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(57) Abstract: A temperature sensor adaptor assembly and method having a conversion circuit configured for receiving an input
& characteristic of an input temperature sensor and generating a pulse width signal having a pulse width that varies in response to the
received input characteristic. The assembly also includes an output circuit coupled to the conversion circuit for receiving the pulse
width signal, coupled to an output, and configured for providing an impedance at the output responsive to the pulse width of the
received pulse width signal. The provided impedance at the output corresponds to an impedance of a synthesized temperature sensor

that is different from the input temperature sensor.
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TEMPERATURE SENSOR ADAPTORS AND METHODS

FIELD

[0001] The present disclosure relates to temperature sensors and,
more specifically, to circuits for interfacing temperature sensors to temperature
measurement instruments.

BACKGROUND

[0002] The statements in this section merely provide background
information related to the present disclosure and may not constitute prior art.

[0003] Temperature sensors are used in a wide variety of operational
environments to monitor operating and environmental characteristics. They are
placed in or associated with the operational environment being monitored and
are designed for generating an electrical signal or having an electrical
characteristic such as an impedance, voltage or current that varies in response to
the changes in the temperature of the monitored operating environment.

[0004] Typically, temperature sensors are designed for particular
operational environments and for particular operating ranges based on a trade off
between performance over the range of the characteristic to be monitored and
costs. Some temperature sensors have high sensitivity with narrow monitoring
ranges, while others have less sensitivity but with broader monitoring ranges.
Additionally, some temperature sensors are designed for harsh environments
that provide for sensing of the operating characteristics without requiring constant
replacement. For example, thermistors and resistance temperature detectors
(RTD) have impedances including resistances that vary as a function of
temperature and are often utilized temperature measurement. These devices
utilize semi-conductor devices that can be prone to failure in a harsh operating
environment. Additionally, thermistors can be extremely sensitive but typically are
only linear over a narrow temperature range. In contrast, thermocouples
generate an output voltage, due to the well known Seebeck Effect, and can have
a wide linear temperature detection range. The designs of thermocouples enable



WO 2007/136855 PCT/US2007/012181

them to be placed in harsh environments, but are generally less costly than
thermistors.

[0005] Temperature sensors are typically coupled to a measurement
instrument or device adapted for receiving or determining the sensor provided
characteristic and, in response, determining the value of the monitored operating
characteristic. For example, a temperature measurement instrument includes an
interface and temperature measurement hardware and software for receiving or
determining a value of a characteristic of a temperature coupled thereto and
determining a temperature measured by the temperature sensor. Each
measurement instrument is designed and configured for a particular type of
sensor such as the various types of thermocouples, thermistors, RTDs, pressure
sensors, and motion detections, by way of example. For temperature
measurement, one common type of measurement instrument is configured for
determining a sensed temperature from an RTD temperature sensor. While some
measurement instruments are configurable or selectable between sensor types,
it is common for each to be specialized for the particular type of sensor.

[0006] However, the operators of measurement systems having
measurement instruments and sensors would often like to utilize a different type
of temperature sensor without having to change out or modify the measurement
instrument. For example, an operator may desire to sense a temperature with a
thermocouple even though the operations system is already equipped with
temperature measurement systems designed for resistance-type temperature
sensors such as a particular type of RTD or thermistor. In the alternative, the
operational environment may be configured for use with a thermocouple, and the
operator may desire to utilize a resistance-type of temperature measurement

instrument.
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SUMMARY

[0007] The inventor hereof has succeeded at designing circuits,
assemblies, systems and methods for adapting a temperature sensor or a
temperature measurement instrument to interface with a device that is different
than that which it was designed to interface while still enabling the proper -
monitoring or detection within the operational environment. In some
embodiments, this can provide for reliable and cost effective systems and
methods for adapting a temperature sensor to a temperature measurement
instrument that was designed to interface with a different type of temperature
sensor and to improve the sensitivity or range of the temperature sensor.

[0008] According to one aspect, a temperature sensor adaptor
assembly includes a conversion circuit configured for receiving an input
characteristic of an input temperature sensor and generating a pulse width signal
having a pulse width that varies in response to the received input characteristic.
The assembly also includes an impedance circuit coupled to the conversion
circuit for receiving the pulse width signal, coupled to an output, and configured
for providing an impedance at the output responsive to the pulse width of the
received pulse width signal. The provided impedance at the output corresponds
to an impedance of a synthesized temperature sensor that is different from the
input temperature sensor.

[0009] According to yet another aspect, a temperature sensor adaptor
system includes an input for receiving an electrical signal from a thermocouple
and an output for coupling to an input of a temperature measurement instrument
that is configured for receiving an input from an impedance temperature sensor
for determining a sensed temperature. The assembly also includes a processor
coupled to the input for receiving the electrical signal and is configured for
generating a pulse width signal having a pulse width that varies in response to
the received electrical signal. A control circuit is coupled to the processor and is
configured for receiving the pulse width signal and converting the pulse width
signal into a control signal responsive to the pulse width of the received pulse
width signal. An impedance device is coupled to the control circuit for receiving
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the control signal and is configured for providing an impedance at the output
responsive to the control signal and that corresponds to an impedance of an
impedance-based temperature sensor.

[0010] According to another aspect, a temperature sensor adaptor
circuit includes means for converting an input characteristic received at an input
from a temperature sensor configured for sensing a temperature into a pulse
width signal having a pulse width that varies in response to the received input
characteristic, and means for providing an output characteristic at an output
corresponding to a characteristic of a synthesized temperature sensor and
responsive to the pulse width of the pulse width signal, said synthesized
temperature sensor being different from the input temperature sensor.

[0011]  According to still another aspect, a method of sensing a
temperéture includes receiving a voltage generated by a thermocouple sensing
an operating temperature, generating a pulse width signal having a puise width
that varies in response to the received voltage, and providing an impedance at
an output that varies in response to the pulse width of the pulse width signal and
that corresponds to an impedance of an impedance-based temperature sensor
sensing the operating temperature.

