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(54) TEMPERATURE MEASURING DEVICES

(71) We, LUXTRON CORPORA-
TION, a corporation organised and existing
under the laws of the State of California,
United States of America, of 2916 Scott Blvd.,
Santa Clara, CA 95050, United States of
America, do hereby declare the invention, for
which we pray that a patent may be granted
to us, and the method by which it is to be
performed, to be particularly described in and
by the following statement:—

This invention relates to temperature
measuring devices and more particularly to such
devices for measuring temperature at a region
remote from the location where the information
is required. Devices according to the invention
utilise an optical interconnection between a
sensing element and a detector.

In our co-pending ‘Application No. 51006/77
(Serial No. 1,605,116) (the Parent Applica-
tion) to which reference is directed, there are
described and claimed various methods and
apparatus for measuring temperature which
use a luminescent material having particular
temperature dependent characteristics. More
specifically, these methods utilise a Juminescent
material, normally a phosphor material, which
is adapted to emit, when excited, electro-
magnetic radiation within optically isolatable
bandwidths over at least two distinct wave-
length ranges and with relative intensities there-
in that vary as a known function of the material
temperature. Luminescent materials without
this specific characteristic are also useful in
temperature measurement and according to the
present invention are used coupled to a length
of optical fibre means which optically connect
the luminescent material to a detector.

Accordingly, the present invention provides
a device for remotely measuring temperature,
comprising a length of optical fibre means; a
layer of luminescent material held in optical
communication with one end of the optical
fibre means, which material is characterised
by emitting, when excited, electromagnetic
radiation with an intensity that varies as a
function of its temperature; means adjacent

the other end of the optical fibre means for
transmitting electromagnetic radiation through
the fibre means, to excite the luminescent
material to cause it to emit said radiation; and
means also adjacent the other end of the
optical fibre means for detecting electro-
magnetic radiation emitted by the luminescent
material.

Known typical thermographic phosphors
exhibit a broad fluorescence under ultraviolet
excitation, this fluorescence being strongly
temperature-dependent with regard to emission
intensity. The fluorescent intensity of this
emission “quenches” sharply as the temperature
rises over a fairly narrow temperature range.
Devices according to the invention can achieve
high sensitivity over a fairly restricted range
and can be very useful in a number of applica-
tions. It is however preferred to use materials
having the above specific characteristics
in order to extend the range over which
accurate measurement can be made.

As described in our co-pending Application
No. 80.23228 (Serial No. 1,605,118) to which
reference is also directed the luminescent
material is attached in heat transmissive rela-
tion to a separate body which is, according to
the present invention, coupled to the optical
fibre means. However, the material may also be
attached directly to the optical fibre means.

The optical fibre means may take the form
of a single fibre, through which the luminescent
material both receives and transmits electro-
magnetic radiation. Alternatively, separate
lengths of optical fibre may be used.

The invention will now be described by
way of example and with reference to the
accompanying drawings wherein:

Figure 1 is a block diagram illustrating in
general the basic concept of the invention of
the Parent Application;

Figure 2 are curves that illustrate the
fluorescent emission spectrum at two different
temperatureg of an uropium-doped lanthanum
oxysulfide phosphor when excited by ultraviolet
radiation; Figure 3 are curves that illustrate
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the intensity of specific strong emission lines
from certain rare earth oxysulfide phosphors
when excited by suitable radiation; or

Figure 3A is a sample excitation spectrum
curve for a rare earth oxysulfide at a single
radiation output line;

Figure 4 schematically illustrates a large
electrical power transformer utilising the
present invention for remotely measuring spot
temperature thereof;

Figure 5 shows a phosphor temperature
sensor and optical system therefor as one form
of the temperature measurement system of
Figure 4;

Figure SA illustrates a modification of the
temperature measurement system of Figure §;

Figure 6 shows a variation in the
temperature measurement system of Figure 5;

Figure 7 shows yet another variation of the
temperature measurement system of Figure 5;

Figure 8 illustrates a rotating device with its
internal temperature being measured according
to another aspect of the prescnt invention;

Figure 9 illustrates a moving belt with its
temperature being measured according to
another aspect of the present ir.vention;

Figure 10 illustrates the present invention
applied to a system including a removable
temperature probe sleeve; and

Figure 11 illustrates the present invention
in an application monitoring an internal
temperature of a biological specimen that is
under heat treatment.

