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57 ABSTRACT

A strain sensor is based on a self-biasing reference circuit
that reaches an operating state that, at least at first order, is
at least supply-voltage independent. The strain sensor pro-
vides an output signal that is defined by the operating state
of the self-biasing reference circuit. At least one component
in the self-biasing reference circuit has an electrical char-
acteristic that depends on a strain to which the at least one
component is subjected. This makes that the operating state
of' the self-biasing reference circuit depends on the strain. As
a result, the output signal of the strain sensor varies as a
function of the strain to which the at least one component is
subjected.




Patent Application Publication  Sep. 21, 2023 Sheet 1 of 3 US 2023/0296455 A1

100
S ———— 102
i
i
¥
104“\1\
DO S
-
/
i
103
=3 401

go. G0 oo oo W ook G0 00 ooa W

FIG. 1

202

FIG. 2



US 2023/0296455 Al

Sep. 21,2023 Sheet 2 of 3

Patent Application Publication

B Pl R

FIG. 3

&

305

Wonn mon e wew wew e e oen hon e v v e

000l 000 Moo Moo 0K 000 000 000 00X 00 MK 0K

ke’
Li.
<
o rsd
& :
!
</ !
g S S e
_v?s,é i s M
I A | ;
| po § § — N
i £y "
¥ # i
! iy M
o m Pl Y i
i . STV i
Fro oo o onk ooe o b h i o oo i o oo o vom



US 2023/0296455 Al

Sep. 21,2023 Sheet 3 of 3

Patent Application Publication

v Old

90|

4814

0¥




US 2023/0296455 Al

STRAIN SENSOR

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This is a National Stage Entry into the United
States Patent and Trademark Office from International Pat-
ent Application No. PCT/EP2021/071499, filed on Jul. 30,
2021, which relies on and claims priority to European Patent
Application NO. 20188775.9, filed on Jul. 30, 2020, the
entire contents of both of which are incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] An aspect of the invention relates to a strain sensor.
The strain sensor may be used, for example, to monitor
structural health of a mechanical construction. Further
aspects of the invention relate to a strain sensor assembly, an
integrated circuit, and a measurement system.

BACKGROUND OF THE INVENTION

[0003] Strain is an important parameter in monitoring
structural health of mechanical constructions, such as, for
example, windmills, buildings, bridges, pipelines, cables,
and so on. Measuring strain allows predicting possible
damage to a mechanical structure. In order to measure strain,
the mechanical structure may be provided with a strain
sensor at a point of interest to be monitored. There may be
various points of interest to be monitored in the mechanical
structure, or in a group of such structures. Thus, there may
be a whole set of strain sensors for monitoring structural
health. In order to facilitate monitoring structural health, a
so-called Internet of things network may be deployed that
includes the strain sensors.

[0004] Patent publication EP0363005A2 describes a sen-
sor that includes a field-effect transistor formed on GaAs for
sensing a stress. The field-effect transistor is driven by a
constant current or a constant voltage so as to detect a
change of an electrical characteristic, such as threshold, due
to a stress. When a stress is applied to the field-effect
transistor, the transconductance changes, and the tempera-
ture changes, consequently the I-V characteristic changes.
An AC signal biased by a direct current is supplied to the
gate of the field-effect transistor. A drain current is detected
in an AC component and a DC component so as to detect a
temperature concurrently with a detection of a stress.

SUMMARY OF THE INVENTION

[0005] There is a need for an improved strain sensor that
allows better performance in at least one of the following
aspects: sensitivity, precision, and accuracy.

