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- 5    This invention relates to a pressure-electric transducer utilizing a
pressure sensitive ele-   5 ment for producing an electric signal
corresponding to fluid pressure. A semiconductor pressure sensitive element
made of silicon or germanium is usually mounted on a substrate through a
supporting member or plate and constructed to detect the fluid pressure at
the exit of a fluid passage formed through the substrate and the supporting
10  plate. Since the pressure of such corrosive fluids as petroleum, acids,
alkaline liquids, or the  10 like are detected it is necessary to construct
at least the substrate which comes to contact with such corrosive fluids
during use with materials, for example stainless steel, having a high
corrosive-resistant property and high mechanical strength. The
semiconductor press- ure sensitive element. the supporting plate and the
substrate are respectively bonded 15  together by a thermosetting type
binder or a fused glass. In each case the component parts  15 are bonded
together at a relatively high temperature, for example from 400 to [err].
Where the supporting plate is made of material such as silicon or invar
having a linear expansion coefficient comparable to that of silicon or
germanium from which the semicon- ductor pressure sensitive element is
made, there is no trouble caused by thermal expansion. 20  However, since
the linear expansion coefficients of the supporting plate and the substrate
20 made of stainless steel are different by a factor of 10 there will be
formed a large residual strain between the supporting plate and the
substrate when the temperature thereof is returned to normal temperature
after head bonding. In the prior art pressure-electric trans- ducer, such
residual strain is transmitted to the semiconductor pressure sensitive
element 25  through the supporting plate whereby not only the measurement
error due to the deforma- 25 tion of the element is increased but also the
linearity and the sensitivity are decreased. Although it has been
considered to fabricate the supporting plate and the substrate as an
integral unit by using the same material, silicon and invar are not
suitable in view of their workability, corrosion proofness and mechanical
strength. 30    Accordingly. it is an object of this invention to provide a
pressure-electric transducer  30 capable of preventing the conversion error
due to the residual strain caused by the differ- ence in the thermal
expansion coefficients of the semiconductor pressure sensitive element and
the substrate. According to this invention there is provided a
pressure-electric transducer comprising a 35  substrate having an opening
for receiving pressure transmitting fluid a stress absorbing  35 member
having a connecting section secured to said substrate a neck section
connected to the connecting section and having a diameter not larger than
that of the connecting section and a head section connected to the neck
section and having a diameter larger than that of said neck section, said,
neck and said head sections being integral with said connecting 40
sections, said stress absorbing member being provided with a fluid passage
extending  40 through the connecting, neck and head sections and
communicating with said opening: a semi-conductor pressure sensitive
element mounted on the head section of said stress absorbing member with
the pressure receiving surface of said pressure sensitive element disposed
to close said fluid passage. said stress absorbing member having
substantially the 45  same linear expansion coefficient as said
semiconductor pressure sensitive element: and  45    1,551,099
2 means for deriving out from said semiconductor pressure sensitive element
an electric signal 



corresponding to the pressure of said pressure transmitting fluid. This
invention can provide a pressure-electric transducer wherein a temperature
compen- sation circuitfor preventing the conversion error due to
temperature variation is incorpo- 5    rated into a metal substrate
together with a semiconductor pressure sensitive element so   5 that the
assembly can be handled as an integral structure. Further, this invention
can provide a pressure-electric transducer provided with a tem- perature
compensation circuit for compensating the output variation due to the
sensitivity variation of the element caused by temperature variation. 10
Further, this invention can provide a pressure-electric transducer provided
with a tem-  10 perature compensation circuit for compensating the output
variation due to the zero point shift caused by temperature variation.
Embodiments of this invention will now be described with reference to the
accompanying drawings in which:- 15      Fig. I is a sectional view showing
a pressure-electric transducer embodying the invention:  15 Figs. 2 and 3
are graphs showing the operating characteristics of a prior art transducer
and that shown in Fig. 1; Fig. 4 is a sectional view showing a modified
embodiment of this invention: Figs. 5 and 6 are sectional views showing a
metal substrate and a supporting member for 20   absorbing stress;
20 Fig. 7 is a sectional view showing a pressure-electric transducer
according to this inven- tion and a temperature compensation circuit which
are contained in detachable casings. Fig. 8 is a side view, partly in
section, of a modified embodiment of this invention which is designed to
detect the difference between two fluid pressures 25      Figs. 9 and 10
are block diagrams showing two temperature compensation circuits of  25
different types; Fig. 11 is a connection diagram showing one example of a
temperature compensation circuit capable of correcting a zero point; Figs.
