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(57) Abstract: The invention pertains to flexible devices used for zero-heat-flux, deep tissue temperature measurement, especially
to disposable temperature measurement devices. Such a device is constituted of a flexible substrate with a plurality of contiguous
sections. An electrical circuit is disposed on a side of the substrate. The electrical circuit includes first and second thermal sensors
disposed, respectively, on first and second substrate sections. A heater trace is disposed on the first substrate section with the first
thermal sensor. The first and second sections are folded together to position the first and second thermal sensors there between,
and a flexible insulator disposed between the folded-together first and second sections maintains the first and second thermal sen-
sors in a spaced-apart relationship.
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FLEXIBLE DEEP TISSUE TEMPERATURE MEASUREMENT DEVICES
BACKGROUND

[0001] The subject matter relates to a device for use in the estimation of deep
tissue temperature (DTT), a temperature of human or animal tissue at some distance
beneath the skin. For example, the core temperature of a humah body can be
measured indirectly using a disposable temperature device placed on surface tissue
(such as skin). The temperature of the surface tissue is read as the core
temperature.

[0002] Noninvasive measurement of deep tissue temperature by means of a zero-
heat-flux device was described by Fox and Solman in 1971 (Fox RH, Solman AJ. A
new technique for monitoring the deep body temperature in man from the intact skin
surface. J. Physiol. Jan 1971:212(2): pp 8-10). The Fox/Solman system, illustrated in
FIG. 1, estimates body core temperature by indirect means using a specially
designed measurement device 10 that stops or blocks heat flow through a portion of
the skin. The.components of the device 10 are contained in a housing 11.. The device
10 includes two thermistors 20 mounted on either side of a thermal resistance 22.
The thermal resistance 22 maintains the thermistors in a spaced-apart arrangement
in which the thermistors are positioned on separate sides of the thermal resistance,
along a line that is generally perpendicular to a region of skin on a person’s body
where deep tissue temperature is to be measured. A heater 24 is disposed at the top
of the device 10, over the elements 20, 22, and 24. In use, the device 10 is placed on
the region of skin. With the bottom surface 26 of the device resting on the person’s
body, in contact with the region, the thermistors 20 measure a temperature
difference, or error signal, across the thermal resistance 22. The error signal is used
to drive a heater controller 30 comprising a transistor switch and a control circuit for
‘ opening and closing the switch. The controller 30 operates to minimize the error
signal by causing the heater 24 to provide just enough heat to equalize the
temperaturel on both sides of the ther.mal resistance 22. When the temperatures
sensed by the thermistors 20 are equal, there is no heat flow through the device, and
the temperature measured by the lower thermistor 20 by way of a temperature meter
circuit constituted of an amplifier 36 and ‘a temperature meter 38 is equivalent to
DTT. The device 10 essentially acts as a thermal insulator that blocks heat flow
through the thermal resistor 22; DTT measurement devices that operate in the same
manner are termed “zero heat flux” (“ZHF”) devices. Since the heater 24 operates to
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guard against loss of heat along the path of measurement through the device, it is

often referred to as a “guard heater”.

[0003] Togawa improved the Fox/Solman system with a DTT measurement
device structure that accounted for the strong influence of dermal blood flow on heat
transfer through the skin. (Togawa T. Non-Invasive Deep Body Temperature
Measurement. In: Rolfe P (ed) Non-Invasive Physiological Measurements. Vol. 1.
1979. Academic Press, London, pp. 261-277). The device, illustrated in FIG. 2,
encloses Fox and Solman’s ZHF design, which blocks heat flow normal to the body,
in a thick aluminum housing wifh a cylindrical annulus construction that also reduces
or eliminates radial heat flow from the center to the periphery of the device.

[0004] ' Fox/Solman and Togawa have shown that heat flux normal to the body is
- useful to control the operation of a heater that blocks héat flow through a thermal
resistance. This results in a construction that stacks components, which gives the
DTT measurement device a substantial vertical profile. The thermal mass added by
Togawa’s cover improves the stability of the Fox/Solman design. Basic engineering
for heat flux measurement would "suggest that a large thermal resistance in the
device makes the measurement more accurate, but it will also slow the transient
response rate. Since the goal is zero h.eat flux acrdss the device, the more thermal
resistance the better. However, additional thermal resistance adds mass and size,

and also increases the time required to reach a stable temperature.