[0006] In accordance with an aspect of the invention a
strain sensor is provided. The strain sensor is based on a
self-biasing reference circuit that reaches an operating state
that, at least at first order, is at least supply-voltage inde-
pendent. The strain sensor provides an output signal that is
defined by the operating state of the self-biasing reference
circuit. At least one component in the self-biasing reference
circuit has an electrical characteristic that depends on a
strain to which the at least one component is subjected. This
makes that the operating state of the self-biasing reference
circuit depends on the strain. As a result, the output signal of
the strain sensor varies as a function of the strain to which
the at least one component is subjected.
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[0007] Such a strain sensor is relatively insensitive to
supply voltage variations and, in addition, may also be
relatively insensitive to temperature variations. Thus, a
relatively high precision and a relatively high accuracy in
strain measurement may be achieved. What is more, rela-
tively high sensitivity may also be achieved, in particular
compared with conventional metallic strain gauges. A gauge
factor about 1000 may be achieved with a strain sensor as
defined hereinbefore, whereas the gauge factor of metallic
strain gauges is several orders of magnitude lower, limited
to about 2. Moreover, a strain sensor as defined hereinbefore
may provide a relatively linear measurement characteristic
with negligible hysteresis. This allows a relatively simple
two-point calibration.

[0008] Another advantage is that the strain sensor as
defined hereinbefore may operate with low power consump-
tion. This may be even down to a level where the strain
sensor can be wirelessly powered, obviating a need for
on-board batteries or other energy sources. For example, the
strain sensor may be wirelessly powered by a radiofre-
quency signal, light, vibration, thermal energy, or another
environmental energy source that a transducer circuit may
convert into electrical power. This makes that the strain
sensor is particularly suited to form part of an Internet of
things network, which may be wireless.

[0009] Moreover, the strain sensor as defined hereinbefore
may be relatively small in size and may have a low form
factor. This and the low power consumption also makes the
strain sensor suitable for applications in, for example, wear-
able and implanted biomedical devices. In addition, the
strain sensor can be manufactured at relatively low cost,
which further favors a wide range of applications.

[0010] In accordance with a further aspect of the inven-
tion, a strain sensor assembly is provided. The strain sensor
assembly comprises:

[0011] a first strain sensor as defined hereinbefore of
which the output signal varies as a function of the
strain;

[0012] a second strain sensor as defined hereinbefore of
which the output signal varies as a function of the strain
but inversely with respect to that of the first strain
sensor: and

[0013] a differential output stage arranged to provide an
output signal that corresponds with a difference
between the output signal of the first strain sensor and
the output signal of the second strain sensor.

[0014] Inaccordance with yet further aspects of the inven-
tion, an integrated circuit is provided, and a measurement
system is provided.

[0015] For the purpose of illustration, some embodiments
of the invention are described in detail with reference to
accompanying drawings. In this description, additional fea-
tures will be presented, some of which are defined in the
dependent claims, and advantages will be apparent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a circuit diagram of a basic strain sensor.
[0017] FIG. 2 is a graph in which two transfer functions
within the basic strain sensor are plotted.

[0018] FIG. 3 is a circuit diagram of an improved strain
sensor.
[0019] FIG. 4 is a circuit diagram of a strain sensor

assembly that includes two improved strain sensors.
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[0020]

sensor.

FIG. 5 is a circuit diagram of an alternative strain

DESCRIPTION OF SOME EMBODIMENTS

[0021] FIG. 1 schematically illustrates a basic strain sen-
sor 100. FIG. 1 provides a circuit diagram of the basic strain
sensor 100. The basic strain sensor 100 may be fixed to a
physical entity that may undergo strain, such as, for
example, a structure or a body. The basic strain sensor 100
may be fixed so that any strain that the physical entity
undergoes is transferred to the basic strain sensor 100.
[0022] The basic strain sensor 100 comprises a sensing
circuit 101 and a complementary circuit 102. An input 103
of the sensing circuit 101 is coupled to an output 104 of the
complementary circuit 102. An output 105 of the sensing
circuit 101 is coupled to an input 106 of the complementary
circuit 102. The sensing circuit 101 and the complementary
circuit 102 thus form a loop. The basic strain sensor 100 may
further comprise a startup circuit, which is not represented
in FIG. 1 for the sake of simplicity and convenience.
[0023] Inthis embodiment, the sensing circuit 101 is in the
form of a non-linear current-mirror circuit. The non-linear
current mirror circuit has an input transistor 107 that oper-
ates as a diode, and an output transistor 108 in a common
source configuration. The input transistor 107 and the output
transistor 108 may be of the field-effect type. These two
transistors 107, 108 are oriented differently with respect to
each other in the sensing circuit 101. More specifically, the
input transistor 107 and the output transistor 108 may be
oriented perpendicularly with respect to each other. These
transistors may be oriented along particular crystallographic
directions of a semiconductor substrate for best strain sens-
ing performance.