[0012] Further aspects of the present disclosure will be in part apparent
and in part pointed out below. It should be understood that various aspects of the
disclosure may be implemented individually or in combination with one another. It
should also be understood that the detailed description and drawings, while
indicating certain exemplary embodiments, are intended for purposes of
illustration only and should not be construed as limiting the scope of the
disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram of a sensor adaptor system having a
sensor adaptor circuit interfacing between an input device and an output device
according to one exemplary embodiment; '

[0014] FIG. 2 is a block diagram of a temperature sensor adaptor
system having a temperature sensor adaptor circuit interfacing receiving an input
characteristic from an input temperature sensor and providing an output
impedance according to another exemplary embodiment;

[0015] FIG. 3 is a graphical illustration of three pulse width signals
according to various exemplary embodiments;

[0016] FIG. 4 is a block diagram of a temperature sensor adaptor
system for interfacing with a plurality of temperature sensors and for providing a
variable impedance output according to yet another exemplary embodiment;

[0017] FIG. 5 is a circuit schematic of a sensor adaptor circuit
according to another exemplary embodiment;

[0018] FIG. 6 is a flow diagram of a method of adapting a sensor
according to one exemplary embodiment; and

[0019] FIG. 7 is a block diagram of a processing system for a sensor
adaptor according to some exemplary embodiments.

[0020] It should be understood that throughout the drawings,
corresponding reference numerals indicate like or corresponding parts and

features.
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DETAILED DESCRIPTION

[0021] The following description is merely exemplary in nature and is
not intended to limit the present disclosure or the disclosure's applications or
uses.

[0022] In one embodiment, an electronic adaptor assembly includes a
conversion circuit and an output circuit. The conversion circuit i.s coupled to an
input and configured for receiving an input characteristic of an inpUt device that is
also coupled to the input. Typically, the input device is positioned to provide the
. input characteristic and the value of the characteristic associated with an
operation of and/or the environment about the input device. The input device can
be any type of input sensing device including a temperature sensor, a humidity
sensor, a velocity sensor, a pressure sensor, a flow sensor, a motion sensor, a
voltage sensor, a current sensor, and an impédance sensor, by way of example.
The conversion circuit generates a pulse width signal having a pulse width that
varies in response to the received input characteristic. The output circuit is
coupled to an output and to the conversion circuit and configured for receiving
the pulse width signal and providing a characteristic at the output that varies in
response to the puise width of the pulse width signal. The characteristic at the
output corresponds to a characteristic of a synthesized device that is different
from the input device. The synthesized device can be any type of device for
which synthesization at the output is desired and can include a temperature
sensor, a humidity sensor, a velocity sensor, a flow sensor, a motion sensor, a
pressure sensor, a voltage sensor, a current sensor, and an impedance sensor,
by way of example. The value of the characteristic is generally provided to be the
value that would be provided by the synthesized device had the synthesized
device been positioned and utilized in place of the input device.

[0023] Referring to Fig. 1, one exemplary electronic adaptor system
100 includes a sensor adaptor circuit 102 with an input 104 and an output 106. A
conversion circuit 108 is coupled to the input 104. An output circuit 110 is
coupled to the output 106. An input device 112, such as a sensor, is coupled to
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the input 104. An output device 116, such as a measurement instrument, is
coupled to the output 106.

[0024] The input device 112 can be any type of device and can include
a temperature sensor, a humidity sensor, a velocity sensor, a pressure sensor, a
flow sensor, a motion sensor, a voltage sensor, a current sensor, and an
impedance sensor. Generally, the input device 112 provides an input
characteristic Ci» to the input 104. The input device 112 generates a
characteristic such as an analog signal having a voltage or current value that
varies in time or based on particular operating or sensed characteristic. In other
embodiments, the input device 112 can provide an impedance characteristic (and
used generally herein to include a basic resistance or a complex impedance) in
response to an externally provided voltage or current, such as one provided by
the sensor adaptor circuit 102. The input 104 is configured to receive the input
characteristic C;, from the input device 112 and provides it to the conversion
circuit 108.

[0025] The conversion circuit 108 receives the input characteristic Cj,
and generates a pulse width signal S, having a pulse width that varies as a
function of the received input characteristic. The pulse width signal S,y can be a
digital signal or an analog signal. The conversion circuit 108 can determine the
appropriate pulse width for the pulse width signal S,y in a variety of different
manners and based on a variety of different processes as will be discussed in
greater detail below. In summary hefe, the conversion circuit 108 determines the
pulse width for the pulse width signal S, based on one or more of the input
characteristics, a determined value for an operating characteristic associated
with input device 112, the output circuit 110 and its functionalities and
capabilities, and one or more characteristics of a synthesized device (not shown).
The operating characteristic can be any characteristic and can include a
temperature, a pressure, a humidity, a flow, a movement, and a velocity. The
synthesized device is a device for which an output characteristic Coy is
synthesized by the output circuit had the synthesized device originally sensed the
operating characteristic rather than having been sensed by the input device 112.
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For example, the conversion circuit 108 and output circuit 110 are configured for
generating the pulse width signal S;., having a pulse width corresponding to the
synthesized characteristic of the synthesized device detecting the operating
characteristic as detected by the input device 112.

[0026] The output circuit 110 receives the pulse width signal Syw
generated by the conversion circuit 108 and provides the output characteristic
Cou at the output 106 and/or to the output device 116. It should be noted here,
that throughout the disclosure, the input characteristics C;,, the pulse width of
pulse width signal S,w, the output characteristic C,y, changes to these or
dependencies of these vary by changes in the characteristics and/or values of
the characteristics and the present description is intended to cover both
interpretations, even though not stated as such. As such, the value of the output
characteristic can change as a function or responsive to a change in value of the
input characteristic, and/or the value operating characteristic, and the "value" of
the characteristic is implied, though not specifically stated or recited in all
descriptions.

[0027] As addressed further below, the electronic adaptor circuit 102
can receive a plurality of input characteristics Ci, from a plurality of input devices
112, and determine a single output characteristic Coy as a function of the plurality
of input characteristics Ci,. The determination of the appropriate pulse width and
therefore the output characteristic Co can include a computation, an averaging,
an algorithm, and a mapping, by way of examples, such that the output
characteristic Co; is determined from a plurality of input characteristics Ci, or
measurements.

