be fully utilized to
obtain good product yield.

In short, the present invention realizes a simple ~nd
economical semiconductor type differential pressure
neasurement apparatus which is capable of detecting
overpressure with high reliability.

Referring to the apparatus illustrated in FIG. 2, the
precision of finishing the diaphragm 23 to a desired
thickness depends on the polishing step as shown in FIG.
10. Polishing methods in general yield a precision of about
15 um for a finished thickness of 500 pm, and a higher
precision cannot be achieved. The thickness of the

diaphragm used in the apparatus

Imwsmtdion is about 20 pm. However, a dimensional precision
of £5 um is too large and impairs the product yield. A poor
product yield raises the manufacturing cost.

Referring to FIGs. 32 to 41, another embodiment
according to the present invention for overcoming the
problem above is described below. More specifically, a
method for manufacturing a semiconductor type differential
pressure measurement apparatus as illustrated in FIG. Z is
explained. The present method provides an apparatus

equipped with a diaphragm whose thickness dimension is

controlled with high precision, and yet which is
economical.
26
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Referring to FIG. 32, an SOI wafer having a silicon
oxide layer 203 and a silicon layer 204 is subjected to RIE
etching to remove the predetermined portions 202. In this
case, for example, the silicon substrate 204 is about 600
pum in thickness, and comprises thereon the silicon oxide
layer 203 which is about 1 pm thick and the silicon layer
204 which is about 0.5 um thick.

An epitaxially grown layer 205 is then‘grown to a
thickness of about 20 um on the surface of the SOOI wafer
201. The resulting structure is shown in FIG. 33. The
thickness of the diaphragm 23 depends on the thickness of
this epitaxially grown layer 205.

A silicon oxide film 206 is then patterned on the
peripheral surface of the epitaxially grown layer 205. This
structure is shown in FIG. 34. The thus patterned silicon
oxide film 206 functions as a stopper in the selective
polishing.

Referring to FIG. 35, an epitaxially grown layer 207
is developed at a predetermined thickness on the surface of
the previously obtained epitaxially grown layer 205. The
epitaxially grown layer 207 may be established, for
instance, at a thickness of about 5 pm.

Referring to FIG. 36, the resulting structure is
subjected to selective polishing using the silicon oxide

film 206 as a stoppex. This step is conducted by mechanical
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polishing using a polishing solution comprising a weakly
alkaline solution having suspended therein collc.dal silica
{(a fine powder of silicon oxide). Because the ratio of the
polishing rate of silicon to that of silicon oxide amounts
to about 100, polishing does not advance beyond the silicon
oxide film 206.

The silicon oxide film 206 is then removed by etching
to give the structure shown in FIG. 37.

A concave portion 208 is etched on the epitaxially
grown layer 205 by RIE etching to give the structure shown
in FIG. 38.

Referring to FIG. 39, a hole 208 for use in etching
the silicon oxide layer 203 in the SOI wafer is perforated
in the epitaxially grown layer 205 by etching, using either
RIE etching or potassium hydroxide.

Referring to FIG. 40, the silicon oxide layer 203 is
etched using either an aqueous hydrogen fluoride solution
or a hydrogen fluoride gas.

A silicon substrate 22 is anodically joined with a
support substrate 28 made of Pyrex glass to obtain the
structure shown in FIG. 41.

The thus obtained structure readily results in a
semiconductor type differential pressure measurement
apparatus comprising a diaphragm 23 having a thickness

controlled with high precisicn. A diaphragm with high

28
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dimensional precision was achieved by patterning a silicon
oxide film 206 on the surface of the periphery of the
epitaxially grown layer 205 and conducting thereafter
selective polishing using the silicon oxide film 206 as the
stopper. This method, as a result, has a greatly reduced
manufacturing cost. Furthermore, in this case, the
diaphragm 23 was obtained at a thickness of ‘20 um and with
a precision as high as *0.5 um.

As a matter of course, the SOI substrate may be
replaced by a silicon substrate obtained by forming thereon
a patterned silicon oxide film and further thereon a
polysilicon layer.

