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ABSTRACT

Certain ceramic-like phosphor materials exhibit bright fluorescence with a pronounced
temperature dependence over arange which spans the cryogenic to 1700 C, depending on
the specific phosphor. To measure temperature, a surface, for instance a turbine blade, is
coated with the material. An optical system, sometimes including optical fibers, conveys
stimulating light and collects the emission for analysis. Either emission intensity or decay
time may indicate temperature. Previously fielded tests have involved surfaces such as
blades, vanes, pistons, in-take valves, sheets of galvanneal steel, etc. The fluorescent
coatings may be applied to small parts via sputtering methods or to large areas by mixture
with inorganic binders. Presented here are results characterizing fluorescence rise times
as ameans of determining temperature from ambient to 700 C for Y ,0s:Eu.

indicators by coating them onto a surface

BACKGROUND

Phosphor materials are fine-grain
particles that efficiently luminesce when
stimulated by a suitable energy source.
An excitation source may be
electromagnetic  (X-ray, ultraviolet,
visible, or infrared) or it may be particle
radiation (electron or proton beam).
Some phosphor materials are ceramics
and ae thus very durable and
impervious to degradation in high
temperature  environments. These
materials can be used as temperature

of interest, stimulating the characteristic
fluorescence and analyzing the
characteristics of the emitted light (1)
Several fluorescence attributes may
change with temperature:  emission
intensity, spectral distribution, line
width, line position, decay time, and rise
time. For circumstances involving
imaging, intensity is often used as the
temperature indicator. For point
measurements, the decay time is often
the best choice as it is usually the most
sensitive parameter to temperature. In
the present work we describe an



investigation concerning the use of rise
time as a temperature indicator.

The most usua time dependence for
short pulsed excitation is given by:

| = I exp(-t/7)

where |, is the initial amplitude andr
istermed the decay time. Itisasensitive
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function of temperature over a given
range. Figure 1 illustrates a genera
setup for  effective  temperature
measurement with surface coated with
phosphor. Theillustration shows alaser,
but there has been increasing use of light
emitting diodes (LEDs) for some
situations.
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Figurel. Representativethermometry system showing light source, light delivery and collection, a
coated moving tar get, detection and data anaysis system.

One of the most important materials for
high temperature phosphor thermometry
is Y20z Eu. Fluorescence from some
coupons coated with a mixture of this
material and an inorganic binder are
shown in Figure 2. These samples were
exposed to 1 hour at 1200 and 1300 C
respectively in order to assess the
coating durability and high temperature
capability. The red fluorescence is
stimulated by a ultraviolet lamp.
Sputtering methods can sometimes be

used to achieve a durable phosphor
coating. However, there are some
situations where sputtering is impractical
such as when the test area is rather large
or when there is not enough time to
schedule people and  sputtering
equipment. Several binder materials
appear to work up to 1200 C and we
have had some success to as high as
1500 C. References 2-4 describe binder
studies aimed at these high temperatures.



Figure2. Fluorescence from ceramic coupons coated with Y ,Os:Eu phosphor.
Excited by UV lamp. Samplestreated 1 hour 1200 and 1300 C, respectively.

Rise Time

The decay time of Y,0s:Eu is a sensitive
function of temperature above about 600
C and it has been used effectively for
thermometry above that value. Rhys
Williams et a (5 noted that this
emission also has a rise time associated
with it that depends on Eu concentration.
Their rise time determinations ranged
from about 60 microseconds at room
temperature for a 5.56 mole % sample to
320 microseconds for a 0.27 mole %
sample. Ranson et al (6) indicated that
the risetime from this phosphor material
may be used for temperature sensing.
They derived a model for the emission
time dependence and give data for a
particular dopant concentration, 3.2 mole
%. They communicate that the rise time

is temperature dependent from at least
ambient temperatures to 800 C. Thus it
enables this already useful material to
cover a much wider temperature range.
The dominant emission arises from
direct excitation, denoted by n, in the
equation below and by feeding from a
higher excited state n,. The

instantaneous population from the
emitting state is according to Ranson:

-t -t
N = {nl + nz(l— exp{ T }j exp{
Rise

z-Decay
We have made a detailed study of the
temperature  dependence from a
crystalline sample of Y,03:Eu with the
dopant at 0.5%.

|



EXPERIMENT

For the measurement of emission versus
temperature, a nitrogen laser of 3 ns
duration at 337 nm excited the sample.
The sample was about 5 mm across. At
this wavelength, the excitation efficiency
at room temperature is pretty low, a
crystaline  sample  emits  more
fluorescence than a powder sample. A 1
mm diameter sapphire rod collects the
fluorescence and directs it to a
photomultiplier. The signal isviewed on
a digital oscilloscope which
communicates the digitized trace to a
laptop. Figure 3 shows two example
traces at 22 and 300 C respectively. The

0.14

initial spike in the signal is due to laser
light leaking through the fluorescence
band pass filter. It iscommonly the case
that this feature is difficult to remove
completely for practical experiments.
So, it is removed from the data and
ignored in the anaysis. The
characteristic rise and fal of the
fluorescence are clearly illustrated here.
The overal increase in signa as
temperature is increased is due to the
fact that the absorption cross section for
the nitrogen laser excitation wavelength
increases with temperature.
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Figure 3. Emission amplitude versustimefor Y ,03:Eu 0.5%.

Figure 4 shows the emission for
temperatures ranging from 22 to 300 C.

The initial laser spike is removed. It is
seen that the rise time gets shorter as



temperature is increased. Each trace has
been fit to the Ranson equation using a

regression fitting routine in Sigma Plot
8.0.
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Figure4. Emission Amplitude versustimefor 22 to 300 C.

To display the dependence at higher
temperatures, the time base was
expanded and the results are plotted in
Figure 5. From previous experience, the
decay time is approximately constant to
about 550 to 600 C. Thus, only the 700
C data shows a decrease in decay time.

The rise time obtained from the fit is
plotted in Figure 6 versus temperature.
The rise time changes by an order of
magnitude over the entire region of
temperature. This is not as great a
temperature dependence as decay
exhibits in some instances. It is

nonetheless a useful degree of
temperature dependence. It extends the
range over which this already useful
material may be used.

Given the fact that the room temperature
rise time increases as dopant
concentration decreases, it may be that a
lower dopant concentration exhibits an
increased temperature sensitivity. This
may be explored in future work as we
have samples as low as 0.1% dopant
concentration. The drawback is that
signal levelsare low.



Amplitude (V)

0.035

0.030 -
0.025 -
0.020 -
0.015 -
0.010 -
0.005 -
0.000 | T T | | T
0 100 200 300 400 500 600
time (microseconds)
Figure5. Emission amplitude versustimefor 400to 700 C.
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Figure 6. Risetime versus Temperature.



It may aso be instructive to examine other materials. YAG:Eu is a material that has
shown temperature dependence to approaching 1400 C. Its decay time only begins to
change at around 700 C. If its rise time shows a similar temperature dependence, its
useful range may also be similarly extended.

CONCLUSIONS

The record temperature in our lab for observing fluorescence is1700 C. This was
achieved with a YAG:Dy phosphor. Though this material apparently does not display a
useful rise time, it could be mixed with Y,03:Eu and the result would be a fluorescent
coating which could cover an exceedingly wide temperature range. The rise and decay
times of the Eu material could be monitored at 611 nm up to about 1200 C. The Dy
fluorescence at 453 nm could be monitored for its temperature dependence from about
800 C and above. The results here clearly point to the utility of using rise time for
temperature measurement. It is yet another resource in a growing toolkit for
fluorescence-based thermometry.
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