[0024] The non-linear current mirror circuit comprises a
resistance 109 that is coupled between a source of the output
transistor 108 and a common circuit node, whereas a source
of the input transistor 107 is directly coupled to the common
circuit node. The, common circuit node may be, for
example, a supply voltage line and may constitute signal
ground. The resistance 109 may be provided by a transistor,
or an assembly of transistors, as will be illustrated further on.
[0025] In this embodiment, the complementary circuit 102
is in the form of a linear current mirror circuit. The sensing
circuit 101 and the complementary circuit 102 jointly form
a current reference circuit of the beta multiplier type. The
basic strain sensor 100 illustrated in FIG. 1 may therefore be
regarded as a beta ((3) multiplier current reference circuit in
which two field-effect transistors 107, 108 that form a
non-linear current mirror are oriented differently. This has
the effect that a reference current provided by this circuit
varies as a function of strain exerted on a support on which
the two field-effect transistors 107, 108 are located. This will
be explained in greater detail hereinafter.

[0026] FIG. 2 illustrates two transfer functions in the basic
strain sensor 100. FIG. 2 provides a graph 200 having a
horizontal axis that represents a direct current 201 flowing
from the output 104 of the complementary circuit 102 in the
input 103 of the sensing circuit 101, as indicated in FIG. 1.
A vertical axis represents a direct current 202 flowing from
the output 105 of the sensing circuit 101 into the input 106
of'the complementary circuit 102, as indicated in FIG. 1. The
direct current 201 that is represented by the horizontal axis
will be referred to hereinafter as left branch current 201 for
reasons of convenience. The left branch current 201 is an
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input current of the sensing circuit 101, as well as an output
current of the complementary circuit 102. The direct current
202 that is represented by the vertical axis will be referred
to hereinafter as right branch current 202 for reasons of
convenience. The right branch current 202 is an output
current of the sensing circuit 101, as well as an input current
of the complementary circuit 102.

[0027] The graph in FIG. 2 comprises two curves 203,
204. A first curve 203 represents a transfer function of the
sensing circuit 101. A second curve 203 represents a transfer
function of the complementary circuit 102 and, more pre-
cisely, represents the inverse thereof. In other words, the first
curve 203 represents a relationship between the right branch
current 202 and the left branch current 201 defined the
sensing circuit 101. The second curve 203 represents a
relationship between the left branch current 201 and the
right branch current 202 defined by the complementary
circuit 102.

[0028] FIG. 2 illustrates that the transfer function of the
sensing circuit 101 is different from the transfer function of
the complementary circuit 102. The transfer function of the
sensing circuit 101 is nonlinear, whereas the transfer func-
tion of the complementary circuit 102 is substantially linear.
The transfer function of the sensing circuit 101 is nonlinear
due to the resistance 109 between the source of the output
transistor 108 and signal ground. The resistance 109 makes
that the transfer function of the sensing circuit 101 has at
least a higher order term, such as a quadratic term. The
quadratic term is dominant if a voltage drop across the
resistance 109 is larger than the square root of a current
flowing through the output transistor 108 multiplied by two
divided by a gain parameter § of the output transistor 108.
The aforementioned current corresponds with the right
branch current 202 represented by the vertical axis of the
graph FIG. 2.

[0029] The basic strain sensor 100 basically operate as
follows. The basic strain sensor 100 reaches an operating
state 205 indicated in FIG. 2. The operating state 205 is a
point where the transfer function of the sensing circuit 101
intersects with the inverse of the transfer function of the
complementary circuit. In the operating state 205, the left
branch current 201 and the right branch current 202 are in a
relationship to each other that is in accordance with the
transfer function of the sensing circuit 101 and that of the
complementary circuit 102. The operating state 205 may
therefore be regarded as an equilibrium state, which depends
on the aforementioned transfer functions. It is assumed that
the startup circuit mentioned hereinbefore, but not repre-
sented in FIG. 1, prevents the basic strain sensor 100 from
reaching an operating state at which the aforementioned
currents are all zero.