Referring to Figure 1, the basic features of
all of the various preferred aspects of the
present invention are illustrated. Within some
environment 1 is positioned a solid object 20
having a phosphor coating 40 over at least a
portion thereof. The phosphor is characterized
by emitting, when excited, electromagnetic
radiation within separable bandwidths at two
or more distinct wavelengths and with relative
intensities in those bands that vary as a known
function of the temperature of the phosphor
40. Thus, the tempzrature of the phosphor 40
is detected that is the same as or re-
lated to that of the object 20, and in some
applications of the environment 1 as well.

Such luminescent emission of the phosphor
40 in the form of electromagnetic radiation
41, generally in or near the visible spectrum
is excited by a source 60 over a path 61. The
source could be radioactive material, a source
of cathode rays, an ultraviolet electromagnetic
energy source, or any other remote source pro-
ducing efficient fluorescent depending upon the
particular type of phosphor utilized in the
preferred forms of the present invention. The
relative intensities of the two distinct wave-
length bands within the emitted radiation 41
contains the desired temperature information.

The emitted radiation 41 is gathered by an

optical system 80 and directed in a form 81
onto an optical filter and radiation detector
block 100. The block 100 contains filters to

isolate each of the two bands or lines
of interest within the radiation 81 that
contain the temperature information. After
isolation, the intensity of each of these
bands or lines is detected which results
in two separate electrical signals in
lines 101 and 102, one signal proportional to
the intensity of the radiation in one of the two
bands and the other signal proportional to the
inensity of the radiation in the other of the
two bands of interest.

These electrical signals are then applied to
an electronic signal processing circuit 120. In
a preferred form, the signal processing circuits
120 take a ratio of the signals in the lines 101
and 102 by the use of routinely available
circuitry. This electronic ratio signal is
then applied to a signal processor within the
block 120. The signal processor is an analog
or digital device which contains the relation-
ship of the ratio of the two line intensites as
a function of temperature for the particular
phosphor 40 utilized. This function is obtained
by calibration data for the particular phosphor
40. The output of the signal processor
in a line 121 is thence representative of the
temperature of the phosphor 40.

The signal in the line 121 is applied to a read
out device 140 which displays the temperature
of the phosphor 40. The device 140 could be
any one of a number of known read out devices,
such as a digital or analog display of the
temperature over some defined range. The
device 140 could even be as elaborate as a

.color encoded television picture wherein each
temperature

color represents a narrow
range on the object. It could also be a television
picture stored on disc or tape.

Preferred Phosphor Materials and
Characteristics.

The fundamental characteristics of a phos-
phor material for wuse in the present
invention is that when properly excited it emits
radiation in at least two different wavelength
ranges that are oprically isolatable from one
another, and further that the intensity variations
of the radiation within each of these at least
two wavelength ranges as a function of the
phosphor temperature are known and different
from one another. A phosphor material is
preferred that is further characterized
by its radiation emission in each of these at
least two wavelength bands being sharp lines
that rise from substantially zero emission on
either side to a maximum line intensity, all
in less than 100 angstroms. The lines are easy
to isolate and have their own defined band-
width. But mixmres of broadband emitters,
such as of more conventional non-rare earth
phosphors, are also usable so long as two
different wavelength ranges of emission of the
two materials can be separated sufficiently from
one another so that an intensity ratio can be
taken, and as long as the temperature de-
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pendences for thermal quenching are
sufficiently different from the two phosphors.

For a practical temperature measuring
device, the phosphor material selected should
also emit radiation in the visible or near visible
region of the spectrum since this is the easiest
radiation to detect with available detectors,
and since radiation in this region is readily
transmitted by glass or quartz, windows, fibres,
lenses, etc. It is also desirable that the phosphor
material selected be an efficient emitter of such
radiation in response to some useful and
practical form of excitation of the phosphor
material. The particular phosphor material
or mixture of phosphor materials is also desir-
ably chosen so that the relative change
of intensity of emission of radiation within
the two wavelength ranges is a maximum
within the temperature range to be measured.
The phosphor material should also be durable,
stable and be capable of reproducing essen-
tially the same results from batch to batch.
In the case of fibre optic transmission of the
phosphor emission, as described in specific
embodiments hereinafter, a sharp line emitting
phosphor is desirably selected with the lines
having wavelengths near one another so that
any wavelength dependent attenuation of the
fibre optic will not significantly affect the
measured results at a position remote from
the phosphor, thereby eliminating or reducing
the necessity for intensity compensation that
might be necessary if fibres of varying lengths
were used.