[0005] Measurement of body core ‘temperature is desirable for many reasons. For
example, maintenance of core temperature in a normothermic range during a
perioperative cycle has been shown to reduce the incidence of surgical site infection;
and so it is beneficial to monitor a patient’s body core temperature before, during,
and after surgery. Of course noninvasive measurement is very desirable, for the
comfort and the safety of a patient. Deep tissue temperature measurement uSing a
measurement device supported on the skin provides an accurate and noninvasive
means for monitoring body core temperature. However, the size and mass and cost
of the Fox/Solman and Togawa devices do not promote disposability. Consequently,
they must be sanitized after each use, and stored for reuse. As a result, use of these
devices to measure deep tissue temperature may raise the costs associated with
DTT measurement and may increase the risk of cross contamination between
patients. It is therefore useful to reduce the size and mass of a DTT measurement
device, without sacrificing its performance, in order to promote disposability.
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SUMMARY

[0006] An object of an invention completed in respect of the problems described
above is to provide a disposable device with which deep tissue temperature can be
measured noninvasively, easily, and with minimal labor, length of time, and cost.

[0007] The object is achieved with a disposable temperature measurement device
constituted of a flexible substrate and an electrical circuit disposed on a surface of
the flexible substrate. The electrical circuit includes a heater trace having é pattern
surrounding a zone of the surface, a first thermal sensor disposed in the zone, a
second thermal sensor disposed outside of the heater trace, a plurality of electrical
pads disposed outside of the heater trace, and a pI'uraIity of conductive traces
connecting the first and second thermal sensors and the heater trace with the
plurality of electrical pads. Sections of the flexible substrate are folded together to

_place the first and second thermal sensors in proximity.

[p008] The iemperature measurement device preferably includes a layer of
flexible insulation disposed between the folded-together sections and separating the

first and second thermal sensors

[0009] In a preferred embodiment, a pattern of 'slits in the flexible substrate
defines a plurality of heater zones occupied by the heater trace. Preferably, each

heater zone is flexible independently of any other heater zone.

[0010] The object is also achieved with a disposable temperature measurement
device constituted of a flexible substrate having first and second sides. The flexible
substrate includes a circular center section and a tab and a tail extending from the
center section in respective radial directions. A first thermal sensor is disposed.on a
first substrate side, substantially at the center of the center sectidn, and a heater
trace is disposed on the first substrate side, in the center section, around the first
thermal sensor. A second thermal sensor is disposed on the first side, in the tail. The
center section and the tail are folded together to place the first and second thermal
sensors in proximity to each other, and a layer of flexible insulation disposed
between the folded-together center section and tail maintains the first and second
thermal sensors in a.spaced-apart relationship. |

[0011] A p|uraiity of electrical pads is disposed on the first substrate side, in the
tab, and a plurality of traces is disposed on the first side to connect the first and
second thermal sensors and the heater trace with the plurality of electrical pads.
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[0012] The object is also achieved with a method of temperature device
manufacture that includes fabricating an electrical circuit on a first side of a flexible
substrate with a center section, a tab extending from the center section, and a tail
extending from the center section. The electrical circuit includes a first thermal sensor
disposed on the first side, in the center section, a heater trace disposed on the first
side, in the center section, around the first thermal sensor, a second thermal sensor
disposed on the first side, in the tail, a plurality of electrical pads disposed on the first
side, in the tab, and a plurality of traces disposed on the first side and connecting the
first and second thermal sensors and the heater trace with the plurality of electrical
pads. A flexible heater insulating layer is attached to the second sidé, over the center
section, and a flexible central insulating layer is attached to the first side, over the
center section. The tail is folded over the central insulating layer such that the first
and second thermal sensors are maintained in a spaced relationship by the central
insulating layer. A release liner is attached to the central insulatihg layer, over at least

the central insulating layer.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1 is a schematic block diagram of a first prior art deep tissue
temperature measurement system including a ZHF deep tissue temperature

measurement device.