12 and 13 are connection diagrams each showing another example of a
temperature 30   compensation circuit capable of correcting a zero point:
30 Fig. 14 is a graph showing the relationship between the temperature and
sensitivity of a semiconductor pressure sensitive element; Fig. 15 is a
connection diagram showing a circuit for compensating the sensitivity
varia- tion caused by temperature variation: and 35     Figs. 16, 17 and 18
show three different compensation circuits utilized in the circuit shown
35 in Fig. 15.. Referring now to Fig. 1. the pressure-electric transducer
shown therein comprises a circu- lar disc shaped semiconductor. pressure
sensitive element 11 made of a semiconductor such as silicon or germanium
having a high efficiency of the piezo-electric effect. The output of 40
the pressure sensitive element is supplied to an external circuit through a
pair of variable  40 resistance members 12a and 12b having opposite output
polarities and leads 13a and 13b. A circular pressure receiving recess 14
is formed on the control portion of the bottom of the pressure sensitive
element 11. The pressure sensitive element 11 is bonded to the inside of a
circular recess 16 formed on the upper surface of a dish shaped inner
holding member IS of 45   a material having substantially the same linear
expansion coefficient as the pressure sensi-  45 tive element 11 such as
silicon, covar, iron and invar. The inner holding member 15 is formed with
a passage 17 for pressure fluid, and the element I I and the holding member
IS are bonded. together so that the passage 17 and the recess 14 are
aligned with each other In order to obtain a high bonding force, the
pressure sensitive element 11 and the inner 50   holding member 15 are
bonded together by means of a thermosetting type bonding agent.  50 fused
glass or by gold-silicon alloy fusion method which utilizes the alloying
effect between gold and silicon at the eutectic point. When using fused
glass method the temperature or fusion is usually from 400 to [err] whereas
in the case of the gold-silicon alloy fusion method an alloying temperature
of about [err] is used. 55     The inner holding member 15 is fitted in a
circular recess 20 formed on a large diameter  55 head section 19 of a
stress absorbing outer holding member 18 made of material having
substantially the same linear expansion coefficient for example silicon,
covar, iron and invar and is bonded to the outer holding member 18 by
similar bonding agent to that used for bonding the pressure sensitive
element 11 to the inner holding member 15. A connecting 60   section 22
having a smaller diameter than the head section 19 is connected to the head
60 section 19 through a neck section 21 having a smaller diameter than that
of the connecting section 22. The diameter of the connecting section 22 is
sufficiently large to increase the bonding force between the section 22 and
a substrate 24. The outer holding member 18 is provided with an axial fluid
passage 23 having one end communicating with the fluid pas- 



sage 17 in the inner holding member 15.    3    1,551,099
3 The connecting section 22 of the outer holding member 18 is received in a
circular open- ing 25 formed in the metal substrate 24 made of metal having
corrosion resistant property and a high mechanical strength, for example.
stainless steel. and bonded to the substrate 24 by a thermosetting type
binder or fused glass. The substrate 24 is formed with a vertical 5
cylindrical flange 24b which surrounds the head section 19 with a gap 26
therebetween. At   5 the center of the substrate 24 is formed an axial
opening 27 for receiving pressurized fluid. the upper end of the opening 27
communicating with the fluid passage 23 of the outer holding member 18.