[0030] The transfer function of the sensing circuit 101,
represented by the first curve 203, varies as a function of the
strain that is exerted on the sensing circuit 101. This is
because the two transistors 107, 108 in the sensing circuit
101 exhibit a piezoresistive effect and the transistors 107,
108 are oriented differently with respect to each other. The
piezoresistive effect makes that the gain parameter § of each
of these transistors 107, 108 varies as a function of strain that
the transistor undergoes. The different orientation, which
may be perpendicular, makes that the two transistors 107,
108 may undergo different degrees of strain. Accordingly,
the strain will affect the respective gain parameters [ of the
two transistors 107, 108 to a different extent. For example,
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the strain may cause a relatively significant change in the
gain parameter [ of one transistor, whereas the gain param-
eter f§ of the other transistor hardly changes. Since the
transfer function of the sensing circuit 101 depends on a
ratio between the respective gain parameters 3, the transfer
function thus varies as a function of strain.

[0031] Since the transfer function of the sensing circuit
101 varies as a function of strain, the operating state 205 also
varies as a function of strain. Accordingly, the right branch
current 202 and the left branch current 201 in the strain
sensor, which depend on the operating state 205, also vary
as a function of strain. Thus, a value of either of the
aforementioned currents represents a degree of strain that
the sensing circuit 101 undergoes. The value of the right
branch current 202, or that of the left branch current 201, or
both, may be read out by means of a further current mirror
circuit, which is not represented in FIG. 1 for the sake of
simplicity and convenience.

[0032] Sensitivity to strain may be improved if the transfer
function of the complementary circuit 102 also varies as a
function of strain, but inversely with respect to the transfer
function of the sensing circuit 101. In this embodiment, this
may be achieved by orienting two transistors that make up
the linear current mirror also differently with respect to each
other, but also differently with respect to the two transistors
107, 108 in the sensing circuit 101.

[0033] Importantly, the right branch current 202 and the
left branch current 201, which vary as a function of strain,
are at least at first order, supply-voltage independent. That is,
variations in the supply voltage, such as, for example, noise,
are effectively suppressed. Moreover, the right branch cur-
rent 202 and the left branch current 201 are also relatively
insensitive to temperature variations. All this contributes to
precise and accurate strain measurement by reading out the
right branch current 202, or the left branch current 201, or
both.

[0034] FIG. 3 schematically illustrates an improved strain
sensor 300. FIG. 3 provides a circuit diagram of the
improved strain sensor 300. The improved strain sensor 300
also comprises a sensing circuit 301 and a complementary
circuit 302. The sensing circuit 301 is in the form of a
nonlinear current mirror in cascode configuration. The
complementary circuit 302 of the improved strain sensor
300 is in the form of a linear current mirror in cascode
configuration.

[0035] In fact, the sensing circuit 301 of the improved
strain sensor 300 corresponds with the sensing circuit 101 of
the basic strain sensor 100 except for some particularities.
The sensing circuit 301 of the improved strain sensor 300
comprises a resistance-providing transistor 307 which. in
effect, substitutes the resistance 109 represented in FIG. 1.
The resistance-providing transistor 307 may be biased at a
zero temperature coefficient point. The resistance-providing
transistor 307 may operate in a linear regime, although
operation a saturation regime is also possible. It should be
noted that the resistance-providing transistor 307 may be
formed by an assembly of transistors, which may be coupled
in parallel, for example, and oriented such that a resistance
is provided that is relatively insensitive to strain. This
prevents the resistance from significantly affecting strain
sensing. Alternatively, transistors may be oriented such that
that the resistance contributes to strain sensing.

[0036] The sensing circuit 301 of the improved strain
sensor 300 comprises a pair of cascode transistors 303, 304,
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which have been added with respect to the sensing circuit
101 of the basic strain sensor 100. One of the cascode
transistors 303 operates as a diode and is coupled in series
with another transistor 305 that operates as a diode, which
corresponds to the input transistor 107 in the sensing circuit
101 of the basic strain sensor 100. The other cascode
transistor 304 is in a common gate configuration and is
coupled in series with another transistor 306 that is in a
common source configuration, which corresponds to the
output transistor 108 in the sensing circuit 101 of the basic
strain sensor 100.