[0028] By way of further example of a specific type of electronic
adaptor assembly shown in Fig. 1, the electronic adaptor assembly can be a
temperature sensor adaptor assembly. In the temperature sensor adaptor
assembly embodiments, the conversion circuit 110 configured for receiving an
input characteristic of an input temperature sensor (e.g., input device 112 of Fig.
1) that detects a temperature of an operating environment and generates a
temperature characteristic. The temperature characteristic can be any type of
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characteristic and includes voltage, current, and resistance, by way of examples.
Generally, the input characteristic provided by the input temperature sensor
varies as a function of the operating temperature based on the characteristic to
temperature profile of the input temperature sensor. The conversion circuit 110
correlates the received input characteristic of the input temperature sensor to
determine a pulse width that will cause the impedance circuit at the output to
provide an output impedance that corresponds to an impedance of a desired
synthesized device. The conversion circuit 110 generates a pulse width signal
having a pulse width that varies in response to the input characteristic of the
input temperature sensor and that will result in the synthesized impedance value.
The temperature sensor adaptor assembly embodiment also includes an output
impedance circuit (as the out circuit 110) coupled to the conversion circuit 110
and that receives the pulse width signal S;,,. The output impedance circuit
provides a synthesized impedance as the output characteristic C, at the output
106 responsive to the pulse width of the pulse width signal S, and
corresponding to the impedance of the synthesized temperature sensor.

[0029] Generally, in this exemplary embodiment, the input temperature
sensor can be any type of temperature sensor providing any type of input
characteristic Cis, including voltage, current, and impedance, by way of
examples. The synthesized sensor can be any type of impedance varying type of
température sensor such as any type of thermistor or RTD. This exemplary
embodiment receives the input characteristic Ci, from the input temperature
sensor and adapts it to have an impedance value that correlate to and/or to have
the same impedance profile (e.g., impedance as a function of temperature) as
the synthesized temperature sensor. Additionally, those skilled in the art will
understand that the profiles of the synthesized device can be based on actual
devices or can be profiles of improved performance or enhanced devices, such
as devices that have a greater bandwidth of linearity in it output characteristic to
operating characteristic profile. In this manner, the adaptor circuit adapts the
temperature sensor to be the output of a known or improved synthesized
temperature sensor sensing the same temperature thereby enabling the input
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sensor to interface with a temperature measurement system or instrument that is
adapted for receiving the impedance value associated with the profile of the
synthesized temperature sensor.

[0030] One example of a temperature sensor adapting system 120 s
illustrated in Fig. 2. As shown, a temperature sensor adaptor circuit 122 is one
example of the electronic adaptor circuit 102 of Fig. 1 configured for receiving the
input characteristic Ci, from a temperature sensor 124, which is the input device
112 in this example./ The temperature sensor 124 can be a thermocouple
providing a voltage or current to the input 104, or can be an impedance-type
temperature measurement device such as a thermistor or an RTD. In-the later
case of an impedance-type sensor, the temperature sensor adaptor circuit 122
can provide an enabling or biasing voltage or current via input 104 to the
impedance-type temperature sensor 124 device for determining the provided
value of the impedance input characteristic C;,. The output circuit 110, in this
illustrated embodiment, is an output impedance circuit 130.

[0031] The conversion circuit 108 can include one or more processors
126 such as any known type of processing chip or system and can include a
digital signal processor (DSP). Additionally, a memory 128 can be associated
with the processor 126 or can be included with the processor 126. One
exemplary computer operating environment for the conversion circuit 108 is
provided below with regard to Fig. 7. In one embodiment, the conversion circuit
108 is programmable with computer executable instructions stored or provided
on a computer readable medium, and configured to determine a sensed
temperature as a function of the temperature input characteristic Cjy,.

[0032] In one embodiment, the conversion circuit 108 includes one or
more analog-to-digital converters (ADC). An analog input signal is received from
the temperature sensor 124 including the input characteristic Ci, and is converted
from analog to digital by the ADC. The digitized input signal can then be digitally
processed to determine, by way of example, the operating characteristic value as

sensed by the temperature sensor 124. One or more reference signals, such as

10
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a DC reference voltage, can also be converted to a digital signal. The digitized
reference signals can also be modified by a linear compensation function.

[0033] The conversion circuit 108 can utilize the determined operating
characteristic value and the maodified reference signal to determine the
appropriate value of the output characteristic Cot associated with the
synthesized device. Additionally the conversion circuit 108 can determine the
required pulse width of the pulse width signal S,y so as to provide the output
characteristic value at the output 106 by the output impedance circuit 130, e.g.,
output circuit 110. The pulse width can be determined by the processor 126
utilizing computer instructions, one or more algorithms, tables, maps, processes,
by way of examples, in order to control the output impedance circuit 130 to
provide the particular value of an output impedance Z, corresponding to the
synthesized device. In some embodiments, the conversion circuit 108 is
configured to utilize models of the synthesized device, the output characteristic
Cout to operating characteristic profile or algorithm of the synthesized device,
and/or the characteristics and/or profile of the impedance circuit 130, and
components thereof, as functions of the provided pulse width of the pulse width
signal Spw. The conversion circuit 108 can be user adaptable via a user or
programming interface to a variety of different types of temperature sensors 124
in various operating environments, and to a variety of synthesized devices.
These models define known device profiles and performances, and can also be
modified to improve sensitivity, linear bandwidth and/or performance as the
synthesized device can be a theoretical device. In this manner, the adaptor
circuit 102 can be attractive for a wide range of applications including enhancing
the performance characteristics where the synthesized device is an improved
performance model of the temperature sensor 124. For example, the adaptor
circuit 102 can be utilized to improve the linearity of the temperature sensor 124
over ranges where the temperature sensor 124 is typically non-linear. As such,
the temperature sensor 124 can be selected based on cost, availability, or

performance in the operating environment.

11
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[0034] After the conversion circuit 108 has determined the appropriate
pulse width to provide the synthesized output characteristic C,, such as the
output impedance Z,, the conversion circuit 108 generates the pulse width signal
Spw having the determined puise width. The impedance circuit 130 includes a
control circuit 132 that is configured to receive the pulse width signal S,y and to
generate a control signal Scon. The control signal Sc,n, can be any type of
electrical signal and can include a direct current voltage and/or current signal, by
way of example. The control circuit 132 can include one or more operational
amplifiers, integrators or integration circuits, and/or one or more filters, such as a
linear filter.