Since the diameter of the pressure receiving opening 27 is made to be
larger than that of the fluid passage 23. even when a portion of the
bonding agent utilized to 10   bond the connecting section 22 to the
substrate 24 enters into the opening 27 it will not  10 interfere with the
flow of the fluid. The upper periphery of the opening 25 is countersunk at
29 so as to receive surplus bonding agent utilized to bond the connecting
section 22 to the substrate 24. so that the surplus bonding agent will not
reach the head section 19. Accord- ingly, it is possible to prevent the
strain created in the substrate 24 from being directly 15   transmitted to
the head section 19 through the bonding agent.                           15
In the pressure-electric transducer shown in Fig.. I since the linear
expansion coefficients of the semiconductor pressure sensitive element II
and the substrate 24 are 2x [err] and 19x[err] respectively, for example,
the ratio thereof is about 1:10. However, the stress formed as the result
of bonding of the outer holding member 18 and the substrate 24 is 20
substantially absorbed by the connecting section 22 and the neck section 21
provided for (the  20 outer holding member 18 and serving as stress
absorbing members and is not transmitted to the head section 19. Further,
as the semiconductor pressure sensitive element 11 and the inner and outer
holding members 15 and 18 are made of materials having substaintially the
same linear expansion coefficients there is no fear of creating stress and
strain between 25   these elements due to temperature variation. For this
reason. no stress and strain is created  25 in the pressure sensitive
element 11 not only during manufacturing but also during use so that it is
possible to obtain a pressure-electric transducer having excellent
linearity and sensitivity. In otherwords. the transducer produces an output
signal across leads 13a and 13b of the pressure sensitive element 11 in
response to only the pressure transmitted 30   through the fluid filling
the passages 27, 23 and 17 and recess 14.                     30 Where
pressures of + P and -P are applied to the pressure sensitive element 11
having a pair of variable resistance members. resistance variltions
+[err]AR and - [err]R are obtained according to curve A shown in Fig. 2. In
other words, the pressure sensitive element 11 manifests a resistance
variation of [err] R for a pressure variation of  [err]. Curve B shows the
35   resistance variation of a modified pressure sensitive element wherein
the outer holding  35 member 18 shown in Fig. I is not used but the inner
holding member 15 is bonded directly to the substrate 24 by a thermosetting
resin applied at a temperature of [err]. Since in this modified
construction the stress and strain caused by the mounting are transmitted
to the pressure responsive element without being absorbed, a resistance
variation of [err]R: is 40   caused by a pressure of +P. As AR is
non-linear as opposed to [err]R,  a measurment error  40 is caused. Fig. 3
shows the relationship between an input (%) and an error (%) at
temperatures of [err] (normal temperature) and [err]. Thus. in the
embodiment shown in Fig. 1. at (the normal temperature. the input-error
characteristic is shown by a curve Al in which the 45   maximum  error is
only 1%. On the other hand. an element manifesting a pressure   45
resistance variation characteristic as shown by curve B shown in Fig. 2
manifests a max- imum error of 6%. At [err] the embodiment shown in Fig. I
shows a characteristic curve All in which for a temperature variation of
[err]-[err]=[err] the maximum error is  7% On the other hand. the element
shown by curve 13 in Fig. 2 manifests a maximum error of 50   -20% for a
temperature variation of from [err] to [err]. In the embodiment shown in
Fig. 1  50 since a stress absorbing member 18 is used. the characteristic
is improved greatly. In a modified embodiment shown in Fig. 4. the
semiconductor pressure sensitive element 11 is bonded in a circular recess
l6a formed in the upper surface of a stress absorbing. holding member l8a.
At the center of the recess 16a` is formed a circular recess 16b having 55
the same diameter as the pressure receiving recess 14 of the pressure
sensitive element 11  55 and the upper end of the fluid passage 23 opens
into the recess 16b. The other elements are identical to those of Fig. I so
that they are designated by the same reference numerals. The embodiment
shown in Fig. 4 is especially suitable for applications where the effect of



external pressure is small, so that the element 11 is bonded directly to
the stress absorbing 60   outer holding member 18a without using the inner
holding member 15 shown in Fig. 1.  60 whereby the number of component
parts and the number of the bonding steps are reduced. In the modification
