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When phosphor materials are exposed to large elsang
in temperature, the luminescent properties, suclthas
fluorescent decay time, emission intensity, spéstiape
and absorption spectra, change. If these changes a
reproducible  over successive cycling to high
temperatures, the phosphor material can be chaiede
as a thermographic phosphor (TP). TP’s are sorastim
the only viable technique for measuring temperatune
hostile and/or inaccessible environments. Typical
techniques used are pyrometry, thermocouples, or
thermistors, but can only provide a limited amouwifit
reliability, reproducibility and accuracy for detgning
the temperature in such environments. The primary
advantage of using a TP technique is that nonehef t
luminescent properties are dependent on the ertissiv
geometry of the coated part whose temperature iseto
measured, nor does the phosphor interfere with the
normal operation of the coat part [1]. Typical'§ Bsed
are phosphor based powdered coatings that areexttter
a part whose temperature is to be measured using a
binding agent. This offers a bright emission whieim be
used to detect the temperature change. Thin pbosph
films are a viable alternative. To overcome thereased
emission intensity with thin films, high efficienchin
film phosphors need to be used. In this repo#,dffect
of temperature on the thin film luminescent projesriof
an efficient red-emitting phosphor, ,®5:EUW** will be
discussed.

Thin films, 100 to 700 nm, of (YoeEU.09205, Were
deposited onto either (100) or (111) Si substratéh
deposition temperatures ranging from room tempegatu
to 700°C. Films were then annealed at 900°C tdeaeh
their maximum cystallinity and luminescent intepsit
Films were then subjected to temperatures from room
temperature to 750°C and the luminescent properties
measured using a spectrometer with an excitation
wavelength ofA,, = 254 nm. A bulk powder sample of
Y,05:EU** from Nichia was used as a comparison.

Y,0z:EUW** is an ideal material as a thermographic
phosphor. E¥ exhibits sharp spectral lines that arise
from forbidden °D; to F; transitions and are easily
detectable against the background radiation. Eiglr
shows the emission spectra at selected temperaftures
the®D, and®D; to ’F; transitions.
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Figure 1. Emission spectra of a thin film ofO4:EL** as
a function of temperature.
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The emission lines in Figure 1 can be seen todmoa
and blue-shift about 1 nm in the temperature ragevn.
Thus, changes in the spectral line width and péuifktss
are not practical for being used to determine the
temperature. Figure 2 shows how the intensitthefD,

— 'F;532 and 537 nm antD, — ‘F; 611 and 630 nm
lines change as a function of temperature from @0 t
660°C. The intensity data has been normalized by
dividing the intensity at each temperature by the
maximum intensity for that emission line. Betwaeom
temperature and ~150°C, the intensity of theseslite
not change significantly to accurately determine th
temperature in this range. The intensity 523 &8id Bm
lines were observed to increase until a maximuenisity

of around 420°C. From 150°C to 420°C, the 611 &3l

nm lines were found to decrease linearly. Sine=’ih
level lies above®D, as the temperature increases
electrons from the charge transfer band that would
normally transition to the more favorable emissfoom

the °D, are promoted to théD, level instead due to
interactions with phonons. This can be observed by
determining the slope of the intensity versus temapee.
From 150°C to 420°C, the intensity of tABy — 'F,
decreases at approximately the same rate at whéciDg

— 'Fyis increasing. At around 420°C, these electroas a
further promoted to higher energy level®, and °Ds,
which do not produce very intense lines, and thus
radiative emission was lost around 660°C. From°@20
to 660°C, the intensity of th#®, — ‘F,lines were found

to decrease faster than &, — ’F;lines, which continue

to decrease at the same rate as between 150° af@.42
Therefore, above 150°C, the linearity of the 61d 680

nm lines can accurately determine the temperature.
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Figure 2. Variation of the 532, 537, 611 and 680limes
as a function of temperature. Intensity has been
normalized.

For comparison, a Si wafer was coated with a bulk
powder of %OsEU*" and the excess particles removed,
leaving a uniform coating of individual particlespah
comparison of the emission properties from thiskbul
powder sample with the thin film sample, very few
noticeable differences in the properties were detec
Both the powder and film were found to have the 6l
line decrease linearly with temperature and at aloai
same rate, given by the slopes.
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