The composition of a phosphor material
capable of providing the characteristics outlined
above may be represented very generally by
the generic chemical compound description
AB;C,, wherein A represents one or more
anion elements, B represents one or more
cation elements, together forming an
appropriate non-metallic host compound, and
C represents one or more activator elements
that are compatable with the host material. x
and y are small integers and z is typically in
the range of a few hundredths or less.

There are a large number of known exist-
ing phosphor compounds from which those
satisfying the fundamental characteristics dis-
cussed above may be sclected by a trial
and error process. A preferred group of
elements from which the activator element C
is chosen is any of the rare earth elements
having an unfilled f-electron shell, all of which
have sharp isolatable radiation line emissions
of 10 angstroms bandwidth or less. Certain
of these rare earth elements having compara-~
tively strong visible or near visible emission
are preferred for convenience of detecting, and
they are, typically in the trivalent form: praseo-
dymium (Pr), samarium (Sm), europium
(Eu), terbium (Tb), dysprosium (Dy), hol-
mium (Ho), erbium (Er) and thulium (Tm).
Other non-rare earth activators having a
characteristic of sharp line emission which

might be potentially useful in the present
invention would include uranium (U) and
chromium (Cr®'). The activator element is
combined with a compatable host material
with a concentration of something less than 10
atom percent relative to the other anions
present, and more usually less than 1 atom
percent, depending on the particular activator
elements and host compounds chosen.

A specific class of compositions which might
be included in the phosphor layer 40 is a rare
earth phosphor having the composition
(RE),0,S:X, wherein RE is one element
selected from the group consisting of lanthanum
(La), gadolinjum (Gd) and yttrium (Y), and
X is one doping element selected from the
group of rare earth elements listed in the pre-
ceding paragraph having a concentration in
the range of 0.01 to 10.0 atom percent as a
substitute for the RE element. A more usual
portion of that concentration range will be less
than 1.0 atom percent and in some cases less
than 0.1 atom percent. The concentration is
selected for the particular emission charac-
teristics desired for a given application.

Such a phosphor compound may be sus-
pended in a nitrocellulose binder for
application in environments having tempera-
tures of less than about 120° F, and in a silicate

“binder for higher temperature applications.

A specific example of such a materjal for
the phosphor layer 40 of Figure 1 that is very
good for many applications is europium-doped
lanthanum oxysulfide (La,;0.S:Eu) where
uropium is present in the range of one atom
percent down to 0.1 atom percent as a sub-
stitute for lanthanum. The curves 42 and 43
of Figure 2 provide, for two separate phosphor
temperatures, the intensity of its emission as a
function of wavelength. The phosphor was in
the form of a finely crystalline powder
and was excited by electrons. The emitted
radiation was analyzed with a scanning mono-
chronmeter followed by a photo-multiplier
detector. The particular material for which
Figure 2 illustrates the luminescent emission
spectrum is Janthanum oxysulfide with 0.1
atom percent of uropium substituted for
lanthanum.

Curve 42 of Figure 2 shows the emission
spectra of such a material at 295° K which
is room temperature. The curve 43 of Figure
2 shows the emission spectra for the material
at 77° K, the extremely cold temperature of
liquid nitrogen. It will be noted that the
spectral characteristics of the emission are much
different at these two temperatures and these
changes continue to occur as the phosphor is
raised above room temperature.

Narrow wavelength fluorescent lines which
are particularly useful for temperature measure-
ment, as marked on the curves of Figure 2, are
located at approximately 4680 angstroms, 5379
angstroms, 5861 angstroms (actually a doublet)
and 6157 angstroms. The relative intensities
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of these lines change as a function of tempera-
ture of the phosphors and it is these
relative intensities that give the temperature
information in the various forms of the present
invention.