shown in Fig. 5. the connecting section 22a of the stress absorbing holding
member 18b is constructed to have tile same diameter as the neck section
21. In this case too so long as the diaimeters of the neck section 21 and
the connecting section 22a are 65   smaller than the diameter of the head
section 19 the transmission of the stress from the  65    4
1,551,099                                4 substrate 24 is absorbed by the
connecting section 22a and the neck section 21 and not transmitted to the
head section 19 and the pressure sensitive element 11. In the embodiments
shown in Figs. 1.4 and 5. the connecting sections 22 and 22a of the stress
absorbing members 18 and 18a and 18b are embedded in the substrate 24 It is
also 5   possible to heat bond the lower end of the connecting section 22b
to the substrate 24 as  5 shown in Fig. 6. In this case, the stress
absorbing holding member 18c has a connecting section 22b having the same
diameter as that of the head section 19, and the neck section 19 having a
small diameter is formed between the head section 19 and the connecting
section 22b. Again the stress created in the substrate 24 is absorbed by
the connecting section 22b 10  and the neck section 21 and not transmitted
tothe pressure sensitive element  11.    10 The prcssure-electric
transducer constructed as above described is combined with an elcitrical
circuit to form a detection device as shown in Fig. 7. The detection device
com- prises a casing 30 for housing the detection section and a casing 31
for housing an amplifier. The substrate 24 shown in Fig. 1 may be used as
the casing 30. Because Figure 7is drawn to a 15  much smaller scale than
Figure l, stress absorbing member 18 is omitted for the sake of 15 clarity
although it is present as in Figure 1. A pressure admission casing 33
having a pressu- rized fluid inlet port 33a is secured to the lower end of
the casing 30 via a diaphragm 34. which partitions a fluid passage 27
extending through the bottom of the casing 30 and the inlet port 33a. The
space between the diaphragm 34 and the pressure sensitive element 11 is 20
filled with pressure transmitting liquid 35 such as a silicon oil. The
diaphragm 34 and the  20 pressure transmitting liquid 35 are used for the
purpose of preventing corrosive fluid from directly contacting the pressure
sensitive element 11. In the casing 30 is housed a temperature compensator
36 which compensates for the sensitivity variation of the pressure
sensitive element 11 due to temperature variation or for 25  zero point
shift. Although the detail of the circuit construction of the temperature
compen-  25 sator 36 will be described later the signal input terminals are
electrically connected to the terminal hoard 37 of the pressure sensitive
element 11 and to the connector 38a closing the upper opening of the casing
30. The detector casing 30 is removably secured to the amplifier casing 31
by screws 39. A 30  connector 38b fitted to the connector 38a is mounted in
the connecting portion of the casing  30 31. In this manner, connectors 38a
and 38b are mounted in the connecting portion for casings 30 and 31 so that
it is possible to connect and disconnect the casings 30 and 31 while
retaining in the casing 30 the pressure sensitive element 11 and the
temperature compensa- tor 36. 35    The interior of the amplifier casing 31
is divided by a partition wall 3 la into compart-  35 ments 42 and 43
respectively containing amplifiers 40-1.40-2 and external terminals 41. One
compartment 42 contains electrical components 44-1. 44-2. 44-3. and 44-4
constitut- ing an amplifying circuit, printed circuit boards 45-1. 45-2 for
connecting and supporting these component parts and a connector 46. The
terminals of the connector 46 are connected 40  to the terminals of the
connector 38b via leads 48-1 and to external terminals 41 contained  40 in
the compartment 43 through other leads 48-2 extending through the partition
wall 31a. The external terminals 41 are connected to a source of power
supply and other external circuits. not shown. The openings of the
compartments 42 and 43 are closed by threaded covers 47-1 and 45  47-2,
respectively and the opening in the partition wall 31a for passing the
leads 48-2 is  45 sealed by a water tight packing 49. The fluid pressure P
to be measured is transmitted to the pressure receiving surface of the
pressure sensitive element 11 through the diaphragm 34 and the pressure
transmitting liquid 35 to supply an electric signal corresponding to the
pressure P to the amplifier 40-1 and 50    40-2 successively through
temperature compensator 36 leads 48-3. connectors 38a and 38b  50 leads
48-1 and connector 46. The electrical signal amplified by amplifiers 40-1
and 40-2 is taken out as a pressure detection signal through the leads 48-2
and external terminals 41. 