[0014] FIG. 2 is a schematic side sectional diagram of a second prior art deep
tissue temperature measurement system including a ZHF deep tissue temperature

measurement device with an aluminum cap.

[0015] FIG. 3 is a plan view of a side of a fiexible substrate showing an electrical
circuit disposed on a surface of the substrate for temperature measurement.

[0016] FIG. 4 is a side sectional view of a temperature device that incorporates
the electrical circuit of FIG. 3.

[0017] FIG. 5 is an explbded assembly view, in perspective, éhowing elements of
the temperature device of FIG. 4.

' [0018] FIGS. 6A-6F illustrate a method of temperature device manufacture based
on the temperature device of FIGS. 4 and 5.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] It is desirable that zero heat flux, deep tissue temperature measurement
device constructions be disposable. Thus the constructions should be easy and
inexpensive to fabricate and assemble, have a low mass and a low profile, and
comprise inexpensive materials and parts. It is particularly desirable that disposable
DTT measurement device constructions be assembled from low-profile, light weight,
flexible assemblies that enable zero heat flux temperature measurement at various
locations on a human or animal body.

[0020] A temperature device for zero heat flux deep tissue temperature
measurement includes a flexible substrate with at least two thermal sensors disposed
in a spaced-apart relationship and séparated by one or more flexible layers of
thermally insulating material. Preferably the sensors are maintained in a spaced
apart relationship by a flexible thermal (and electrical) insulator. The substrate
supports at least the thermal sensors, the separating thermal insulator, and a heater.

[0021]  Although temperature device constructions are described in terms of
preferred embodiments comprising representative elements, the embodiments are
merely illustrative. It is possible that other embodiments will include more elements,
or fewer, than described. It is also possible that some of the described elements will
be deleted, and/or other elements that are not described will be added. Further,
elements may be combined with other elements, and/or partitioned into additional
elements. |

[0022] A layout of an electrical circuit for a temperature measurement device is
illustrated in FIG. 3. The electrical circuit is disposed on a flexible substrate in order
to adapt or conform the physical configuration of the temperature measurement
device to differing contours encountered at different temperature measurement
locations. Preferably, but not necessarily, the flexible substrate is constructed or
fabricated to have a plurality of contiguous sections. For example, the flexible
substrate 100 has three contiguous sections 102, 104, and 106. The first, or center,
section 102 is substantially circular in shape. The second section (or “tail’) 104 has
the shape of a narrow, elongate rectangle that extends in a first radial direction from
the periphery of the first section 102. Where the center section and the tail join at
105, the periphery of the center section has a straight portion and the width of the tail
is reduced. The third, or tab, section 106 has the shape of a broad, elongate
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rectangle that extends in a second radial direction from the periphery of the center
section 102. Preferably, the tail and tab are aligned along a diameter of the center
section.

[0023] As per FIG. 3, the elements of the electronic circuit are disposed on a
single surface, on a first side 108 of the flexible substrate. A first thermal sensor 120
is positioned inside the outer perimeter of the center section 102, preferably, near or
at the center of the center section 102. An electrically conductive heater trace 122
defines a heater with a shape that surrounds or encircles a zone 121 in which the
first thermal sensor 120 is located. In the preferred embodiment illustrated in FIG. 3,
the heater trace has an annular shape that includes a circular array of wedge-shaped
heater zones 124 that surround or encircle the zone 121 and the first thermal sensor
120 which is disposed in the zone. A second thermal sensor 126 is positioned on the
tail 104. A plurality of electrical connection pads 130 is located in the tab 106. The
heater trace includes two electrically conductive trace sections that terminate in the
connection pads 130a and 130b. Two e'IectricaIIy conductive traces extend between
mounting pads on which the first' thermal sensor 120 is mounted and the cdnnection
pads 130c and 130d. Two additional electrically conductive traces extend between
mounting pads on which the second thermal sensor 126 is mounted and the
connection pads 130e and 130f. o