[0035] An output device 134, such as a variable impedance device, is
coupled to the output 106 such that the output characteristic Co.t of the output
106 is varied by the output device 134. The output device 134 can provide an
output impedance Z,, output voltage, or output current, that varies in response to
the control signal Scon. FOr example, the output device 134 can include a
semiconductor or transistor and, in one embodiment, is a field effect transistor
(FET) such as a metal oxide field effect transistor (MOSFET). In the latter case,
the control signal S¢on can be a biasing voltage coupled to a gate on the
MOSFET and the output characteristic Cot can be the impedance Z, between
the source and the drain that varies as a function of the activation of the gate
responding to the control signal Sc., voltage. In other embodiments, the output
circuit 110 can include a voltage or current source and a variable voltage device
or a variable current device for synthesizing a synthesized temperature sensor
that provides a voltage or current that varies in response to the input
characteristic Ci, such as temperature.

[0036] Of course, as understood by those skilled in the art, the
conversion circuit 108 and the impedance circuit 130 can include fewer or more
circuit components as described herein and still be within the scope of the
present disclosure. By way of example, as described below, one or more
feedback signals can be provided to the conversion circuit 108 for inclusion in the
determination of the appropriate pulse width of the pulse width signal Sy, or to

12
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the impedance circuit 130 for the determination of the control signal Sco, for
controlling an output circuit 110, such as the impedance circuit 130. These will be
discussed is greater detail below with regard to Figs. 4-6.

[0037] Referring now to Fig. 3, a timing diagram 138 illustrates the
pulse width signal S,y having the pulse width that varies in response to the input
characteristic Cis, e.g., the width of the pulses of the pulse width signal vary as a
function of the value of the ihput characteristic Ci, provided by the input device
112, such as described above as temperature sensor 124, by way of example. In
this example, the first pulse diagram 138A illustrates a first input characteristic
Cin1 as a first voltage V4. The conversion circuit 108 receives the first voltage V4,
determines a first temperature T4, and then determines the first pulse width PW,
that corresponds to the first voltage V4 and/or the first temperature T. The first
pulse width signal Syw having the first pulse width PW, is illustrated in the signal
diagram 138A having a pulse timing interval of Tl,y and a pulse rate of PR,
(pulse rate herein describes the timing rate of the pulses, which can also be
viewed as the frequency of the puises). While the puise rate PR can vary in some
embodiments, in one preferred embodiment the pulse rate PR is substantially
constant over time and generally independent of the received input characteristic
Cin. As indicated on the left of signal diagram 138A, the first pulse width PW,
provides for a first output resistance R;.

[0038] Next, a second input characteristic Cin is received that has a
second voltage V- that is less than the first voltage V4. The conversion circuit 108
receives the second voltage V,, determines a second temperature T, and then
determines the second pulse width PW; that corresponds to the second voltage
V2 and/or the second temperature T,. The second pulse width signal Syuz is
illustrated in signal diagram 138B having the pulse timing interval of Ti,, and a
pulse rate of PRz, which can be equal to the first bit rate PRy in some
embodiments. The second pulse width PW;, is less than the first pulse width PW,
because the second voltage V; is less than the first voltage V,. If should be

understood, however, that in some embodiments the pulse width can increase as

13
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the value of the input characteristic decreases, and still be within the scope of the
disclosure.

[0039] The signal diagram 138C illustrates a change of the input
characteristic Gin, in this example, voltage V, over time. As shown, the input
characteristic Ci, starts as a first voltage value V; that is greater than V,; and V».
The third voltage V3 results in a determination of a third Temperature T3, a third
pulse width PW3 and a third output characteristic value of a resistance Ri. As the
input characteristic C;, changes from third voltage V; to first voitage V,, the
determined temperature changes to first Temperature T4, and results in the first
pulse width PW, being generated. From the first pulse width PW,, the output
circuit 110, such as impedance circuit 130, by way of example, generates the first
output resistance R,. Next, as the input characteristic C;, changes from first
voltage V; to the second voltage V;, the determined temperature changes to
second Temperature T, and results in the second pulse width PW; being
generated. From the second pulse width PW,, the output circuit 110 generates
the second output resistance Rj. As such, it can be seen that the width of the
pulses changes as a function of the received input characteristic Ci, (such as a
function of the value of the input characteristic C;,) and/or the determined
Temperature T. Additionally, the output characteristic Cout, such as the
impedance or resistance, changes as a function of the pulse width.

[0040] Referring now to Fig. 4, an adaptor system 140 is another
exemplary embodiment of the electronic adaptor circuit 102, and more
specifically, another exemplary embodiment of the temperature sensor adaptor
circuit 122. As shown, a plurality of temperature sensors 124 (shown as 124, to
124y and corresponding to input devices 1121 and 112y) are coupled to the input
104 with each providing an input characteristics Ci,, shown as Cjy1 to Cipn. The
conversion circuit 108 receives each of the input characteristics C;, and
generates, one or more pulse width signals Sp,. In one embodiment, the
conversion circuit 108 receives two or more input characteristics C;, from two or
more temperatures sensors 124 and generates a single pulse width signal S, as

a function of the multiple input characteristics C;, or as a function of multiple
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temperatureé determined from the multiple input characteristics C;,. For example,
the determination of the pulse width for the pulse width signal S, can be based
on an averaging of the input characteristics Ci, or the determined temperatures
Tn. In other embodiments, the pulse width can be generated from a software
model related to the environment and/or the particular application and
characteristics of the synthesized temperature sensor.

[0041] In yet other embodiments, the conversion circuit 108 can
receive the multiple input characteristics Ci, and generate two or more puise
width signals S,wn with each being a function of one or a combination of more
than one input characteristic C;y. In this case, the temperature sensor adaptor
circuit 122 can include muiltiple output circuits 110, such as multiple impedance
circuits 130, at multiple outputs 106n. Each of the multiple temperature sensors
124 or other input devices 112 can be of the same type, or of a different type.
Additionally, each of the multiple temperature sensors 124 or other input devices
112 can provide the same or different input characteristic Ci.n. And each of the
output circuits 110y can provide the same output characteristic C,,; or a different
output characteristic Cout.

