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VACUUM APPARATUS TEMPERATURE SENSOR ASSEMBLY

FIELD OF THE INVENTION

The field of the invention relates to a vacuum apparatus temperature sensor

assembly for measuring the temperature of a vacuum apparatus and a method.

BACKGROUND

Temperature sensors assemblies are known. The temperature sensors can be

used to measure the temperature of a variety of different items, equipment or

apparatus.

Although such temperature sensors exist, their use can have unexpected
consequences, particularly where the temperature of the items, equipment or
apparatus is important to be measured accurately to provide for accurate and

reliable temperature control.

Accordingly, it is desired to provide an improved temperature sensor assembly.

SUMMARY

According to afirst aspect, there is provided a vacuum apparatus temperature
sensor assembly, comprising: a sheet substrate configured to conform to a shape
of an item, equipment or apparatus whose temperature is to be determined; and
a temperature sensor thermally coupled with the sheet substrate, wherein the
sheet substrate is configured to provide a thermal path from the vacuum

apparatus to the temperature sensor.

The first aspect recognizes that a problem with existing temperature sensor

arrangements is that the temperature reported by those arrangements can be
unreliable since the temperature measured by the temperature sensor can be
highly dependent on its positioning. Accordingly, a temperature sensor assembly
is provided. The assembly may comprise a substrate. The substrate may be a

sheet substrate. The substrate may be configured, arranged or adapted to
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shape, conform or comply with the shape of an apparatus having a temperature
to be determined. The apparatus may be a vacuum apparatus. The assembly
may comprise a temperature sensor. The sensor may be thermally coupled with
or attached to the substrate. The substrate may provide a thermal path from the
apparatus to the sensor. In this way, the substrate provides a larger area than
that of the temperature sensor to couple with the apparatus which enables the
average temperature of the apparatus to be more reliably and accurately
conveyed to the temperature sensor and make the temperature measurements
less reliant on the exact placing of the temperature sensor with respect to the

apparatus.

The sheet substrate may be configured to conform with an external surface of the
vacuum apparatus. In other words, the sheet substrate may wrap around the
outside of the apparatus to provide thermal path across the sheet substrate and

the vacuum apparatus.

The sheet substrate may be pliable to conform with the external surface of the
vacuum apparatus. This helps to not only provide close contact between the
sheet substrate and the vacuum apparatus to facilitate heat transfer, but also

helps to hold the seat sheet substrate in place.

The sheet substrate may be a planar sheet.

The sheet substrate may have a length which is longer than its width.

The sheet substrate may have a width which is greater than a distance between
heater elements of the vacuum apparatus. By making the width greater than this
distance, it can be ensured that the sheet substrate will always overlie a heater

element.

The sheet substrate may have a length which is greater than a length of the

external surface of the vacuum apparatus.
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The sheet substrate may have a length which provides for a plurality of turns
around the vacuum apparatus. This again helps to improve the retention of the

sheet substrate on the vacuum apparatus.

The sheet substrate may be configured to provide a greater thermal conductivity
across the surface than between the plurality of turns. Hence, the main
transmission path for heat is over the surface of the substrate rather than

between the layers of the turns.

The sheet substrate may have a thermal conductivity which reduces a
temperature variation across a surface of the sheet surface compared to a
temperature variation across a surface of the vacuum apparatus. Accordingly,
the sheet substrate may help to average the temperature differences across
different parts of the vacuum apparatus to provide a more reliable temperature

reading.

The sheet substrate may have a thermal mass which is lower than a thermal
mass of the vacuum apparatus. This enables the sheet substrate to heat or cool
more quickly than the vacuum apparatus and so respond to changes in

temperature at least as quickly as the vacuum apparatus.

The sheet substrate may be interposed between the temperature sensor and the

vacuum apparatus.

The temperature sensor may overlie the sheet substrate.