The relative intensities of at least two of
suitable narrow bandwidth spectral lines are
determined, in the preferred forms of the
invention, by taking the ratio of the detected
intensities of two of the lines. The two lines
must thus be non-overlapping and separated
enough in wavelength so that their intensities
may be measured independently. Referring to
Figure 3, the intensities of the four spectral
lines identified on Figure 2 are drawn as a
function of temperature of the phosphor
(curves 51, 53 and 54). Additionally, curve
44 of Figure 3 shows a ratio of the two spectral
lines 54 and 51 respectively at 5379 angstroms
and 4680 angstroms as a function of
temperature. It is such a characteristic as
illustrated by the curve 44 that permits
accurate, pre-calibrated temperature measure-
ment by taking a ratio of two spectral
lines. Similarly, if the other two lines 52 and
51 respectively at 6157 angstroms and 5861
angstroms are ratioed, the characteristics of
the resulting ratio as a function of temperature
is given in curve 45. As can be seen from
Figure 3, the ratio represented by the curve 44
varies strongly within a temperature range of
from —75° C to +50° C. The second ratio
indicated by the curve 45, on the other hand,
varies strongly with temperature over the range
of from about 50° C to 300° C. Therefore, the
particular fluorescent emission spectral lines
of the phosphor that are utilized depend upon
the expected temperature range to be
monitored.

Referring to Figure 3, the intensities of two
spectral lines for uropium-doped gadolinium
oxysulfide (Gd,0,S:Eu) as a function of
temperature of the phosphor are shown as
emission lines 55 (at 4680 angstroms) and
56 (at 5379 angstroms). Europium is present
with 0.1 atom percent of europium substituted
for gadolinium.

The intensity of the 4680 angstrom emission
line of europium-doped yttrium oxysulfide
(Y,0,S:Eu) is shown by curve 57 of Figure
3, where europium is present with 0.1 atom
percent of europium substituted for yttrium.

_ The intensity of the 5379 angstrom of the

Y,0.S:Eu line is shown by curve 58. A line
useful for referencing (ratioing) in Y,0,S:Eu
is the 6157 angstrom line represented by
curve 59. The curves 55, 56, 57 and 58 show
usable temperature dependent emission
intensity characteristics in different tempera-
ture ranges than those spanned by the
lanthanum material exhibiting curves 51 and
52. These additional oxysulfide materials are
most usable over the rapidly changing portions
of their curves when referenced to a line such
as the 6157 angstrom line, The differences

with useful temperature ranges of these
materials are significant when selecting an
optimum material for a specific application.
The 4680 angstrom line 55 of gadolinium
oxysulfide, for example, has particular advan-
tages for medical temperature measurement
since especially rapid changes occur with good
signal strength over the range of human body
temperatures.

It will be noted from Figure 3 that each of
the gadolinium, lanthanum and yttrium oxy-
sulfide materials illustrated has the same dop-
ing, namely 0.1 atom percent of europium.
However, experiments with materials of widely
different doping levels of euuropium indicate
that the temperature dependences are not
significantly affected by doping level. The
temperature characteristics of the material are,
as can be seen, very dependent upon the phos-
phor host material, as well as on the choice
of activator jon, thus permitting optimization
of the temperature characteristics for a
particular application by selection of the proper
host material.

Referring to Figure 3A, a typical light
intensity output characteristic is illustrated
from the rare earth oxysulfide phosphors
discussed above. This is the emission intensity
at a particular wavelength line, as a function
of wavelength of the phosphor exciting radia-
tion. It can be seen thar the most intensity is
obtained when the phosphor is excited with
ultraviolet radiation. Ultraviolet radiation is
preferred, therefore, for exciting the phosphor
in most cases. But some optical systems that
might be used to transmit exciting radiation
have coniderable losses to ultraviolet radiation
when compared to losses in the visible range.
A long length of optical fiber, such as
one over 100 meters in length would be such a
system. When the losses are great enough, it
may be preferable to excite the phosphor with
visible radiation, such as at either the blue or
green excitation bands shown on Figure 3A.
Even though the resulting excitation efficiency
may be lower for visible than ultraviolet radia-
tion, the improved visible transmission of a
long optical fiber can make up for this
difference.