[0042] As alsoillustrated in Fig. 4, in a temperature sensing application
wherein one or more of the temperature sensors 124 is a thermocouple, a cold
junction compensation circuit (CJC) 142 can provide a compensation signal Scomp
to the conversion circuit 108. As is known in the art, the compensation signal
Scomp €an be utilized by the conversion circuit 108 to determine the temperature T
at the hot junction of the thermocouple. The conversion circuit 108 can utilize the
compensation signal Scomp, at least in part, to determine the appropriate width of
the pulses in the pulse width signal S,y to be generated to synthesize the output
characteristic Cou. Of course, more than one cold junction compensation circuit
142 can provide more than one Scomp signal, and in other embodiments, other
types of input or compensation signals, other than a cold conjunction
compensation signal can be provided to the conversion circuit 108 for use in
generating the width of the pulses for the pulse width signal S,w. As noted above
this can also include a feedback signal.

15
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[0043] One example of a feedback signal is generated by a conversion
feedback circuit 144. The conversion feedback circuit 144 is coupled to, or is
associated with, the output 106 for providing a conversion feedback signal FSony
to the conversion circuit 108. The conversion feedback signal FScony can include
a voltage, current, impedance, or more complex analog or digital signal formed
from the output of the output circuit 110 that is utilized by the conversion circuit
108 in the determination of the appropriate width of the pulses of the pulse width
signal Sy to produce the appropriate value of the output characteristic Cout to
synthesize the characteristic of the synthesized device. For example, in one
embodiment, the conversion feedback circuit 144 generates the conversion
feedback signal FS..ny as a current shunt or voltage shunt from the output 106
wherein the conversion feedback signal FScqny is utilized by the conversion circuit
108 to determine the width of the pulses of the pulse width signal S,,,.

[0044] In some embodiments, an output control feedback circuit 146 is
coupled to, or associated with, the output 106 to provide an output control
feedback signal FS, to or within the output circuit 110 such as the impedance
circuit 130. The output circuit 132 within the output circuit 110 can utilize the
output control feedback signal FSe in the generation of the control signal S, for
controlling the output device 134, and/or for providing the output characteristic
Cout having the appropriate synthesized characteristic value. For example, in one
embodiment the output control feedback circuit 146 provides a voltage from the
output 106 as the output control feedback signal FSc. In one embodiment, the
provided voltage is a voltage received at the output 106 from a temperature
measurement instrument coupled to the output and configured for interfacing with
an impedance-type temperature sensor. In other embodiments, the voltage may
be generated internally to the adaptor circuit‘102. By generating an output control
feedback signal FS,. as a function of the voltage at the output 106, the output
circuit 110 can adjust the control signal Scon and therefore can adjust the
provided output characteristic C,, or values thereof, based on variations of the
provided voltage. This is only one example, as the output control feedback circuit

146 can also be based on a current or the output characteristic Cqitself, or in
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some cases, can be based on an external input from the measurement
instrument.

[0045] The output control feedback signal FS,. can also be provided, in
some embodiments, to the conversion circuit 108. In this manner, the conversion
circuit 108 can also make adjustments to the width of the pulses of the pulse
width signal Syw to adapt for variations of the voltage, current, impedance, or the
output characteristic Cou, Of the output 106. For example, this can include
utilizing the output control feedback signal FS,. as a variable reference or
reference signal for processor 126.

[0046] Fig. S illustrates one exemplary circuit diagram of an electronic
adaptor circuit 102 as generally described above with regard to Fig. 6. As known
to those skilled in the art, additional circuit components and/or alternative wirings
and component functionality can be implemented within this circuit and still be
within the scope of the present circuit disclosure. For example, there are various
methods and system for appropriately biasing one or more components within a
circuit and for control, programming and operation of the processor that are well
known in circuit design. Additionally, while the circuit of Fig. 5 only illustrates a
single input temperature sensor and a single output, the circuit can be configured
to have two or more input temperature sensors and one or more outputs
associated with the two or more input temperature sensors. The common
components and elements are not described again herein as they are generally
described with regard to Fig. 5.

[0047] The conversion circuit 108 in this embodiment includes a
processing system having an integrated memory within the processor 126.
Additionally, a programming interface 150 includes a piurality of inputs and
~ outputs for operating, installing software, programming and monitoring of the
processor 126 and generally the conversion circuit 108. The conversion circuit
108 can receive a reference voltage from a source external to the adaptor circuit
148 or can receive a reference voltage from within the adaptor circuit 148. For

example, in one embodiment, the reference voltage is a voltage generated, at
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least in part, from a voltage at the output 106, such as can be provided by the
output control feedback signal FSqc.

[0048] With regard to the output circuit 110, the adaptor circuit 148
includes an output control circuit 132 including a operational amplifier (op amp)
152 configured in an integrating circuit to provide control signal Scon. The op amp
is configured to receive the pulse width signal Sy, on the inverting input to the op
amp 152. The output control feedback signal FS. is derived from the voltage
and/or current at the output 106 and provided to the non-inverting input to the op
amp 152. In this manner, the op amp 152 integrates the pulse width signal S,
with the output control feedback signal FSq to generate the control signal Scon.
The output device 134 includes a MOSFET output transistor 154 having a gate
coupled to receive the control signal Scqn, the drain coupled to the output 106,
and the source coupled through a resistor to ground. In this manner, the control
signal S¢on controls the gate that in turns controls the conductivity and therefore
impedance between the drain and source, and therefore the impedance at the
output 106.

[0049] A power source can also be included in the adaptor circuit 148
and associated with the output and/or coupled to the drain (shown as the dashed
line receiving VV+) and/or source of the transistor 154 to provide a voltage or
current as the output characteristic Cqyt rather than an impedance. Additionally,
the puise width signal Sy, can also be provided as an output of the adaptor circuit
148 and provided to a measurement device 116. In such embodiments, the
measurement device 116 can implement one or more of the components and
functions of the output circuit 110 as described herein, or can be adapted to
directly determine the operating environment characteristic from the pulse width
of the pulse width signal Syy. As noted, the adaptor circuit 148 of Fig. 5 is just
one exemplary embodiment of the adaptor circuit 102 as designed and tested by
the inventors. As those skilled in the art understand, various other alternative
circuit designs can also be created to implement the elements of the claims and

to provide similar or equivalent functionality and to perform the processes and

18



WO 2007/136855 PCT/US2007/012181

methods as described herein. These can include one or more of the methods of
operation of the present disclosure as now addressed.