[0024] . In the specific layout shown of the preferred embodiment shown in FIG. 3,
the path of the heater trace 122 crosses the paths of the two traces for the second
thermal sensor 126. In this case, the continuity of the heater trace is preferably, but
not necessarily, maintained by an electrically conductive zero-ohm jumper 132 which
crosses, and is electrically isolated from, the two traces for the secbnd thermal
sensor 126. In other embodiments, the continuity of the heater trace 122 can also be
maintained by vias to the second side of the flexible substrate, by running the thermal
sensor traces around the periphery of the first side of the flexible substrate, by a
jumper wire instead of the zero-ohm resistor, or by any equivalent solution. .

[0025] The flexibility or conformability of the flexible substrate can be enhanced
by a plurality of slits 133 that define zones which move or flex independently of each
other. In the preferred embodiment, the slits 133 are made in the center section 102
in a pattern that follows or accommodates the layout of the heater trace 122. The
pattern at least partially separates the heater zones 124 so as to allow any one of the
heater zones 124 to move independently of any other heater zone. The preferred

6
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pattern of slits is a radial pattern in that each slit is made along a respective radius of
the circular center section 102, between adjacent heater zones, and extends along
the radius from the periphery of the center section 102 toward the center of the
circular shape of the section. This is not meant to exclude other possible slit
configurations determined by the different shapes of the heater trace layout and the
flexible substrate sections.

[0026] Sections of the flexible substrate are brought or foided together about an -
insulator to provide thermal resistance between the first and second thermal sensors
120 and 126 in a configuration that is preferred for ZHF .temperature measurement.
For example, at least the center and tail sections 102 and 104 of the flexible
substrate are brought or folded together about a flexible insulator. Preferably; the first
and second thermal sensors 120 and 126 are thereby disposed on respective sides
of a thermal insulator. In this regard, with reference to FIGS. 3 and 4, the center
section 102 and tail 104 are folded together about a flexible Iayer‘of insulating
material 140. The layer 140 provides thermal and electrical resistance between the
thermal sensors; it also supports the thermal sensors in a spaced'-apart

configuration.

[0027] A flexible temperature measurement device construction includes an
electrical circuit laid out on a side of a flexible substrate as shown in FIG. 3. With two
sections of the flexible substrate brought or folded togethef so as to sandwich a
flexible insulator, the construction has a multilayer structure as best seen in FIG. 4.
Thus, a temperature measurement device 200 includes the electrical circuit laid out
on the surface of the firét side 108 of the flexible substrate 100. The central and tail
sections 102 and 104 are brought or folded together about the erxibIe insulating
layer 140 so as to provide a thermal resistance between the first and second thermal
sensors 120 and 126. The flexible insulatingllayer also maintains the first and second
thermal sensors disposed in a spaced relationship. Preferably, but not necessarily,
the second thermal sensor 126 is aligned with the first thermal sensor a line 202
which passes fhrough the zone 121 that is surrounded by the heater trace (seen in
FIG. 3). The temperature measurement device further includes a flexible -heater
insulator 208 attached to a second side 109 of the substrate 100, over the center
section 102.

[0028] The layout of the electrical circuit illustrated in FIG. 3 locates all of the
circuit components on a single surface on one side of the flexible substrate 100. This
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layout confers several advantages. First, it requires only a single fabrication
sequence to lay down traces for the heater, the thermal sensors, and the connection
pads, thereby simplifying manufacture of the device. Second, when the sections
carrying the thermal sensors are folded together, the thermal sensors are maintained
within a thermally and mechanically controlled environment.