It can be seen from the foregoing that the—present

S Provided
method A for manufacturing a

. . : a

L

semiconductor type differential

pressure measurement
apparatus capable of economically realizing a diaphragm of
high dimensional precision.

Referring to the apparatus illustrated in FIG. 2, a
sacrificial layer etching technique may be applied in the
establishment of the first chamber 21 between the diaphragm
23 and the silicon substrate 22.

The technique of sacrificial layer etching refers to
a method in which first a sacrificial layer is provided

between a substrate and a structural layer (a layer which

functions as a constituent of a structure), and finally the
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sacrificial layer alone is removed by selective etching to
provide an opening between the structure and the substrate.
For details of this process, reference may be made to, for
example, "Novel Freeze and Dry Process for Sacrificial
Layer Etching Process", Proc. Annual Meeting of Electrical
Society of Japan, 1992, Vol. 4, No. 397.

The fabrication of an apparatus as shown in FIG. 2,
however, suffers the following problems.

On drying the diaphragm 23 after rinsing, the
diaphragm 23 tends to be adsorbed into the silicon
substrate 22 by the surface tension o0f the rinsing
solution, and it bften occurs that the diaphragm cannot be
easily separated from the silicon substrate 22.

As a means for overcoming this problem, a freeze and
dry process which comprises freezing the rinsing solution
before drying and sublimating the frozen rinsing solution
has been proposed. However, it is requisite in this process
to control the temperature of the wafer to prevent the
dissolution of the rinsing solution during the sublimation.
It is necessary to prevent dewing from occurring when
taking the wafer out into the open air upon completion of
the sublimation. Accordingly, the process suffers poor
reproducibility and requires complicated process steps.

Phe surfaces of the diaphragm 23 and the silicon

substrate 22 are rendered adhesive after the silicon oxide
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layer 103 is etched, because hydroxyl ion (QOH") groups
remain attached to the dangling bonds of the surface
silicon atoms. Since those OH™ groups readily combine with
each other to generate H;0, the silicon atoms are thereby
combined by oxygen atoms.

Referring to FIGs. 42 to 49, another embodiment
according to the present invention for overcoming the
problem above is described below. More specifically, a
method for manufacturing a semiconductor type differential
pressure measurement apparatus free from mutual adhesion of
the diaphragm 23 and the silicon substrate 22 is described
below.

Referring to FIG. 42, an SOI wafer having a silicon
oxide layer 303 and then a silicon layer 304 is subjected
to RIE etching to remove the predetermined éortions 302.
FIG. 43 gives a planar view of the structure shown in FIG.
42.

An epitaxially grown layer 305 is then established on
the surface of the S0I wafer 301. The resulting structure
is shown in FIG. 44.

Referring to FIG. 45, the surface of the epitaxially
grown layer 305 is subjected to polishing to obtain a
mirror surface.

The thus obtained epitaxially grown layer 305 is then
subjected to RIE etching to give a concave portion 306. The
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resulting structure is shown in FIG. 46.

Referring to FIG. 47, a hole 307 for use in etching
the buried silicon oxide layer 303 in the SOOI wafer is
perforated in the epitaxially grown layer 306 by etching,
using either RIE etching or potassium hydroxide,.

Referring to FIG. 48, the structure is subjected to
vapor phase etching in a mixed gas comprising hydrogen
fluoride gas and a trace amount of water vapor, using the
silic-1 oxide layer 303 as the sacrificial layer. The vapor
phase etching of the sacrificial layer may be conducted,
for example, in a mixed gas containing 95% nitrogen gaé,
4.99% hydrogen fluoride gas, and 0.01% water vapor.
However, it should be understood that the mixing ratio of
the gas components is given only as an example, and other
gas mixtures may be used so long as vapor phase etching
might be conducted therein.

A silicon substrate 22 is anodically joined with a
support substrate 28 made of Pyrex glass to obtain the
structure shown in FIG. 49.

An etching apparatus according to the present
invention is shown schematically in FIG. 50. Referring to
FIG. 50, the apparatus comprises a chamber K, a sample
support L with a wafer M to be etched being mounted
thereon.