The sheet substrate may have a thermal conductivity which is greater than a
thermal conductivity of the vacuum apparatus. This enables the sheet substrate
to heat or cool more quickly than the vacuum apparatus and so respond to

changes in temperature at least as quickly as the vacuum apparatus.
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The sheet substrate may have a thermal conductivity which is greater than 8
W:m-1-K-1.

The sheet substrate may be metallic and/or carbon and/or graphene.

The sheet substrate may comprise an insulating layer. Providing an insulating
layer helps to reduce the effects of external temperature variations on the

temperature experienced by the temperature sensor.

The sheet insulating layer may be disposed on the sheet substrate. Accordingly,
the sheet insulating layer may be formed as part of one layer of the sheet

substrate.

The assembly may comprise an outer insulating layer overlying the sheet

substrate and the temperature sensor.

According to a second aspect, there is provided a method, comprising:
conforming a sheet substrate to a shape of a vacuum apparatus whose
temperature is to be determined; and thermally coupling a temperature sensor
with the sheet substrate to provide a thermal path from the vacuum apparatus to

the temperature sensor.

The method may comprise conforming the sheet substrate to an external surface

of the vacuum apparatus.

The method may comprise configuring the sheet substrate to be pliable to

conform to an external surface of the vacuum apparatus

The method may comprise configuring the sheet substrate as a planar sheet.

The method may comprise configuring the sheet substrate to have a length which

is longer than its width.
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The method may comprise configuring the sheet substrate to have a width which

is greater than a distance between heater elements of the vacuum apparatus.

The method may comprise configuring the sheet substrate to have a length which

is greater than a length of the external surface of the vacuum apparatus.

The method may comprise configuring the sheet substrate to have a length which

provides for a plurality of turns around the vacuum apparatus.

The method may comprise configuring the sheet substrate to provide a greater

thermal conductivity across its surface than between the plurality of turns.

The method may comprise configuring the sheet substrate to have a thermal
conductivity which reduces a temperature variation across a surface of the sheet
surface compared to a temperature variation across a surface of the vacuum

apparatus.

The method may comprise configuring the sheet substrate to have a thermal

mass which is lower than a thermal mass of the vacuum apparatus.

The method may comprise interposing the sheet substrate between the

temperature sensor and the vacuum apparatus.

The method may comprise overlying the temperature sensor over the sheet

substrate.

The method may comprise configuring the sheet substrate to have a thermal
conductivity which is greater than a thermal conductivity of the vacuum

apparatus.
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The method may comprise configuring the sheet substrate to have a thermal

conductivity which is greater than 8 W-m-1-K-1.

The method may comprise configuring the sheet substrate to be at least one of

metallic and carbon, preferably graphene.

The method may comprise configuring the sheet substrate to comprise an

insulating layer.

The method may comprise disposing a sheet insulating layer on the sheet

substrate.

The method may comprise overyling the sheet substrate and the temperature

sensor with an outer insulating layer.

Further particular and preferred aspects are set out in the accompanying
independent and dependent claims. Features of the dependent claims may be
combined with features of the independent claims as appropriate, and in

combinations other than those explicitly set out in the claims.

Where an apparatus feature is described as being operable to provide a function,
it will be appreciated that this includes an apparatus feature which provides that

function or which is adapted or configured to provide that function.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described further, with

reference to the accompanying drawings, in which:
Figures 1A and 1B illustrate a temperature sensor assembly according to one

embodiment.
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DESCRIPTION OF THE EMBODIMENTS

Before discussing the embodiments in any more detail, first an overview will be

provided. Embodiments provide a temperature sensor suited to providing reliable,
accurate and consistent temperature readings of an apparatus, such as a conduit
coupled with an abatement apparatus or a vacuum pump. The sensor has a
substrate which is reshapeable to intimately fit the shape of the vacuum
apparatus and which provides a thermal path to a temperature sensor which
measures the temperature of the vacuum apparatus or a portion thereof. The
substrate is typically formed of a sheet which may be wrapped around or fitted
against the vacuum apparatus or portion thereof and is typically dimensioned to
wrap multiple times around the vacuum apparatus or portion thereof. The sheet
is also typically dimensioned to be wide enough to reliably contact any local
heating or cooling device on the vacuum apparatus in order to reduce
temperature variations that may otherwise occur from the placement of the
temperature sensor at different locations with respect to that local heating or

cooling device.