Where the amplifier40 or the temperature compensator 36 becomes faulty the
detector casing 30 and the amplifier casing 31 are separated for exchanging
either one of them with a 55 new casing This can be readily accomplished by
removing screws 39 without the necessity  55 of removing a member including
a detector and an amplifier as in the prior art. Thus, for example, when
the amplifiers 40-1 and 40-2 are exchanged, the detector casing 30 is re-
tained in the place of installation so that it is not necessary to read
just the temperature compensator 36 because there is no change in the
environment surrounding the tempera- ture compensator. Although in the
embodiment shown in Fig. 7. the apparatus was constructed to detect only
one fluid pressure P. where it is desired to detect the difference between
two fluid pressures [err] and [err] as diagrammatically shown in Fig. 8 a
temperature compensator 36 can be integrally combined with a detector
casing 50. The temperature compensator 36 may be 65  secured to or
removably connected to the detector casing 50. The device of any of Figures
1.  65    5                                         1,551,099
5 4, 5 and 6 may be used to detect the difference between two fluid
pressure [err] and [err] Since the sensitivity-temperature characteristic
of the pressure sensitive element 11 is such that the output varies from
0.5 to 2% for a 10% variation in the temperature and that the
characteristic varies for different elements it is advantageous to use a
circuit as shown in 5   Fig. 9 or 10. In the case shown in Fig. 9, the
temperature compensation circuit 36 comprises   5 a temperature sensitive
element 36-1 such as a resistance element having a positive temper- ature
coefficient, thermistor or a metallic resistance wire, and a variable
adjusting resistor 36-2 connected in parallel with the temperature
sensitive element 36-1. The temperature compensation circuit 36 is
connected between an amplifier 40 and a bridge circuit 53 consist- 10  ing
of two pressure detection resistors 12a and 12b of the pressure sensitive
element 11  10 having opposite characteritics, so as to alter the input
voltage applied to the amplifier 40. Resistor 12a may be made of a P-type
semiconductor whereas the other resistor 121) made of an N type
semiconductor. Thus, the temperature compensation circuit 36 provides so-
called span temperature regulation, in which the sensitivity variation of
the pressure sensi- 15  tive element 11 due to the temperature variation is
compensated for by adjusting the im-  15 pressed voltage e. In the modified
circuit shown in Fig. 10, the temperature compensation circuit 36 is
connected in series with one pressure detection resistor 12a of the
temperature sensitive element 11 which comprises one arm of the bridge
circuit 54. This circuit provides a so- 20-  called zero point temperature
compensation wherein the resistance variation of the element  20 11 caused
by temperature variation is compensated for by adjusting the output voltage
of the bridge circuit 54. Other examples of the temperature compensation
circuit are shown in Figs. 11 to 18. The circuit shown in Fig. 11
corresponds to that shown in Fig. 10 and the resistance values of the 25
detection resistors 12a and 12b of the pressure sensitive element I I
having opposite polarity  25 characteristics shown by [err] and [err]
respectively. A resistor having a resistance value [err] is connected in
series with one detection resistor [err]. As this resistor [err] may be
used a resistor which is not affected by temperature variation such as a
wound resistor or a metal coated resistor. The other two arms of the bridge
circuit 55 are constituted by reference resistors 30   [err] and [err]
having a resistance value RS and corresponding to resistors 51 and 52 shown
in  30 Fig. 10. An input voltage VI is impressed across a juncture between
resistors [err] and [err] and a juncture between resistors [err] and [err]
and a pressure detection signal [err] is derived out from a juncture
between resistors [err] and [err] and a juncture between resistors [err]
and RS . Resistor [err] is a fixed resistor constructed not to be
influenced by temperature so that it can 35   be located at any location
remote from the pressure sensitive element 11.             35 In the
example shown in Fig. 12, a resistor [err] which is not affected by
temperature variation is connected in series with the other pressure
detection resistor [err] of the pressure sensitive element. Whether the
resistor [err] should be connected in series with resistor [err] or
resistor [err] is 40   determined by the ratio [err] of two resistors [err]
and [err] at a reference temperature and the  40 resistance value ratio
[err] of two resistors [err] and [err] at a temperature T. In the pressure
detection system described above, where a relation [err]>[err] is
established due to temperature variation, a resistor [err] not affected by
temperature varia- tion is connected in series with resistor [err] as shown
in Fig. 11. In this case. the resistor [err] 45   having a resistance value
that satisfies a relation                                     45 [err]
[err] 



50                                                                     50
55   for any temperature variation is used. In other words. the resistor
[err] not affected by tem-   55 perature variation has a value [err]
(1)    6  1,551,099                                    6 By connecting
resistor [err] having a value determined by the equation (1) in series with
resistor [err] it is possible to maintain the ratio [err] at a constant
value even when the values of resistors [err] and R2 vary in accordance
with temperature variation. According, the zero point of the output [err]
from the bridge circuit 55 is maintained at a constant point. 5    Where
arelation [err] <[err] is established due to temperature variation, a
resistor [err]  5 not affected by temperature variation is connected in
series with resistor [err] as shown in Fig. 12. More particularly, resistor
R having a value that satisfies a relation 10
[err]                                      10 15 should be used. In this
case, the value of resistor [err] not affected by temperature variation is
determined by the following equation 20
20 [err]                   (2) 25
25 In this case too when the value of resistor [err] satisfies equation (2)
it is possible to maintain the zero point of the output voltage [err] from
the bridge circuit 56 at a constant value in the 30  same manner as in the
circuit shown in Fig. 11.                                   30 Denoting the
temperature coefficients of the pressure detection resistors [err] and
[err] by a and [err] respectively, and when it is assumed that the values
of resistors [err] and [err] vary to RiT and [err] respectively due to a
temperature variation of [err] then the resistance values [err] and [err]
are shown by the following equations. 35
35 [err]                        (3) [err]                        (4)
40 By substituting equations (3) and (4) into equation (2). the value of
the resistor [err] not 45  affected by temperature variation is expressed
by the following equation         45 [err] 50
50 55
55 In this manner, the value of the resistor [err] is determined by only
the constants of [err], [err] and [err] independently of the temperature T.