[0029] Another benefit of the preferred layout shown in FIG. 3 is that the first
thermal sensor 120 is physically removed from the heater, in a zone 121 of zero
vertical heat flux that is surrounded or encircled by the heater trace 122, and not
stacked under it as in the Fox/Solman and Togawa systems. When the temperature
measurement device is activated, the heater is turned on and the heat produced
thereby travels generally vertically from the heater to the patient, but only medially to
. the first thermal sensor. As a result, the jump in temperature that occurs when the
heater is activated is not immediately sensed by the first thermal sensor, which
‘ improves stability of the temperature measurement without requiring an increase in
thermal mass of the temperature measurement device. Thus, the first temperature
senéor 120 is preferably located in the same plane, or on the same surface, as the
heater trace 122 (and can even be elevated slightly above the heater trace), and
substantially in or in alignment with the region 121 of zero heat flux. |

-[0030] It is desirable that the temperature measurement device support a
pluggable interface for convenience and for modularity of a patient vital signs
monitdring system. In this regard, and with reference to FIGS. 3 and 4, the tab 106 is
configured with the array of pads 130 so as to be able to slide into and out of
-connection with a plug. In order to provide a physically robust structure capable of
maihtaining its shape while being connected and disconnected,' the tab 106 is
optionally stiffened. In this regard,. a flexible stiffener 204 is disposed on the second
side 109 of the flexible substrate 100. The stiffener extends substantially
coextensively with the tab 106 and partially over the center section 102, at least to
the location of the first thermal sensor 120. As best seen in FIG. 4, the stiffener 204
is disposed between the second side 109 of the flexible substrate 100 and the
flexible insulator 208. A key to align the tab 106 with an electrical connector (not
shown) and to retain the connector on the tab may be provided on the device 200.
For example, with reference to FIG. 5, such a key includes an opening 209 through
the stiffener and tab. In operation, the opening 209 would receive and retain a
retractable, spring-loaded pawl! on the casing of a plug.
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[0031] The temperature measurement device 200 is mounted on a region of skin
where temperature is to be measured with the second thermal sensor 126 closest to
the skin. As seen in FIG. 4, a layer of adhesive 222 is disposed on the second side
109, on the layer of insulation 140 and the portion of the tail 104 where the second
sensor 126 is located. A release liner (not shown in this figure) may be peeled from
the layer of adhesive 222 to prepare the device 200 for attachment to the skin. When
deployed as shown in FIG. 4, a pluggable signal interface between the electrical
circuit on the device 200 and a temperature measurement system is provided
through the plurality of electrical connection pads 130 located in the tab 106. The
signals transferred therethrough would include at least heater activation and thermal
sensor signals.

[0032] Use of an electrical circuit on a flexible substrate greatly simplifieé the
construction of a disposablle temperature device for estimating deep tissue
temperature, and substantially reduces the time and cost of manufacturing such a
device. In this regard, manufacture of a temperature measurement device
incorporating an electricél circuit laid out on a side of the flexible substrate 100 with
the circuit elements illustrated in FIG. 3 may be understood with reference to FIGS. 5
and 6A-6F. Although a manufacturing method is described in terms of specificélly
numbered steps, it is possible to vary the sequence of the steps while achieving the
same result. For various reasons, some of the s}eps may include more operations, or
fewer, than described. For the same or additional reasons, some of the described
steps rﬁay be deleted, and/or other steps that are not described may be added.
Further, steps may be combined with other steps, and/or partitioned into additional
steps. '

[0033] In FIG. 6A, the traces and pads for an electrical circuit are fabricated on a
first side 108 of a flexible substrate 100 with a center section 102, a tail 104
extending from the center section, and a tab 106 extending from the center section.
The electronic elements (first and second thermal sensors) are mounted to the traces
to complete an electrical circuit (which is omitted from these figures for convenience)
including the elements of FIG. 3, laid out as shown in that figure. If used, the pattern
of slits 133 separating the heater zones may be made in the center section in this
manufacturing step.