Temperature Sensor Assembly

Figures 1A and 1B illustrate a temperature sensor assembly 10 according to one
embodiment. Figure 1A is a plan view and Figure 1B is a side view. The
temperature sensor assembly 10 comprises a conductive sheet 20 and a

temperature sensor 30 such as a thermistor, thermocouple or the like.

The temperature sensor 30 is connected to a device (not shown) which receives
signals indicative of the temperature measured by the temperature sensor 30 by
way of one or more wires 40. The temperature sensor 30 is typically bonded
using a thermal bond to a first surface 50 of the conductive sheet 20 to enhance
thermal coupling between the conductive sheet 20 and the temperature sensor
30. However, the temperature sensor 30 may also be simply placed on the
conductive sheet 20 and held in place by wrapping the conductive sheet 20 or by

an insulating layer 70.
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The conductive sheet 20 has an overall length L and an overall width W, with the
length L generally being longer than the width W. In this example, the
temperature sensor 30 is positioned midway along the width W but towards one
end of the length L of the conductive sheet 20. The conductive sheet 20 is made
of a material which is pliable, valuable or conformable to the external surface of
the vacuum apparatus 80 to which it is applied. Also, the conductive sheet 20 is
made of a material which has a greater thermal conductivity and/or a lower
thermal mass than that of the vacuum apparatus 80 to which it is applied. This
helps to ensure that the temperature of the conductive sheet 20 changes no
slower than that of the vacuum apparatus 80 to which it is applied. Typically, the
conductive sheet 20 is made of a metallic (such as aluminium or copper) or a
carbon material (such as graphene). Although in this example the conductive
sheet 20 is rectangular, it will be appreciated that this need not be the case and
that any suitable shape can be provided to suit the vacuum apparatus to which it
is being applied such as circular, oval, an irregular shape or even a shape which
has voids or openings to allow protrusions from the vacuum apparatus to which it

is applied to pass through.

In this example, the temperature sensor assembly 10 is configured to be applied
to the vacuum apparatus 80 (in this example, a pipe) which is heated by means
of a heater coil 90 which defines a helix along the cylindrical surface of the
vacuum apparatus 80. However, it will be appreciated that the temperature
sensor assembly 10 can be configured to be applied to other apparatus whose
temperature is to be measured. The length L is configured to be greater than the
circumference of the vacuum apparatus 80. Typically, the length L is set as
many multiples of the circumference in order to provide multiple turns of the
conductive sheet 20 around the vacuum apparatus 80. Even though the multiple
turns may be in contact, the main thermal path is along the conductive sheet 20,
rather than between adjacent turns of the conductive sheet 20. The width Wiis
selected to be no smaller than a distance D between turns of the heater 90. This
helps to ensure that no matter where the conductive sheet 20 is placed along the

axial length of the vacuum apparatus 80, the conductive sheet 20 will always
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overlay at least one of the turns of the heater 90. This arrangement helps
provide an accurate averaged temperature reading which is less susceptible to
local temperature variations experienced by the vacuum apparatus 80. The
insulating layer 70 (such as a polymer) is optionally provided and this either is
applied after the conductive sheet 20 has been applied to the vacuum apparatus
80 or may be already bonded to the conductive sheet 20 prior to it being applied

to the vacuum apparatus 80.

In operation, a conductive sheet 20 with a suitable shape and dimension to be
applied to the vacuum apparatus 80 is provided, to which the temperature sensor
30 is thermally coupled and to which the wires 40 are attached. The conductive
sheet 20 is wrapped around the vacuum apparatus 80 with a second surface 60
contacting the vacuum apparatus 80; in this example it is wrapped around for a
number of turns. The width W of the conductive sheet 20 is wider than the
distance D between the turns of the heater 90 and so the conductive sheet 20 will
overlie at least one of the turns of the heater 90. The insulating layer 70 is then

wrapped around the exposed first surface 50 of the conductive sheet 20.