The vapor phase etching in this apparatus proceeds
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according to a reaction scheme expressed as follows:

Si0, + HF + H,0 = SiF,! + H,0f
Nitrogen (N;) gas is circulated at a sufficient amount to
drive out gaseous silicon fluoride (SiF,) and water (H,0)
from the system and thereby prevent liquefaction from
occurring.

In this manner, the diaphragm 23 and the silicon
substrate 22 can be prevented from adhering to each other
by the surface tension of the remaining liquid.

A wet etching process produces silicon surfaces as
illustrated in FIG. 51 upon etching of silicon oxide (Si0,).
It can be easily understood that the diaphragm 23 and the
silicon substrate 22 readily combines with each -other
through a tight chemical bonding as shown schematically in
FIG. 52.

In the method according to the present invention,
which is in clear contrast to the wet etching process
above, the surface of silicon is terminated with fluorine
atoms to give an extremely inactive surface even resistant
to a heat treatment of 900°C. For details, reference may be
made to "Cleaning using Anhydrous HF gas - 5. Evaluation of
Surface Cleaned using HF gas", which appear in Oyo Butsuri
(dpplied Physics), Vol. 59, No. 11 (1990), page 1508.

It can be seen frcm the foregoing that the etching of
the silicon oxide sacrificial layer 303 using vapor phase
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etching not only avoids adhesion of the constituent members
in the etching step, but also provides an inert surface
after etching. Accordingly, this process 1is extremely
effective in preventing adhesion,.

Conclusively, the etching of the silicon oxide
employing a vapor phase etching process using hydrogen
fluoride gas prevents adhesion of the surface of the
constituent members ascribed to the surface tension of an
etching solution, and also terminates the surface silicon
atoms generated by etching with fluorine atoms to render
the surface non-adhesive.

According to the manufacturing method described above
referring to FIGs. 42 to 49, a semiconductor type
differential pressure measurement apparatus free from
mutual adhesion of the diaphragm 23 and the silicon
substrate 22 is realized according to another embodiment of
the present invention.

While the invention has been described in detail and
with reference to gpecific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing frog

the spirit and scope thereof.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A semiconductor type differential pressure measurement apparatus
comprising a measuring diaphragm provided with measuring chambers on both sides
thereof, characterized by further comprising:

a first chamber constituting one of said measuring chambers, defined by a
predetermined space which is provided between a silicon substrate and a diaphragm
formed on said silicon substrate;

a first communicating hole provided in said silicon substrate, one end thereof
communicating with said first chamber;

a concave portion provided on said diaphragm on a side opposite that on
which said first chamber is provided;

a second chamber provided on said silicon substrate with an overhang, said
second chamber communicating with said concave portion and extending about said
diaphragm except at said first communicating hole;

a second communicating hole provided in said silicon substrate, one end
thereof communicating with said overhang;

a strain detector element provided on said diaphragm on a side on which
said concave portion is established; and

a support substrate having one surface joined with a surface of said silicon
substrate, said support substrate together with said concave portion defining there
between a third chamber which is in communication with said second chamber and

constitutes another of said measuring chambers.

2. A semiconductor type differential pressure measurement apparatus as

claimed in Claim 1, wherein said support is made of Pyrex.

3. A semiconductor type differential pressure measurement apparatus as

claimed in Claim 1, wherein said support is made of silicon.

4, A semiconductor type differential pressure measurement apparatus as’

claimed in Claim 1, wherein said support is made of polysilicon.

950111,q;\oper\kay,44735-93.5pe,35
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3. A semiconductor type differential pressure measurement apparatus as
claimed in Claim 1, characterized by further comprises:

a connection made of a conductor and formed by introducing impurities into
the joint surface between said silicon substrate and said support substrate, which is
connected to said strain detector element at one end thereof;

a contact provided on said support substrate on a joint side with said silicon
substrate and connected to said connection at one end thereof; and

a groove formed on said silicon substrate at the vicinity of said contact,

which imparts a suitable repulsive force to the contact portion between said silicon
substrate and said contact.