[0034] As per FIG. 6B, in a second manufacturing step, a stiffener 204 is
laminated to a second side of the flexible substrate. As best seen in FIG. 5, the

9
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stiffener has a portion shaped identically to the tab and narrows to an elongated
portion with a circular tip. When laminated to the second side 109, the stiffener
substantially extends over the tab and partially over the center section, beneath the
zone 121 where the first thermal sensor is located. Preferably, an adhesive film (not
seen) attaches the stiffener to the second side of the flexible substrate,

[0035] As per FIG. 6C, in a third manufacturing step, a flexible layer 208 of
insulating material is attached by adhesive or equivalent to the first side of the flexible
substrate, over substantially all of the center section and at least a portion of the
étiffener. This layer is provided to insulate the heater from the ambient environment.
As best seen in FIG. .5, this flexible layer may include a truncated tab 210 that
provides additional reinforcement to a pluggable connection between the tab 106 and
a system plug. '

[0036] As per FIG. 6D, in a fourth manufacturing step, a flexible central layer of
insulating material 140 is attached to the first side 108, over the center section, to ‘
cover the heater trace and the first thermal sensor. As best seen in FIG. 5, this
flexible layer may also include a truncated tab 141 that provides additional
reinforcement to a pluggable connection between the tab and a system plug.

[0037] As per FIG. 6E, in a fifth manufacturing step, the tail 104 is folded over the
central layer of insulating material 140 such that the first and second thermal sensors
are maintained by the central layer in the preferred spaéed relationship.

[0038] As per FIG. 6F, in a sixth manufacturing step, a layer of adhesive with a
release liner 226 is attached to the central insulating layer, over the central insulating
layer with the tail folded thereto. As best seen in FIG. 5, the release liner 226 may
have a shape that corresponds to the central section 102 and tab 106.

[0039] In a best mode of practice, a temperature.measurement device according
to this specification has been fabricated using the materials and parts listed in the
following table. An electrical circuit with copper traces and pads conforming to FIG. 3
was formed on a flexible substrate of polyimide film by a conventional photo-etching
technique and thermal sensors were mounted using a conventional surface mount
technique. The dimensions in the table are thicknesses, except that @ signifies
diameter. Of course, these materials and dimensions are only illustrative .and in no
way limit the scope of this specification. For example, traces may be made wholly or
partly with electrically conductive ink.

10
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Table of Materials and Parts -

Element Material Representative dimensions

Flexible substrate | Kapton® film with deposited and Substrate 100: 0.05mm
photo-etched copper traces and pads '

Thermal sensors NTC thermistors, Part # R603-103F-
3435-C, Redfish Sensors

Flexible insulating | Closed cell polyethylene foam with Insulator 208: @50 x 1.5mm

layers skinned major surfaces coated with Insulator 140: @50 x 3.0mm
pressure sensitive adhesive (PSA)

Stiffener Polyethylene terephthalate (PET) Stiffener 204: 0.25mm

[0040] Although principles of temperature device construction and manufacture
have been described with reference to presently preferred embodiménts, it should be
understood that various modifications can be made without departing from the spirit
of the described principles. Accordingly, the principles are limited only by the

following claims.

11
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CLAIMS

1. A temperature device, comprising:

a flexible substrate; and,

an electrical circuit on a surface of the flexible substrate, the electrical circuit
including an annular heater trace surrounding a zone of the surface, a first thermal
sensor disposed in the zone, a second thermal sensor disposed outside of the
annular heater trace, a plurality of electrical pads disposed outside of the annular
heater trace', and a plurality of conductive traces connecting the first and second
thermal sensors and the heater trace with the blurality of electrical pads.

2. The temperature device of claim 1, in which sections of the flexible substrate are
folded together to place the first and second thermal sensors in proximity to one
another, between the sections.

3. The temperature device of claim 2, further including a layer of flexible insulation
disposed between the folded-together sections and separating the first and second

thermal sensors.

4. A temperature device, comprising:

a flexible substrate;

a first thermal sensor disposed on a first section of the substrate;

a heater trace disposed on the first section with the first thermal sensor;

a sécond thermal sensor disposed on a second section of the substrate;

a plurality of electrical pads disposed on a third section of the substrate;

a plurality of traces on the flexible substrate connecting the first and second
thermal sensors and the heater trace with the plurality of electrical pads;

the first and second sections disposed in a folded-together configuration in
which the first and second thermal sensors are positioned in a.spaced apart
relationship; and, ‘

a flexible insulator disposed between the first and second thermal sensors.