In the example shown in Fig. 13. a variable resistor [err] not affected by
temperature 60  variation is connected between pressure detection resistors
[err] and [err] and the output [err] of 60 the bridge circuit 57 is derived
out from the sliding arm of the resistor [err] and the juncture between
resistors [err] and [err]. In this case too, by adjusting the variable
resistor [err] in accordance with the relative magnitudes of the ratios
[err] and [err] it is possible to provide a temperature compensation of the
zero point in the same manner as in the cases of 65  Figs. 9 and 10.
65    7                                       1,551,099
7 In the examples shown in Figs. 11, 12 and 13, the resistors [err] and
[err] utilized for the temperature compensation of the zero point are not
affected by temperature variation so that it is not necessary to subject
these resistors to the same temperature as the pressure sensitive element.
Accordingly, the design of the apparatus is easy because these resistors 5
can be located at any position. Furthermore, since it is not necessary to
cause resistors R.    5 and [err] to be of the same material as the
pressure sensitive element, the selection of the resistor material is easy.
As can be clearly noted from equation (5). since the resistors R. and [err]
are theoretically independent of any temperatur variation, it is possible
to provide highly accurate temperature compensation. 10     Various
examples of the temperature compensation circuit for the sensitivity will
now be  10 described with reference to Figs. 14 to 18. The sensitivity of
the semiconductor pressure sensitive element 11 shown in Fig. 1. for
example, is proportional to the piezoelectric resist- ance coefficient
[err] is expressed by the following equation 



15                                        [err]
15 (6) 20   where A represents a constant and T a temperature in [err]. The
graph shown in Fig. 14  20 shows equation (6), in which the ordinate
represents the piezoelectric resistance coefficient [err] and the abscissa
the temperature T in [err]. This graph shows that as the temperature
increases the piezoelectric resistance coefficient [err] decreases
exponentially. By experiment it was determined that the rate of decrease in
the sensitivity is about 7% per [err]. A 25   temperature compensation
circuit as shown in Fig. 15 is used to compensation for the de-  25 crease
in the sensitivity caused by temperature rise. Like Figs. 11. 12 and 13.
resistors [err], [err] and resistors [err], [err] shown in Fig 15. are the
pressure detection resistors and the reference resistors, respectively.
Further, serially connected resistors [err] and [err] are connected across
the input terminals and a temperature compensation resistor RX is connected
across 30   the juncture A between resistors [err] and [err] and the
juncture B between resistors [err] and [err] 30 to form a bridge circuit
58. The values of the fixed resistors [err] and [err] are set such that
when no pressure is applied to the pressure sensitive element, the bridge
circuit 58 consti- tutes by the pressure detection resistors [err] and
[err] and the fixed resistors [err] and [err] will be at a balanced
condition and the potential difference between points A and B will be zero.
35     When a fluid pressure is applied on the pressure sensitive element
and the values of the  35 pressure detection resistors [err] and [err]
vary, the bridge circuit 58 becomes unbalanced whereby a potential
difference appears across points A and B to pass current through the
temperature compensation resistance element RX. In the absence of this
element RX the resistivity of the resistors [err] and [err] is caused to
vary by temperature variation thereby 40   changing the amount of variation
in the potential at point B caused by the application of the  40 pressure.
The temperature dependency of the amount of variation of the potential at
point B causes direct variation in the sensitivity of the output [err].