6. A semiconductor type differential pressure measurement apparatus
as claimed in Claim 1, characterized by further comprising;

filters each provided at a gap d on the opposite ends of said first and second
communicating holes, said gap d being sufficiently small as to satisfy the relation
d s (A - B), wherein A represents the spacing of said first chamber 21 and B
represents the displacement of said diaphragm.

7. A semiconductor type differential pressure measurement apparatus
comprising a measuring diaphragm provided with measuring chambers on both sides
thereof, characterized by further comprising:

a first chamber constituting, one of said measuring chamber, defined by a
predetermined space which is provided between a silicon substrate and a diaphragm
formed on said silicon substrate;

a first communicating hole provided in said silicon substrate, one end thereof
communicating with said first chamber;

a concave portion provided on said diaphragm on a side opposite that on
which said first chamber is provided;

a second chamber provided on said silicon substrate with an overhang, said
second chamber communicating with said concave portion and extending about said
diaphragm except at said first communicating hole;

a second communicating hole provided in said silicon substrate, one end

950111,q:\oper\kay,44735-93.spe,36
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thereof communicating with said overhang;

a strain detector element provided on said diaphragm on the side on which
said concave portion is mounted;

a support substrate having one surface joined with a surface of said silicone
substrate having said concave portion provided thereon, said support substrate
together with said concave portion defining therebetween a third chamber;

a first strain detector element located on an edge portion of said diaphragm
on the side on which said concave portion is established,;

a second strain detector element located on said measuring diaphragm on
the side on which said concave portion is established and at a position slightly offset
from the center of said measuring diaphragm, said second strain detector element
being located in such a manner that it may output, at least within the allowable
limit for measurement, a reverse phase signal with respect to the output signal of
said first strain detector element, provided that the differential signal of the output
signals of said first and said second strain detector elements behaves as a single-
valued function of the applied pressure; and

a means for detecting overvoltage which judges whether an overvoltage is

applied or not by detecting the differential of the output signals of said first and

said second strain detector elements.

8. A semiconductor type differential pressure measurement apparatus

substantially as hereinbefore described with reference to the drawings.

Dated this 11th day of January, 1995
Yokogawa Electric Corporation

By DAVIES COLLISON CAVE
Patent Attorneys for the Applicant(s)
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ABSTRACT

A semiconductor type differential pressure measurement
apparatus comprising a measuring diaphragm whose periphery
is fixed and two measuring chambers each having a
predetermined spacing along both surfaces of said measuring
diaphragm. The apparatus detects differential pressure
within the allowable limit of measurement, but when an
overpressure 1is applied, the measuring diaphragm is
directly backed up by the wall of the measuring chamber to
prevent the diaphragm from being damaged by the

overpressure. Accordingly, theé apparatus requires no

[ 4
]

additional protective mechanism against overpressure.

¢
LX)
*
L]
[ X3

The apparatus comprises an additional chamber

I8 e 08¢
»
.
(1)

L]
.
.
L]

: accompasnied by an overhang provided in such a manner that
shee

.8.09

etes the effective area thereof may be larger than that of the

Seee

opening of the chamber. Accordingly, the force which is

s v

L] * .

RITT exerted to the joint portion between the silicon substrate
se ®

and the support substrate upon application ©of an
ees

overpressure can be greatly reduced.
osse

Two measuring chambers each having a predetermined
§“J? spacing are provided along both sides of the measuring
R diaphragm. Accordingly, the exterior of the semiconductor

differential pressure measuring apparatus according to the
present invention may be exposed to open air, ard thereby

no particular pressure-resistant casing is necessary. In

42
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further detail, the sensor portion need not be covered with
a pressure resistant vessel as in the apparatuses of the
conventional type in which the measuring pressure is
applied externally to the sensor.

The semiconductor type differential pressure
nmeasurement apparatus according to the present invention
comprises a conductor connection formed by introducing
impurities into the Joint surface between the silicon
substrate and the support substrate, and one end thereof is
further connected to a strain detector element.
Accordingly, no pressure-resistant hermetic sealing is

necessary in extract an electric signal.
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