In order to adequately detect and measure
these spectral line ratios without interference
from adjacent emission lines, the fluorescent
radiation 41 and 81 of Figure 1 must first be
passed, as part of the block 100, through an
optical filter such as a monochrometer or
interference filter set chosen to isolate the
selected wavelength ranges in which the spectral
lines of interest fall. It can be seen from the
characteristics of the phosphor illustrated in
Figure 2 that for the 4680 angstrom, 5861
angstrom and 6157 angstrom lines, a bandpass
filter in the order of 50 angstroms wide is
adequate for separation. In addition to separa-
tion, it may also be desirable to carrect
the measured lines intensities within the block
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100 for any strong background radiation which
may be present, such as that from room light
or day light. For that purpose, it may be desir-
able in certain circumstances to additionally
measure the intensity of radiation as seen
through the utilized monochrometer or filter
when tuned to a spectral region near
the fluorescent lines but where no fluorescent
radiation is expected. An example using the
phosphor whose characteristics are illustrated
in Figure 2 is in the region of from 6000 to
6100 angstroms. Alternatively, the background
can be determined by turning off the excitation

. source and looking through the two filters.

Any background radiation so measured can then
be subtracted from the 5861 and 6157 ang-
strom line intensities that are measured to yield
a more correct ratio for temperature
measurement purposes.

A physical mixtre of phosphor compounds
can also be utilized, as an alternative, in
order to obtain desired temperature
characteristics. The intensity of one emission
line from one compound of the mixture, for
instance, can be compared with the line
intensity of another compound in order to pro-
vide optimum measuring characteristics over
a given temperature range. Alternatively, two
emission lines from each of two phosphor
compositions can be utilized, the lines from
one compound compared over one temperature
range and the lines from the other compound
being compared over an adjacent temperature
range. For example, a terbium doped lan-
thanum, gadolinium or yttrium oxysulfide may
be used as one compound in combination with
an europium-doped lanthanum, gadolinium
or yttrium oxysulfide as the other compound.

The phosphor materials mentioned above
have an advantage of being relatively inert
and stable. The emission lines of the phosphor
are in the visible or near visible region and
thus transmission through long air paths,
through water and other liquids, or through
long optical fibres, or through glass or quartz
optics, is possible. Such a phosphor differs

from more conventional phosphors in that it-

emits very sharp line output spectra that can
be readily optically isolated from each other,
and the temperature dependence of line
intensities at a particular wavelength is very
strong relative to that at other wavelengths
over a given temperature range of practical
interest. Other phosphor materials having these
characteristics can be utilized as part of the
technique and structure of the various aspects
of the present invention, as well.

" There are many applications of large
machinery and apparatus wherein it is desired
to monitor the temperature at one or more
points within the apparatus while it is operat-
ing. Large machinery is especially ex-
pensive. It is very inconvenient and expensive
when it breaks down due to local overheating.
If such local overheating can be detected be-

fore any damage is done, then the cause of it
can be determined, thus avoiding more costly
shutdowns of the equipment. Monitoring the
overall or average temperature of the equip-
ment, by monitoring the temperature of water
or oil coolant, for instance, does not provide

‘the necessary information in most instances

because the overheating could be raising
the temperature of a small part of the
machinery to an excessive and damaging level
without raising the average temperature any
detectable amount.

One such piece of equipment wherein there
has been a long need for such point temperature
measurement is in large electrical power trans-
formers, some of which are capable of handl-
ing several megawatts of electrical power.
Destruction of such a large piece of equipment
is not only extremely costly but can signifi-
cantly disrupt a large portion of an
electric power company’s distribution system.
The problem has not been satisfactorily solved
before since electrical transformers, as is the
case with other high voltage electrical equip-
ment, cannot tolerate any electrical conductors
within the equipment that will disturb the
electric and magnetic fields or cause a poten-
tial for short circuits. Therefore, there is a
need for a non-metallic local point temperature
sensor that can be used inside of electrical
power transformers or other types of large
electrical equipment.