[0037] Likewise, the complementary circuit 302 of the
improved strain sensor 300 corresponds with the comple-
mentary circuit 102 of the basic strain sensor 100 to which
a pair of cascode transistors 308, 309 have been added. One
of the cascode transistors 308 operates as a diode and is
coupled in series with another transistor 310 that operates as
a diode. The other cascode transistor 309 is in a common
gate configuration and is coupled in series with another
transistor 311 that is in a common source configuration.
[0038] The improved strain sensor 300 operates like the
basic strain sensor 100 described hereinbefore. A left branch
current 312 flows out from the complementary circuit 302
into the sensing circuit 301. A right branch current 313 flows
out from the sensing circuit 301 into the complementary
circuit 302. The improved strain sensor 300 reaches an
operating state. At this point, the left branch current 312 and
the right branch current 313 are in a relationship to each
other that corresponds to the transfer function of the sensing
circuit 301 and that of the complementary circuit 302. The
operating state is insensitive to supply voltage variations, as
well as to temperature variations.

[0039] The improved strain sensor 300 may be even less
sensitive to variations in the supply voltage than the basic
strain sensor 100. That is, these variations, which may
comprise noise, may be suppressed to a greater extent. This
is due to the cascode transistors 303, 304, 308, 309 men-
tioned hereinbefore, which counter a so-called Early effect
in transistors 305, 306, 310, 311 in the improved strain
sensor 300.

[0040] FIG. 4 schematically illustrates a strain sensor
assembly 400. FIG. 4 provides a circuit diagram of the strain
sensor assembly 400. The strain sensor assembly 400 com-
prises two strain sensors: a first strain sensor 401 and a
second strain sensor 402. The first strain sensor 401 corre-
sponds to the improved strain sensor 300 described herein-
before with reference to FIG. 3. The same applies to the
second strain sensor 402. The first strain sensor 401 and the
second strain sensor 402 are mirrored versions of each other.
The strain sensor assembly 400 further comprises a differ-
ential output stage 403 and two start-up circuits 404, 405: a
first start-up circuit 404 for the first strain sensor 401 and a
second start-up circuit 405 for the second strain sensor 402.
[0041] In more detail, the differential output stage 403
comprises a first current-mirroring circuit 406 that is
coupled to the first strain sensor 401 and a second current-
mirroring circuit 407 that is coupled to the second strain
sensor 402. Each of these current-mirroring circuits 406, 407
comprises two transistors in cascode configuration. The first
current-mirroring circuit 406 and the second current-mirror-
ing circuit 407 are jointly is coupled to a current subtraction
node 408 in the differential output stage 403. The differential
output stage 403 further comprises an output current mirror
409 in cascode configuration. An input of the output current
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mirror 409 is coupled to the current subtraction node 408.
An output of the of output current mirror 409 is coupled to
an output node 410 of the differential output stage 403,
which also constitutes an output node 410 of the strain
sensor assembly 400. An output transistor 411 provides a
resistance between the output node 410 and signal ground.
[0042] The strain sensor assembly 400 basically operates
as follows. The first strain sensor 401 and the second strain
sensor 402 reach an operating state as described hereinbe-
fore with respect to the improved strain sensor 300 illus-
trated in FIG. 3. Accordingly, the first strain sensor 401
provides a left branch current 412 that varies as a function
of strain. The first current-mirroring circuit 406 mirrors this
left branch current 412 to the current subtraction node 408.
The second strain sensor 402 provides a right branch current
413 that also varies as a function of strain, but inversely with
respect to the left branch current 412 in the first strain sensor
401. The second current-mirroring circuit 407 mirrors this
right branch current 413 to the current subtraction node 408.
[0043] The current subtraction node 408 thus receives two
currents that both vary as a function of strain, but inversely
with respect to each other. A differential current, which is a
subtraction of these two currents, flows into the input of the
output current mirror 409. A mirrored differential current
thus flows from the output of the output current mirror 409
into the resistance provided by the output transistor 411.
Accordingly, this produces an output voltage at the output
node 410 of the strain sensor assembly 400. The output
voltage varies as a function of strain. More specifically, the
output voltage reflects a differential mode strain measure-
ment jointly accomplished by the first strain sensor 401 and
the second strain sensor 402, which, in fact, form a differ-
ential pair. This differential mode strain measurement is
relatively precise and accurate because the output voltage is
relatively insensitive to supply voltage variations, as well as
temperature variations, as explained hereinbefore with
respect to the basic strain sensor 100 illustrated in FIG. 1.
[0044] The strain sensor assembly 400 may be comprised
in, for example, an integrated circuit. The integrated circuit
may comprise, for example, a transmission circuit capable of
wirelessly transmitting strain measurement data to another
device in a measurement system. The measurement system
may be in the form of, for example, a so-called Internet of
things infrastructure. The measurement system may com-
prise a device that emits a power signal that allows wire-
lessly powering the basic strain sensor 100. To that end, the
integrated circuit, or any other entity of which the strain
sensor assembly 400 forms part, may comprise an energy
harvesting circuit that generates a power supply voltage for
the basic strain sensor 100 on the basis of the power signal
received. The aforementioned remarks equally apply to
other strain sensor embodiments, such as, for example, the
basic strain sensor 100 illustrated in FIG. 1 and the improved
strain sensor 300 illustrated in FIG. 3.