[0050] In operation, a method of adapting can include a method of
sensing, as one exemplary adaptation implementation. As illustrated in Fig. 6, a
method 200 can include receiving the input characteristic Ci, such as a voltage,
current, or impedance in process 202 from an input device, such as a sensor
positioned and configured for sensing an operating characteristic within an
operational environment. For example, this can be a thermocouple generating a
voltage due to the sensing of a temperature. The method includes generating a
pulse width signal Spw in process 204 having a pulse width that varies in
response to the receiv.ed input characteristic. An output characteristic Coyis
provided in process 206 at the output 106 in response to the pulse width of the
generated pulse width signal Spy,. As noted above, the output characteristic Co,
but can include impedance, voltage, and/or current. The output characteristic
Cou, as provided at the output 106, corresponds to a characteristic of a
synthesized sensor that can be different from the characteristic of the input
~ device 112. The value of the output characteristic Coy relates to the value of the
characteristic of the syhthesized sensor, had the synthesized sensor sensed the
operating characteristic within the operational environment rather than the input
device 112. One example of such adaptation, is adapting the output of a
thermocouple positioned to sense an operating temperature to an impedance at
the output 106 that varies as a function of the operating temperature as that that
would have been provided by an impedance-type temperature sensor.

[0051] As discussed above, this method can include various other
processes as identified by dashed boxes and lines in Fig. 6. As illustrated, after
receiving the input characteristic in process 202, the sensed operating
characteristic, such as a temperature or a pressure, can be determined, in
process 208. After determining the sensed operating characteristic, the type and
value of the synthesized characteristic that relates to or is associated with the
sensed operating characteristic, or at least the input characteristic Ciy, is

determined in process 210. From these, the pulse width signal S, is generated
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to synthesize the synthesized sensor the characterization and value at the output
106.

[0052] In some embodiments, one or more additional signals can be
received by the conversion circuit 108, wherein each includes a different input
characteristic provided by a different type of input device 112. For example, in a
thermocouple sensing application, the method can include receiving a
compensation signal Scomp from a cold junction compensation circuit 142 as
shown in process 212. As noted above, the method can include generating the
pulse width of the pulse width signal Syw as a function of, or in response to, the
received compensation signal Scomp. _

[0053] In some embodiments, the method can include receiving a
second input characteristic, as in process 214, from a second input sensor and -
generating the pulse width signal S, in process 204 having a pulse width that
varies in response to the received second input characteristic Ciq.

[0054] Similarly, a second value of the input characteristic Ciy can be
provided such that the pulse width signal Sy, generated in process 204 is varied
in response to the received second value of the input characteristic Cin. As a
result, a second output characteristic value Cour2 is provided at the output in
response to the second pulse width of process 206.

[0055] In other embodiments, a plurality of input characteristics Ci,
received with each input characteristic Ci, being associated with one of a plurality
of input devices 112. In this process, each of the input devices 112 is a different
type of input device and generating the pulse width signal includes generating a
pulse width that varies in response to two or more of the received input
characteristics Ci,.

[0056] In yet other embodiments, the pulse width signal S, is utilized
to generate a control signal Scon a@s in process 216. The control signal Scon is then
utilized to generate or provide the appropriate output characteristic Cou.

[0057] As addressed in more detail above, in some embodiments the
method can include generating a conversion feedback signal at the output, as in

process 218. In this case, the pulse width signal Sy, includes generating a pulse

20



WO 2007/136855 PCT/US2007/012181

width that varies in response to the conversion feedback signal FS¢qny in process
206. Similarly, in some embodiments, the method can include generating an
output control feedback signal at the output as in process 220. In this case, the
output characteristic Co is provided in process 206 in response to the Qutput
control feedback signal FSec.

[0058] Additionally, it should be noted that the method can also include
receiving the provided output characteristic and determining the operating
characteristic within the operational environment. For example, the operating
characteristic can be a temperature measured by a thermocouple. The input
characteristic provided by the thermocouple is a voltage of the thermocouple.
The device desired to be synthesized in an RTD that has a resistance that varies
in response to the temperature. The method receives the voltage from the
thermocouple and generates a pulse width signal that corresponds with the
impedance of the RTD, had the RTD sensed the operating temperature sensed
by the thermocouple. A temperature measurement instrument is adapted for
interfacing to the particular type of RTD is coupled to the adaptor circuit to
determine the provided output impedance provided by the adaptor circuit. The
temperature measurement instrument then determines or calculates the sensed
operating temperature in response to the determined impedance.

[0059] Referring now to Fig. 7, an operating environment for one or
more illustrated embodiments of the adaptor assemblies, adaptor circuits and
adaptor systems as described above can include a processing system 230
having a computer 232 that includes one or more high speed processors (such
as a central processor unit (CPU) 234, in conjunction with a memory 128
interconnected with at least one bus structure 236, an input component 238
interconnected by an input structure 240, and an output component 242
interconnected by at least one output structure 244.

[0060] The illustrated processor 234 is of familiar design such as with
many digital signal processors and can include an arithmetic logic unit (ALU) 246
for performing computations, a collection of registers 248 for temporary storage
of data and instructions, and a controller 250 for controliing operation of the
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computer 232. Any of a variety of processors, including at least those from Digital
Equipment, Sun, MIPS, Motorola/Freescale, NEC, Intel, Cyrix, AMD, Texas
Instruments, HP, and Nexgen, is equally preferred for the processor 234. The
illustrated embodiment operates on an operating system designed to be portable
to any of these processing platforms.

[0061] The memory 128 generally includes high-speed main memory
252 in the form of a medium such as random access memory (RAM) and read
only memory (ROM) semiconductor devices, and secondary storage 254 in the
form of long term storage mediums such as floppy disks, hard disks, tape, CD-
ROM, flash memory, and other devices that store data using electrical, magnetic,
optical or other recording media. The main memory 252 also can include video
display memory for displaying images through a display device. Those skilled in
the art will recognize that the memory 128 can comprise a variety of alternative
components having a variety of storage capacities and can be implemented with
the processor 234.