Referring to Figure 4, such a transformer
is very generally illustrated. A thick steel outer
shell 7 contains a transformer core 6 having
windings 4 and 5 therearound. The entire
core and windings are submersed in an oil
bath 3 for insulation and cooling. In order to
monitor the temperature of a given spot on
the interior of such a transformer, a single
sensor 22 is provided in accordance with an-
other aspect of the present invention.
The sensor 22 is connected to one end of a
long optical fibre bundle 86. The sensor 22
may be constructed without any metal
parts at all and is optically connected
by the fibre bundle 86 to an appropriate filter
and detector system 100’, an electric signal
processing circuit 120" and a direct temperature
read-out device 140’

Referring to Figure 5, the temperature sensor
22 is shown in cross section wherein it contains
a phosphor material 87 in optical communica-
tion with one end of the optical fibre bundle
86. This end of the optical fibers and the
phosphor are all sealed together by an
appropriate glass or ceramic material to form
a probe which may be inserted into a trans-
former or other machinery. The probe is sub-
jected to the temperature to be measured and
the phosphor, being part of that probe,
responds as described hereinbefore with
relative changes in the intensity of its spectral
output lines as a function of temperature.

The output of the phosphor 47 is obtained
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at an opposite end of the fibre bundle 86 by
a lens 87 which directs the emission radiation
through a beam splitter or dichroic mirror 88,
through another lens 89, and thence to a
system already described with respect to
Figure 6, including a beam splitter or dichroic
mirror 90, two filters 113 and 115 and two
radiation detectors 114 and 116.

In order to excite the phosphor 47 to emit
the desired lines, the embodiment of Figure 5
employs an ultraviolet light source 66 whose
output is directed by a lense 67, passed
through a broadband ultraviolet filter 68 which
blocks all but the ultraviolet light and then
onto the beam splitter or dichroic mirror 88.
The element 88 is designed to transmit visible
light but reflect ultraviolet light so that the
optical configuration shown in Figure 8
utilizes such a characteristic to advantage.
The ultraviolet radiation is reflected by the
element 88, directed through the lens 87 into
the optical fibre bundle 86 and transmitted
through it to the phosphor material 47 to
excite jts luminescent emission which provides
the temperature information in a coded form,
as described above.

Referring to Figure 5A, a modification of
the system of Figure 5 is shown wherein a
probe 27 of a type similar to probe 22 of
Figure 8 is excited by connection through a
fibre optic 86” to an excitation source 60’. The
radiation from the phosphor within the probe
27 is carried by a separate fiber optic 86” to
the appropriate filters and detectors 100”.
The fibre optics 86" and 86” may be a single
optical fibre each, or may be a bundle of fibres,
The use of the separate fibre optics 86’ and
86” has a principal advantage of providing
optical isolation between the phosphor excita-
tion radiation and radiation given off by the
phosphor. Excitation radiation as well as
possible low level fluorescence from the optical
fibre itself is thus kept clear of the detector
100”. The result is less optical background
noise and improved accuracy. The excitation
source 60" and detector 100" may also be more
easily physically isolated using the bifurcation
scheme.

Figure 6 shows a variation of the probe and
detecting system of Figure 5 wherein a probe
23 includes a phosphor material 48 attached
to one end of an optical fibre bundle 91. En-
capsulated within the probe 23 in this embodi-
ment js g radioactive material 69 which
is selected to excite, for a number of years, the
phosphor material 48. The emission of the
phosphor material 48 is transmitted through
the optical fibre bundle 91, through a

lense 92 and onto a beam splitter, filter and:

detector system as described previously with
respect to Figures 6 and 8. The radioactive
material 69, used in place of the ultraviolet
source 66 of Figure 5, may be, for example,
an isotope of nickel, such as 4sNi, having a half
life of 92 years. This material emits electrons

but does not emit gamarays. This probe 23
and communicating optical fibre bundle 91 still
may maintain the desirable characteristic of
having no metallic component if the ¢Ni is in
the form of an oxide or other non-metallic
compound.