[0045] FIG.5 schematically illustrates an alternative strain
sensor 500. FIG. 5 provides a circuit diagram of the alter-
native strain sensor 500. The alternative strain sensor 500
also comprises a sensing circuit 501 and a complementary
circuit 502. In this embodiment, the aforementioned circuits
501, 502 jointly constitute a voltage reference circuit. The
sensing circuit 501 comprises two transistors of the field-
effect type that are oriented differently with respect to each
other. The complementary circuit 502 comprises a current
mirror circuit. The alternative strain sensor 500 provides a
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reference output voltage that varies as a function of strain,
whereas the reference output voltage is insensitive to supply
voltage variations as well as temperature variations. Thus,
the alternative strain sensor 500 also allows precise and
accurate strain measurement.

[0046] The embodiments described hereinbefore with ref-
erence to the drawings are presented by way of illustration.
The invention may be implemented in numerous different
ways. In order to illustrate this, some alternatives are briefly
indicated.

[0047] The invention may be applied in numerous types of
products or methods related to measuring physical forces. In
the embodiments presented hereinbefore, measurement of
strain is mentioned. However, the embodiments presented
hereinbefore, as well as other embodiments, may be used for
measuring another physical force, such as, for example,
pressure. For example, a sensor device may comprise a
component that converts pressure into strain, which may be
measured by a strain sensor in accordance with the inven-
tion. Thus, the term “‘strain sensor” should be understood in
a broad sense. This term may embrace any entity capable of
measuring a physical force that can be converted into strain.
[0048] There are numerous different ways of implement-
ing a strain sensor in accordance with the invention. Various
embodiments have been presented with reference to FIGS.
1-4, which are based on a current reference circuit of the beta
multiplier type. In addition, another embodiment with ref-
erence to FIG. 5 has been presented, which is based on a
voltage reference circuit. This is to illustrate that a strain
sensor in accordance with the invention may be based on any
type of reference circuit that includes a sub circuit having a
transfer function that can be made strain dependent. This
strain-sensitive sub-circuit then thus forms the sensing cir-
cuit in the strain sensor in accordance with the invention.
Moreover, strain-sensitive components in the sensing circuit
need not necessarily be transistors. Furthermore, transistors
in the sensing circuit need not necessarily be of the field-
effect type. Alternatives include, for example, bipolar tran-
sistors, high-electron-mobility (HEMT) transistors, and het-
erojunction bipolar (HBT) transistors. A transistor cascode
configuration may differ from that in the embodiments
presented with reference to FIGS. 3 and 4.