[0062] The input component 238 and output component 242 are also
familiar and can be implemented associated with the local and remote user
interfaces as well as a controller, remote -operational system and operations
system, by way of example. The input device 238 can comprise the input device
104, as well as a keyboard, a mouse, a physical transducer (e.g. a microphone),
etc. and is interconnected to the computer 232 via an input interface 240 of the
processor 234, the latter for programming and operation of the computer 232.
The output component 242 can include the output circuit 110 or can also include
a display, a printer, a transducer (e.g. a speaker), and be interconnected to the
computer 232 via an output interface 244. Some devices, such as a network
adapter or a modem, can be used as input and/or output components.

[0063] As is familiar to those skilled in the art, the computer system
230 further includes an operating s'ystem and at least one application program.
The operating system is the set of software which controls the computer system's
operation and the allocation of resources. The application program is the set of

software that performs a task desired by the user, using computer resources
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made available through the operating system. Both are resident in the illustrated
memory 128. As known to those skilled in the art, some of the methods,
processes, and/or functions described herein can be implemented as software
and stored on various types of computer readablé medium as computer
executable instructions. In various embodiments of the adaptor circuit or
assembly, the processor can include a robust operating and application program
having the computer executable instructions for controlling the controller and the
controlled devices. Additionally, it can include application software programs with
computer executable instructions including a thin client application for
communicating and interactively operating with one or more external devices by
way of example. A

[0064] In accordance with the practices'of persons skilled in the art of
computer programming, some embodiments as described herein with reference
to symbolic representations of operations are performed by the computer system
230. Such operations are sometimes referred to as being cdmputer-executed. it
will be appreciated that the operations which are symbolically represented
include the manipulation by the processor 234 of electrical signals representing
data bits and the maintenance of data bits at memory locations in the memory
128, as well as other processing of signals. The memory locations where data
bits are maintained are physical locations that have particular electrical,
magnetic, or optical properties corresponding to the data bits. The adaptor éircuit
can be implemented in a program or programs, comprising a series of
instructions stored on a computer-readable medium. The computer-readable
medium can be any of the devices, or a combination of the devices, described
above in connection with the memory 128.

[0065] It should be understood to those skilled in the art, that some
embodiments of systems or components described herein may have more or
fewer computer processing system components and still be within the scope of
the present disclosure.

[0066] When describing elements or features and/or embodiments

thereof, the articles "a", "an", "the", and "said" are intended to mean that there
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are one or more of the elements or features. The terms "comprising", "including"”,
and "having" are intended to be inclusive and mean that there may be additional
elements or features beyond those specifically described.

[0067] Those skilled in the art will recognize that various changes can
be made to the exemplary embodiments and implementations described above
without departing from the scope of the disclosure. Accordingly, all matter
contained in the above description or shown in the accompanying drawings
should be interpreted as illustrative and not in a limiting sense.

[0068] It is further to be understood that the processes or steps
described herein are not to be construed as necessarily requiring their
performance in the particular order discussed or illustrated. It is also to be

understood that additional or alternative processes or steps may be employed.
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CLAIMS
What is claimed is:

1. A temperature sensor adaptor assembly comprising:

a conversion circuit configured for receiving an input characteristic of an
input temperature sensor and generating a pulse width signal having a pulse
width that varies in response to the received input characteristic; and

an impedance circuit coupled to the conversion circuit for receiving the
pulse width signal, coupled to an output, and configured for providing an
impedance at the output responsive to the pulse width of the received pulse
width signal,

wherein the provided impedance at the output corresponds to an
impedance of a synthesized temperature sensor that is different from the input

temperature sensor.

2. The assembly of claim 1 wherein the input temperature sensor is a
thermocouple and the input characteristic is a voltage generated by the
thermocouple.

3. The assembly of claim 2 wherein the synthesized temperature

sensor is an impedance-based temperature sensor.

4. The assembly of claim 3 wherein the impedance-based
temperature sensor is selected from the group consisting of a resistance
temperature detector (RTD) and a thermistor.

5. The assembly of claim 2, further comprising a cold junction
compensation circuit coupled to the conversion circuit and configured for
generating a compensation signal, wherein the conversion circuit is configured
for generating the pulse width signal having a pulse width responsive to the

compensation signal.
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6. The assembly of claim 2 wherein conversion circuit is configured for
determining a temperature at a hot junction of the thermocouple in response to
the received input characteristic and for generating the pulse width signal having
a pulse width responsive to the determined temperature.

7. The assembly of claim 1 wherein the conversion circuit includes a
processor and a computer readable medium having computer executable

instructions configured for generating the pulse width signal.

8. The assembily of claim 1, further comprising a conversion feedback
circuit coupled to the output and to the conversion circuit and configured for
generating a conversion feedback signal from the output, wherein the conversion
circuit is configured for receiving the conversion feedback signal and for
generating the pulse width signal having a pulse width responsive to the
conversion feedback signal.

9. The assembly of claim 1 wherein the impedance circuit includes an
output control circuit configured for receiving the pulse width signal and
generating an output control signal,vand an impedance device configured for
receiving the output control signal and varying the impedance at the output in

response to the output control signal.

10. The assembly of claim 9 wherein the output control circuit includes
a circuit selected from the group consisting of an operational amplifier and a
linear filter, and is configured for generating a direct current voltage signal as the
output control signal.

11.  The assembly of claim 9 wherein the output control circuit is an

operational amplifier configured for receiving the pulse width signal at an
inverting input, further comprising an output control feedback circuit coupled to
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the output and to the output control circuit and configured for generating an
output control feedback signal from the output, wherein the operational amplifier
is configured for receiving the output control feedback signal at a non-inverting
input.

12. The assembly of claim 9 wherein the output control circuit includes
an integration circuit integrating the pulse width signal with at least one of a
reference signal and an output control feedback signal.

13. The assembly of claim 9 wherein the impedance device includes a
transistor having a gate for receiving the control signal and wherein the output
impedance is provided across a drain and a source of the transistor in response
to the gate receiving the control signal.

14. The assembly of claim 9, further comprising an output control
feedback circuit coupled to the output and to the output control circuit and
configured for generating an output control feedback signal from the output,
wherein the output control circuit is configured for generating the output control
signal responsive to the output control feedback signal.

156.  The assembly of claim 14, further comprising a conversion
feedback circuit coupled to the output and to the conversion circuit and
configured for generating a conversion feedback signal from the output, wherein
the conversion circuit is configured for receiving the conversion feedback signal
and generating the pulse width signal having a pulse width responsive to the

conversion feedback signal.