12
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5. The temperature device of claim 4, wherein the first and second thermal sensors
and the heater trace are disposed on a first side of the flexible substrate, the
temperature device further comprising a flexible insulator disposed on a second side
of the flexible substrate, over the first section.

6. The temperature device of claim 5,'furthervcomprising a flexible stiffener disposed
on the second side of the flexible substrate, substantially coextensively with the third

section.

7. The temperature device of claim 6, further comprising an electrical connector
alignment key on the third section.

8. The temperature device of claim 4, further comprising a pattern of slits in the first

section.

9. The temperature device of claim 8, wherein the pattern of slits defines a plurality of
heater zones occupied by the heater trace.

10. The temperature device of claim 9, wherein the heater zones are wedge shaped.

11. The temperature device of claim 9, wherein each heater zone is flexible
independently of any other heater zone.

12. The temperature device of claim 11, further comprising a reduced width of the
second section where the first and second sections are joined.

13. The temperature device of claim 4, further comprising a reduced width of the
second section where the first and second sections are joined.
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14. A temperature device, comprising:

a flexible substrate having first and second sides;

the flexible substrate including a circular center section, a tab contiguous with
the center section and extending from the center section in a first radial direction, and
a tail contiguous with the center section and extending from the center section in a
second radial direction; '

a first thermal sensor disposed on the first side, substantially at the center of
the center section;

a heater trace disposed on the first side, in the center section, around the first
thermal sensor; _

a second thermal sensor disposed on the first side, in the tail;

a plurality of electrical pads disposed on the first side, in the tab;

a plurality of traces disposed on the first side and connecting the first and
second thermél sensors and the heater trace with the plurality of electrical pads;

the center section and the tail folded together to position the first and second
thermal sensors in a spaced-apart relationship; and,

a layer of flexible insulation- disposed between the folded-together center
section and tail.

15. The temperature device of claim 14, further comprising a flexible stiffening layer
attached to the second side and coextensive with the tab and a portion of the center
section. ' ‘ ' ‘

16. The temperature device of claim 15, further comprising a layer of flexible -
insulation coextensive with the center section and attached to the second side and a
portion of the stiffening layer.

17. The temperature device of claim 14, further comprising an electrical connector
alignment key on the tab.

18. The temperature device of claim 14, further comprising a pattern of slits in the
center section within which the heater trace is disposed.

19. The temperature device of claim 18, wherein the pattern of slits and the heater
trace define a multi-zone heater.

14
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20. The temperature device of claim 19, wherein the multi-zone heater includes a
plurality of wedge shaped zones.

21. The temperature device of claim 19, wherein each zone is flexible independently
of any other zone.

22. The temperature device of claim 14, further comprising a reduced width of the tail
where the tail joins the center section.

23. The temperature device of claim 14, further comprising a reduced width of the tail
where the center section and tail are folded together. '

24. A method of temperature device manufacture, comprising:

fabricating an electrical circuit on a first side of a flexible substrate with a
center section, a tab extending from the center section, and a tail extending from the
center section, the electrical circuit including a first thermal sensor disposed on the
first side, in the center section, a heater trace disposed on the first side, in the center
section, around the first thermal sensor, a second thermal sensor disposed on the
first side, in the tail, a plurality of electrical pads disposed on the first side, in the tab,
and a plurality of traces disposed on the first side and connecting the first and second
thermal sensors and the heater trace with the plurality of electrical pads; and then,

attaching a flexible heater insulating layer to the second side, over the center
section;

attaching a flexible central insulating layer to the first side, over the center
section;

folding the tail over the central insulating layer; and,

attaching a layer of adhesive with a release liner to the central insulating
layer, over the central insulating layer and the tail.

25. The method of claim 24, further comprising:
forming the heater trace in a plurality of heater zones; and
forming a pattern of slits in the center section, each slit separating one heater
zone from an adjacent heater zone.
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26. The method of claim 25, further comprising, attaching a flexible stiffening layer
to the second side, coextensively with the tab and a portion of the center section,
followed by attaching the flexible heater insulating layer to the second side, over the
center section and a portion of the stiffening layer.
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