[0049] The remarks made hereinbefore demonstrate that
the embodiments described with reference to the drawings
illustrate the invention, rather than limit the invention. The
invention can be implemented in numerous alternative ways
that are within the scope of the appended claims. All changes
that come within the meaning and range of equivalency of
the claims are to be embraced within their scope. Any
reference sign in a claim should not be construed as limiting
the claim. The verb “comprise” in a claim does not exclude
the presence of other elements or other steps than those
listed in the claim. The same applies to similar verbs such as
“include” and “contain”. The mention of an element in
singular in a claim pertaining to a product, does not exclude
that the product may comprise a plurality of such elements.
Likewise, the mention of a step in singular in a claim
pertaining to a method does not exclude that the method may
comprise a plurality of such steps. The mere fact that
respective dependent claims define respective additional
features, does not exclude combinations of additional fea-
tures other than those reflected in the claims.

1. A strain sensor based on a self-biasing reference circuit
arranged to reach an operating state that, at least at first
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order, is at least supply-voltage independent, the strain
sensor providing an output signal that is defined by the
operating state of the self-biasing reference circuit, wherein
at least one component in the self-biasing reference circuit
has an electrical characteristic that depends on a strain to
which the at least one component is subjected so that the
operating state of the self-biasing reference circuit depends
on the strain and, as a result, the output signal of the strain
sensor varies as a function of the strain to which the at least
one component is subjected.

2. A strain sensor according to claim 1, wherein the
self-biasing reference circuit comprises:

a sensing circuit including a component having an elec-
trical characteristic that depends on a strain to which
the component is subjected so that the sensing circuit
has a transfer function from an input to an output that
varies as a function of the strain to which the compo-
nent is subjected; and

a complementary circuit having an input coupled to the
output of the sensing circuit and an output coupled to
the input of the sensing circuit, the complementary
circuit having a different transfer function from its
input to its output,

the operating state of the self-biasing reference circuit being
defined by the transfer function of the sensing circuit and the
different transfer function of the complementary circuit.

3. A strain sensor according to claim 2, wherein the
complementary circuit also includes a component having an
electrical characteristic that depends on a strain to which the
component is subjected so that the different transfer function
of the complementary circuit also varies as a function of
strain but inversely with respect to the transfer function of
the sensing circuit.

4. A strain sensor according to claim 2, wherein the
sensing circuit comprises two strain-sensitive transistors of
the field-effect type that affect the transfer function of the
sensing circuit, the two transistors being oriented differently
with respect to each other on a substrate.

5. A strain sensor according to claim 4, wherein the
sensing circuit comprises a non-linear current-mirror circuit
having an input transistor that operates as a diode, and an
output transistor in a common source configuration with a
resistance between source and a common circuit node mak-
ing that transfer function of the sensing circuit is non-linear.
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6. A strain sensor according to claim 5, wherein the
resistance is provided by at least one transistor of the
field-effect type.

7. A strain sensor according to claim 6, wherein the
transistor that provides the resistance is biased at a zero
temperature coefficient point.

8. A strain sensor according to claim 6, wherein the
transistor that provides the resistance configured to operate
in a linear regime.

9. A strain sensor according to claim 4, wherein the
complementary circuit comprises a linear current-mirror
circuit, whereby the sensing circuit and the complementary
circuit jointly form a current reference circuit of the beta
multiplier type.

10. A strain sensor according to claim 5, wherein the
non-linear current-mirror circuit in the sensing circuit has a
cascode configuration.

11. A strain sensor according to claim 9, wherein the linear
current-mirror circuit in the complementary circuit has a
cascode configuration.

12. A strain sensor assembly comprising:

a first strain sensor and a second strain sensor according

to claim 1,

wherein the output signal of the first strain sensor varies

as a function of the strain, and

wherein the output signal of the second strain sensor

varies as a function of the strain but inversely with
respect to that of the first strain sensor; and

a differential output stage arranged to provide an output

signal that corresponds with a difference between the
output signal of the first strain sensor and the output
signal of the second strain sensor.

13. A strain sensor assembly according to claim to 12,
wherein the first strain sensor and the second strain sensor
are mirrored versions of each other.

14. An integrated circuit comprising a strain sensor
according to claim 1.

15. A measurement system comprising a strain sensor
according to claim 1.

16. An integrated circuit comprising a strain sensor
assembly according to claim 12.

17. A measurement system comprising a strain sensor
assembly according to claim 12.
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