As the temperature of the heater 90 changes, the high thermal conductivity and
low thermal mass of the conductive sheet 20, together with the insulating effect of
the insulation layer 70, allows the change in temperature to be rapidly conveyed
through the conductive sheet 20 to the temperature sensor 30 and the

temperature is then indicated by signals passing over the wires 40.

Although illustrative embodiments of the invention have been disclosed in detail
herein, with reference to the accompanying drawings, it is understood that the
invention is not limited to the precise embodiment and that various changes and
modifications can be effected therein by one skilled in the art without departing
from the scope of the invention as defined by the appended claims and their

equivalents.
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CLAIMS

1. A vacuum apparatus temperature sensor assembly, comprising:

a sheet substrate configured to conform to a shape of a vacuum apparatus
whose temperature is to be determined; and

a temperature sensor thermally coupled with said sheet substrate, wherein
the sheet substrate is configured to provide a thermal path from said vacuum

apparatus to said temperature sensor.

2. The vacuum apparatus temperature sensor assembly of claim 1, wherein
said sheet substrate is configured to conform to an external surface of said

vacuum apparatus.

3. The vacuum apparatus temperature sensor assembly of claim 1 or 2,
wherein said sheet substrate is pliable to conform to an external surface of said

vacuum apparatus.

4. The vacuum apparatus temperature sensor assembly of any preceding

claim, wherein said sheet substrate is a planar sheet.

. The vacuum apparatus temperature sensor assembly of any preceding

claim, wherein said sheet substrate has a length which is longer than its width.

6. The vacuum apparatus temperature sensor assembly of any preceding
claim, wherein said sheet substrate has a width which is greater than a distance

between heater elements of said vacuum apparatus.

7. The vacuum apparatus temperature sensor assembly of any preceding
claim, wherein said sheet substrate has a length which is greater than a length of

said external surface of said vacuum apparatus.
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8. The vacuum apparatus temperature sensor assembly of any preceding
claim, wherein said sheet substrate has a length which provides for a plurality of

turns around said vacuum apparatus.

9. The vacuum apparatus temperature sensor assembly of any preceding
claim, wherein said sheet substrate is configured to provide a greater thermal

conductivity across its surface than between said plurality of turns.

10.  The vacuum apparatus temperature sensor assembly of any preceding
claim, wherein said sheet substrate has a thermal conductivity which reduces a
temperature variation across a surface of said sheet surface compared to a

temperature variation across a surface of said vacuum apparatus.

11.  The vacuum apparatus temperature sensor assembly of any preceding
claim, wherein said sheet substrate has a thermal mass which is lower than a

thermal mass of said vacuum apparatus.

12.  The vacuum apparatus temperature sensor assembly of any preceding
claim, wherein said sheet substrate is interposed between said temperature

sensor and said vacuum apparatus.

13.  The vacuum apparatus temperature sensor assembly of any preceding

claim, wherein said temperature sensor overlies said sheet substrate.

14.  The vacuum apparatus temperature sensor assembly of any preceding
claim, wherein said sheet substrate has a thermal conductivity which is greater

than a thermal conductivity of said vacuum apparatus.

15.  The vacuum apparatus temperature sensor assembly of any preceding

claim, wherein said sheet substrate comprises an insulating layer.
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16.  The vacuum apparatus temperature sensor assembly of claim 15, wherein

sheet insulating layer is disposed on said sheet substrate.

17.  The vacuum apparatus temperature sensor assembly of any preceding
claim, comprising an outer insulating layer overlying said sheet substrate and

said temperature sensor.

18. A method, comprising:

conforming a sheet substrate to a shape of a vacuum apparatus whose
temperature is to be determined; and

thermally coupling a temperature sensor with said sheet substrate to

provide a thermal path from said vacuum apparatus to said temperature sensor.
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