16. The assembly of claim 1 wherein the conversion circuit is
configured for determining a sensed temperature in response to the received
input characteristic and for generating the pulse width signal having a pulse width

responsive to the sensed temperature.
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17.  The assembly of claim 16 wherein the conversion circuit is
configured to generate the pulse width signal having a pulse width corresponding
to the impedance of the synthesized temperature sensor detecting the sensed

temperature.

18. The assembly of claim 1 wherein the conversion circuit is
configured for generating the pulse width signal having a substantially constant
pulse rate.

19.  The assembly of claim 1 wherein the conversion circuit is
configured for receiving a plurality of input characteristics, each received from
one of a plurality of input temperature sensors, and for generating the pulse width
signal having a pulse width responsive to two or more of the received input

characteristics.

20. The assembly of claim 19 wherein the conversion circuit is
configured for determining the impedance of the synthesized temperature sensor
in response to two or more of the input characteristics and for generating the
pulse width signal having a pulse width respohsive to the determined synthesized

impedance.
21. The assembly of claim 20 wherein the two or more input

characteristics are two or more voltages received from two or more different

types of thermocouples.
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22. A temperature sensor adaptor system comprising:

an input for receiving an electrical signal from a thermocouple;

an output for coupling to an input of a temperature measurement
instrument, the temperature measurement instrument being configured for
receiving an input from an impedance temperature sensor for determining a
sensed temperature; '

a processor coupled to the input for receiving the electrical signal, the
processor configured for generating a pulse width signal having a pulse width
that varies in response to the received electrical signal;

a control circuit coupled to the processor and configured for receiving the
pulse width signal and converting the pulse width signal into a control signal
responsive to the pulse width of the received pulse width signal; and

an impedance device coupled to the control circuit for receiving the control
signal and configured for providing an impedance at the output responsive to the
control signal, wherein the provided impedance corresponds to an impedance of

an impedance-based temperature sensor.

23. The system of claim 22, further comprising a cold junction
compensation circuit coupled to the processor and configured for generating a
compensation signal associated with a cold junction of the thermocouple, the
processor being configured for receiving the compensation signal and for
generating the pulse width signal having a pulse width that varies in response to
the compensation signal. '

24.  The system of claim 22, further comprising a computer readable
medium associated with the processor and having computer executable
instructions configured for determining a temperature associated with the
receiving electrical signal and generating the pulse width signal having a puise
width that varies in response to the determined temperature.
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25. The system of claim 22, further comprising an output control
feedback circuit coupled to the output and to the control circuit and configured for
generating an output control feedback signal from the output, wherein the control

signal is responsive to the output control feedback signal.

26. The system of claim 22, further comprising a conversion feedback
circuit coupled to the output and to the processor and configured for generating a
conversion feedback signal from the output, wherein the processor is configured
for generating the pulse width signal having a pulse width that varies in response

to the conversion feedback signal.
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27. A temperature sensor adaptor circuit comprising:

means for converting an input characteristic received at an input from a
temperature sensor configured for sensing a temperature into a pulse width
signal having a pulse width that varies in response to the received input
characteristic; and

means for providing an output characteristic at an output corresponding to
a characteristic of a synthesized temperature sensor and responsive to the pulse
width of the pulse width signal, said synthesized temperature sensor being
different from the input temperature sensor.

28. The circuit of claim 27, further comprising means for generating an
output control feedback signal from the output, wherein the means for providing
is responsive to the output control feedback signal.

29.  The circuit of claim 28, further comprising means for generating a
conversion feedback signal from the output, wherein the means for converting
includes means for generating the pulse width signal having a pulse width that
varies in response to the conversion feedback signal.

30. The circuit of claim 27, further comprising means fo?generating a
conversion feedback signal from the output, wherein the means for converting
includes means for generating the pulse width signal having a pulse width that
varies in response to the conversion feedback signal.

31.  The circuit of claim 27 wherein the means for converting includes
means for receiving a plurality of input characteristics from a plurality of input
sensors each configured for sensing an operating characteristic and means for
generating a pulse width signal having a pulse width that varies in response to

two or more of the received input characteristics.
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32. A method of sensing a temperature comprising:

receiving a voltage generated by a thermocouple sensing an operating
temperature;

generating a pulse width signal having a pulse width that varies in
response to the received voltage; and

providing an impedance at an output that varies in response to the pulse
width of the pulse width signal and that corresponds to an impedance of an

impedance-based temperature sensor sensing the operating temperature.

33. The method of claim 32, further comprising generating an output
control feedback signal from the output, wherein providing the output impedance
includes providing the impedance responsive to the output control feedback

signal.

34. The method of claim 32, further comprising generating a conversion
feedback signal from the output, wherein generating the pulse width signal
includes generating a pulse width that varies in response to the conversion
feedback signal.

35. The method of claim 32 wherein providing the output impedance
includes receiving the pulse width signal and generating a control signal
responsive to the pulse width of the received pulse width signal;

further comprising receiving the control signal at an impedance device
coupled to the output and configured for varying the impedance at the output in
response to the control signal.

36. The method of claim 35, further comprising receiving an output

reference signal associated with the output, wherein the generating the control

signatl includes integrating the pulse width signal with the output reference signal.

32



WO 2007/136855 PCT/US2007/012181

37. The method of claim 32, further comprising receiving a
compensation signal from a cold junction compensation circuit, wherein
generating the pulse width signal includes generating a pulse width of the pulse

width signal that varies in response to the received compensation signal.

38. The method of claim 32 wherein the received voltage has a first
voltage value, the pulse width has a first puise width, and the output impedance
has a first output impedance value, further comprising:

receiving the voltage having a second voltage value from the
thermocouple;

generating the pulse width signal having a second pulse width that varies
in response to the second voltage value; and

providing a second impedance at the output responsive to the second
puise width.

39. The method of claim 32, further comprising measuring the output
impedance and calculating the temperature in response to the measured output
impedance.

40. The method of claim 32 wherein receiving includes receiving a
plurality of voltages, each generated by one of a plurality of thermocouples and
wherein generating the pulse width signal includes generating a pulse width that

varies in response to two or more of the received voltages.

41. The method of claim 40 wherein two or more of the thermocouples
are of different thermocouple types.
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