Figure 7 shows a variation of either of the
probe assemblies of Figures 8 and 9 wherein
a single optical fibre bundle 92 provides optical
communication with a plurality of separate
probes, such as the probes 24, 25 and 26, which
can be positioned at different locations within
a power transformer or other apparatus. At
one end of the optical fibre bundle 92, a few
of the fibres are connected with each of the
individual probes 24, 25 and 26. At the
opposite ends of the fibre bundle 92, the
opposite ends of the same optical fibres are
connected to individual filters and detectors.
That is, the pobe 24 is in optical communica-
tion with only the filter and detector block 117,
the probe 25 only with the filter and detector
block 118, and so forth. Alternatively, the
separate probes can be scanned at the
output end of the fibre optic bundle by a single
detector in a controlled and predetermined
fashion.

Obviously, the specific types of equipment
where such temperature probes have a high
degree of utility are numerous. An electric
power generating nuclear reactor is another
place where the invention can be used with
great advantage to measure temperature of
remote, inaccessible positions.

Other Applications.

The techniques of the present invention
lend themselves to optical communications.
They may be applied without physical contact
and are immune to electrical noise. A specific
application of optical commutation is on a
rotating device 200 as shown in Figure 11.
This device could be a motor, turbine or
generator. The phosphor containing probe 22
is embedded in the rotating part 200
as are an optical fiber input bundle 201 and
an output bundle 203. The optical fibre
bundles terminate at an external circumference
of the wheel or rotating part 200. This permits
the non-rotatable fixed positioning of an excit-
ing radiation source, such as an ultraviolet
source 205, and phosphor emission receiving
optics 207 adjacent thereto. At one position,
for a short instance, in each rotation of the
rotating part 200, the ultraviolet source and
the phosphor emission radiation optics 207 will
be aligned with their respective optical fibre
bundles 201 and 203. At that instant, the
temperature of the part at the position of the
embedded phosphor containing probe 22 is
measured. The optical system 207 is connected
with an appropriate filter and detector 209
of one of the types discussed with
respect to other of the embodiments above.

The same technique can be utilized, as
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shown in Figure 12, for a moving belt 211.
This optical temperature measurement
technique can be seen to have considerable
advantage since no physical connection of wires
or other devices are required between the mov-
ing part and the fixed measuring equipment. As
an alternative to the particular optical

" technique shown in Figures 8 and 9, the rotat-

ing part 200 and the belt 211 could also be
painted with a phosphor paint as discussed in
the Parent Application.

Other particular applications will become
apparent from this description. The probe
and optical fibre embodiment can be applied
to point temperature measurement in humans
and animals, for example,

A further application is illustrated in Figure
10. The end of an optical fibre bundle 301
is capped with a disposable temperature sens-
ing sleeve 303. The sleeve 303 is formed of a
cylindrical base portion 305 that is carried at
the end of the optical fibre 301. One end of the
cylindrical base 305 is capped with a thin, heat
conductive cap 307 such as, for example, one
made of metal. On an inside surface of the
cap 307 is a phosphor coating 309. At the
other end of the fibre optics 301 (not shown)
is an excitation source and detecting system.
The end of the optic fibre 301 with the sleeve
305 is immersed in the environment for which
a temperature is desired to be taken, such as a
human or animal cavity, or liquid baths.

The advantage is that the sleeve 303 may
be discarded after a single use, thus preventing
cross contamination from occurring in sequen-
tial temperature measurements. A significant
advantage of using the present invention for
this type of measurement is that it has a very
low thermal mass, resulting in the temperature
indicating phosphor 309 reaching a steady
state value of the temperature of its surround-
ings very quickly. Except for the cap 307, the
remaining plastic materials affect vary little
heat transfer from the surroundings to the
phosphor 309. The other advantages described
above concerning the phosphor, optical fibre
structure generally are present here as well.

Yet another application is utilizing the probe
and optical fibre embodiment of the present
invention generally to measure the temperature
at a point within humans and animals.
A potential application is illustrated in Figure
11 wherein a human or animal body 311 con-
tains a cancerous tumor schematically shown
at 313. A technique presently being explored
for treating the tumor, called hyperthermia,
involves irradiating the tumor 313 by means of
energy 315 from a source 317, the result being
induced heating. However, the success of this
technique for treating the tumor 313 is de-
pendent upon maintaining the tumor at a
specific, well controlled elevated temperature.