However. as the temperature compensation resistance element RX whose
resistance varies in accordance with the tem- perature is connected across
points A and B it is possible to make the potential variation at 45   point
B to be dependent upon the pressure alone. More particularly. assuming that
the  45 potential of point B varies by VOT due to the connection of the
compensation resistance element RX, the temperature-variation coefficient
is selected such that the voltage varia- tion VOT will be constant
irrespective of the temperature variation when a constant voltage is
applied. Then it would be possible to establish a definite relationship
between the coeffi- 50   cient [err] RX and the ratio VTP/VOT where VTP
represents the potential of point B pro-  50 vided the element RX is not
connected between the points A and B. Suppose now that the temperature
rises under a constant pressure so that the sensitivity of the pressure
sensitive element decreases as shown in Fig. 14. the potential at point B
would tend to decrease. At this time. however, the resistance value of the
compensation element RX increases with the 55   result that the current
flowing to the point A at a fixed potential through the compensation  55
element decreases. Thus decrease in the potential of point B is prevented
and the output voltage [err] is maintained at a constant value irrespective
of the temperature variation. For a pressure sensitive element which
decreases its sensitivity with temperature rise as shown in Fig. 14. a
resistor element having positive temperature characteristic is used as the
compen- 60   sation element RX. In the opposite case. a thermistor may be
used.                    60 Actually, however, as the compensation element,
a positive temperature characteristic resistor element or a thermistor is
not used singly but. as shown in Fig. 16. a variable resistor RV may be
connected in parallel with the compensation element RX. or as shown in Fig.
17. a fixed resistor [err] may be connected in series with the combination
shown is Fig. 65   16 for adjusting the amount of compensation or for
aligning the values of the pressure  65    1,551,099
8 detection resistors [err] and [err]. Alternatively, as shown in Fig. 18
two compensation resistors [err] and [err] may be connected in series to
increase the matching effect with resistors [err] and [err]. WHAT WE CLAIM
IS:- 5     1. A pressure-electric transducer comprising a substrate having
an opening for receiving   5 pressure transmitting fluid; a stress
absorbing member having a connection section secured to said substrate, a
neck section connected to the connecting section and having a diameter not
larger than that of the connecting section and a head section connected to
the neck section and having a diameter larger than that of said neck
section, said neck and said head 10  sections being integral with said
connecting section, said stress absorbing member being  10 provided with a
fluid passage extending through the connecting, neck and head sections and 



communicating with said opening; a semiconductor pressure sensitive element
mounted on the head section of said stress absorbing member with the
pressure receiving surface of said pressure sensitive element disposed to
close said fluid passage, said stress absorbing mem- 15   ber having
substantially the same linear expansion coefficient as said semiconductor
press-  15 ure sensitive element; and means for deriving out from said
semiconductor pressure sensi- tive element an electric signal corresponding
to the pressure of said pressure transmitting fluid. 2.  A
pressure-electric transducer according to claim 1 which further comprises a
detec- 20  tion casing containing said semi-conductor pressure sensitive
element a temperature com-  20 pensator contained in said detection casing
and electrically connected to said pressure sensi- tive element, an
amplifier casing removably connected to said detection casing and an
amplifier contained in said amplifier casing for amplifying said derived
electric signal. 3. A pressure-electric transducer according to claim 2
wherein said semiconductor 25  pressure sensitive element comprises first
and second pressure detection resistors having  25 opposite resistance
variation characteristics under pressure and said temperature compen- sator
comprises first and second reference resistors which are connected with
said first and second pressure detection resistors to form a bridge
circuit. ' 4. A pressure-electric transducer according to claim 3 which
further comprises a resistor 30  not affected by temperature variation and
connected in series with one of said first and  30 second pressure
detection resistors so as to provide a temperature compensation of the zero
point of the output from said bridge circuit. 5. A pressure-electric
transducer according to claim 4 which further comprises the resis- tor not
affected by temperature variation is connected between said first and
second press-  35 35  ure detection resistors. 6. A pressure-electric
transducer element according to claim 5 wherein the resistor not affected
by temperature variation is a potentiometric resistor. 7. A
pressure-electric transducer according to claim 3 which further comprises
first and second voltage divider resistors connected across a source for
energizing said bridge circuit; 40  and a compensation circuit including a
resistor connected between the juncture of the first  40 and second
reference resistors and the juncture between said first and second pressure
detecting resistors, said resistor varying its resistance value in
accordance with the tempera- ture variation so as to compensate for the
variation of the output from said bridge output caused by the variation in
the sensitivity of said semiconductor pressure sensitive element 45  due to
temperature. 8.: A pressure-electric transducer according to claim 7
wherein said compensation cir- cuit comprises a temperature sensitive
element and at least one variable resistor connected in. parallel to said
temperature sensitive element. 9. A pressure-electric transducer according
to claim 8 which further comprises a fixed 50 resistor connected in series
with said parallelly connected temperature sensitive element 50 and said
variable resistor. 10.  A pressure-electric transducer according to claim 1
wherein said substrate and said connecting section are connected together
by means of a bonding agent, and a recess is provided in the substrate to
receive surplus bonding agent. 55    11. A pressure-electric transducer,
substantially as hereinbefore described with refer- ence to the
accompanying drawings. For the Applicants MARKS & CLERK Printed for Her
Majesty's Stationery Office, by Croydon Printing Company Limited, Croydon,
Surrey, 1979. Published by The Patent Office, 25 Southampton Buildings,
London, WC2A lAY, from which copies may be obtained.    8
1,551,099                                           8 detection resistors
[err] and [err]. Alternatively, as shown in Fig. 18 two compensation
resistors [err] and [err] may be connected in series to increase the
matching effect with resistors [err] and [err]. WHAT WE CLAIM IS:- 5     1.