Therefore, a means of monitoring and con-
trolling the temperature of the tumor 313 is
to surgically implant a minute, non-protruding

temperature probe 319 of the type discussed
principally with respect to Figure 6. A fiber
optic 321 communicates between the tempera-
ture probe 319 and excitation and de-
tection apparatus 323. For this application, of
course, the size of the temperature probe 319
and cross-sectional dimension of the optical
fibre 321 needs to be as small as possible. The
optical fibre can be limited to one or two fibres
and the temperature probe 319 can be formed
by coating the phosphor and a thin encapsulat-
ing material directly onto the end of the
optical fibres. The temperature of the tumor

‘313 can then be monitored and the intensity

of radiation from the source 317 adjusted to
maintain the optimum temperature for
treatment.

The techniques of the present invention also
have application for point temperature
measurements in chemical and food processing
systems. The advantage of an optical fibre and
temperature probe system as described herein
in such applications is that they are chemically
inert, have a very fast response time, provide
electrical isolation, can be permanently
calibrated, are of low cost, are sterilizable and
can even be used in large moving machinery.
These sensors can also be used to measure the

‘temperature of food undergoing microwave

cooking, an application where a thermocouple
or any other metallic temperature measuring
apparatus cannot be used.

A particular further application that takes
advantage of the fact that a direct physical
contact need not be maintained with an object
under measurement is in food processing where
a dot of phosphor can be placed on each pack-
age to be cooked and the temperature thereof
monitored by monitoring the emissions of the
phosphor when excited in the manner
discussed above.

The optical fibre technique of the present
invention permits point temperature measure-
ments to be made at a long distance from the
detection and excitation apparatus. The use of
such techniques for monitoring temperatures at
various points in an industrial plant can easily
involve optical fibre runs in excess of 100
meters and even many times that. For such
long runs, it may be preferable to use excita-
tion radiation within the visible spectrum with
a rare earth phosphor acting as the temperature
indicating device. The particular excitation
radiation that would be sent down the long
optical fibre and the phosphor composition
for such an application have been discussed
earlier with respect to Figure 3A.

The technique can also be broadly applied to
imaging thermography wherein an object scene
is imaged onto a phosphor screen and the
emissions detected through filters by a tele-
vision camera to measure the relative
intensity of two emission lines and thence the
temperature of the image, the latter being
proportioned to the temperature of the object
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scene. In yet another approach to thermal
imaging, the phosphor screen could be mounted
within a vacuum tube, illuminated from one
side by the thermal image, via a suitable infra-
red-transmitting window and substrate, and
excited from the other side by an electron
beam scanned in raster fashion. In this instance
the thermal image could be reconstructed
using a single pair of optical point detectors
suitably filtered with the resultant line intensity
ratio thence used to modulate the intensity of
the electron beam of a cathode ray display
tube which is also scanned in raster fashion in
synchronism with the exciting electron beam.

WHAT WE CLAIM 1S:—

1. A device for remotely measuring tempera-
ture, comprising a length of optical
fibre means; a layer of luminescent material
held in optical communication with one end
of the optical fibre means, which material is
characterised by emitting, when excited,
electromagnetic radiation with an intensity that
varies as a function of its temperature; means
adjacent the other end of the optical fibre
means for transmitting electromagnetic radia-
tion through the fibre means, to excite
the luminescent material to cause it to emit
said radiation; and means also adjacent the

other end of the optical fibre means for detect-
ing electromagnetic radiation emitted by the
luminescent material.

2. A device according to Claim 1 wherein the
layer of luminescent material is mounted on a
probe, and wherein the optical fibre means
is attached at its said one end to the probe.

3. A device according to Claim 1 wherein
the luminescent material is directly attached
to the length of optical fibre means.

4. A device according to Claim 1 or Claim
2 wherein the optical fibre means comprises a
single optical fibre.

5. A device according to Claim 1 or Claim
2 wherein the optical fibre means comprises
two optical fibres, the transmitting means being
located adjacent the other end of one fibre and
the detecting means being located adjacent the
other end of the other fibre.

6. A device according to any preceding
Claim wherein the luminescent material is a
phosphor material.

For the Applicants,
LLOYD WISE, TREGEAR & CO,,
Norman House,

105—109 Strand,

London, WC2R 0AE.

Printed for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1981.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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