A pressure-electric transducer comprising a substrate having an opening for
receiving   5 pressure transmitting fluid; a stress absorbing member having
a connection section secured to said substrate, a neck section connected to
the connecting section and having a diameter not larger than that of the
connecting section and a head section connected to the neck section and
having a diameter larger than that of said neck section, said neck and said
head 



10  sections being integral with said connecting section, said stress
absorbing member being  10 provided with a fluid passage extending through
the connecting, neck and head sections and communicating with said opening;
a semiconductor pressure sensitive element mounted on the head section of
said stress absorbing member with the pressure receiving surface of said
pressure sensitive element disposed to close said fluid passage. said
stress absorbing mem- 15    ber having substantially the same linear
expansion coefficient as said semiconductor press-  15 ure sensitive
element: and means for deriving out from said semiconductor pressure sensi-
tive element an electric signal corresponding to the pressure of said
pressure transmitting fluid. 2. A pressure-electric transducer according to
claim 1 which further comprises a detec- 20  tion casing containing said
semi-conductor pressure sensitive element. a temperature com-  20 pensator
contained in said detection casing and electrically connected to said
pressure sensi- tive element, an amplifier casing removably connected to
said detection casing and an amplifier contained in said amplifier casing
for amplifying said derived electric signal. 3. A pressure-electric
transducer according to claim 2 wherein said semiconductor 25   pressure
sensitive element comprises first and second pressure detection resistors
having  25 opposite resistance variation characteristics under pressure and
said temperature compen- sator comprises first and second reference
resistors which are connected with said first and second pressure detection
resistors to form a bridge circuit. 4.  A pressure-electric transducer
according to claim 3 which further comprises a resistor 30 not affected by
temperature variation and connected in series with one of said first and 30
second pressure detection resistors so as to provide a temperature
compensation of the zero point of the output from said bridge circuit. 5. A
pressure-electric transducer according to claim 4 which further comprises
the resis- tor not affected by temperature variation is connected between
said first and second press- 35  ure detection resistors. 6. A
pressure-electric transducer element according to claim 5 wherein the
resistor not affected by temperature variation is a potentiometric
resistor. 7. A pressure-electric transducer according to claim 3 which
further comprises first and second voltage divider resistors connected
across a source for energizing said bridge circuit; 40  and a compensation
circuit including a resistor connected between the juncture of the first
and second reference resistors and the juncture between said first and
second pressure detecting resistors. said resistor varying its resistance
value in accordance with the tempera- ture variation so as to compensate
for the variation of the output from said bridge output caused by the
variation in the sensitivity of said semiconductor pressure sensitive
element 45 45  due to temperature. 8. A pressure-electric transducer
according to claim 7 wherein said compensation cir- cuit comprises a
temperature sensitive element and at least one variable resistor connected
in parallel to said temperature sensitive element. 9.  A pressure-electric
transducer according to claim 8 which further comprises a fixed 50
resistor connected in series with said parallelly connected temperature
sensitive element  50 and said variable resistor. 10.  A pressure-electric
transducer according to claim 1 wherein said substrate and said connecting
section are connected together by means of a bonding agent and a recess is
provided in the substrate to receive surplus bonding agent. 55    11.  A
pressure-electric transducer, substantially as hereinbefore described with
refer- ence to the accompanying drawings. For the Applicants MARKS & CLERK
Printed to Her Majesty's Stationery Office, by Croydon Printing Company
Limited, Croydon. Surrey. 1979. Published by The Patent OtfiCe. 25
Southampton Buildings. London. WC2A, lAY, from which copies may be
obtained.    


