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ABSTRACT

Remote cryogenic temperature measurements can be made by inducing fluorescence in phosphors
with temperature-dependent emissions and measuring the emission lifetimes. The thermographic

phosphor technique can be used for making precision, non-contact, cryogenic temperature
measurements in electrically hostile environments, such as high DC electric or magnetic fields. NASA
is interested in utilizing these thermographic phosphors for mapping hot spots on cryogenic tank

walls. Europium-doped lanthanum oxysulfide (La2OzS:Eu)and magnesium fluorogermanate doped
with manganese (Mg4(F)GeO6:Mn) are suitable for low-temperature surface thermometry. Several
emission lines, excited by a 337 nm UV laser, provide fluorescence lifetimes having logarithmic
dependence with temperatures from 4 to 125 Kelvin. A calibration curve for both La2Ofi:Eu and

Mga(F)GeO_,:Mn are presented as well as emi_ion spectra taken at room temperature and 7 Kelvin.

2. INTRODUCTION

Surface temperatures of moving objects, objects restricted from direct contact with a thermal
probe, or large areas were temperature surveys are needed can be verydifficult to measure with
conventional techniques. One method of a_omplishing these measurements is to coat the surface
area oi interest with a temperature dependent phosphor and induce fluorescence by excitation with
ultraviolet radiation. The emission lifetime and intensity at certain wavelengths are directly

dependent on temperature. Studies with various doped phosphors at high temperatures have been
effectcd with great success and have added a new dimension to thermometry. A need for this remote
thermal, ability at cryogenic temperatures exists in areas such as space vehicles and exploratory
machincr3.'. This paper will investigate the use of lanthanum oxysulfide doped with europium

(La2OeS:Eu) and magnesium tquorogermanate doped with manganese (Mg4(F)GeO6:Mn) for
temperature measurements over the range of 4 to 80 K. Temperature calibration curves for

LazO_S:Eu and Mg4(F)GeO6:Mn at cryogenic temperatures will be presented.

3. THERMOGRAPHY PtlOSPHORS CHOSEN FOR CRYOGENICMEASUREMENTS

Strong temperature dependence exist in the lanthanum oxysulfide pht_sphor because of the
competition between nonradiativc-lattice de-excitation pr_x:e_,_cs and photop-emitting de-excitation
within the europium electronic levels. The trivalcnt europium it_n h_t_several metastable states from
which flut_resccnt emission _ccurs. Details of this intcractic_n are dcscribcd by Ft_ngcr and Struck. t

*Oak Ridge National Laborat_ry is operated by Martin Marietta Energy Systems. lhc., for the U.S.

Department of Energy undt't t_mtract DE-AC05-g4C)R2140_I
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Fromthe studies bY Fonger and Struck, as well as earlier Oak Ridge studies _4 of La202S:Eul its
temperature dependency frol_, approximately 80 to above 500 K is well documented. 'Flae room

...... . temperature emission and excitation spectra for La202S:Eu are shown in Fig.' 1.

T

The second phosphor chosen for our evaluation was Mg4(F)GeO6:Mn. The emission lifetime or I

fluorescent decay time exhibits a reproducible variation Over a range of temperature between -180"C
and +450°C. s We will explore the region between absolute zero and -180"C. Figur e 2 shows the i
room temperature emission and excitation spectra for Mg4(F)GcO6:Mn. 1I

Figures 3 and 4 show emission spectra for each of the phosphors for a given cryogenic i

temperature, In our initial screening process we found that both the La2Oz,S:Eu and
Mg4(F)GeO6:Mn showed excellent potential in the temperature range of interest. With the
La202S:Eu the fluorescence lines of interest for the cryogenic temperatures were 418 and 446 nm,
althoughwe also monitored the 514-, 538-, and 624-nm lines. When looking at the Mga(F)GeO6:Mn,
the 657-nm lines showed cryogenic temperature dependence. We also monitored the 623-and 638-
nm lines.

Measurements with La2OzS:Eu near room temperature have exhibited temperature dependency
as to allow determinations with <0.5°C uncertainty. 4 In these initial feasibility studies, accuracy was
not the issue but rather determining if phosphor thermography could be used to measure cryogenic

temperatures in the region of 4 to 80 K. Thus, the main objective Of this report is to presem data
which have been collected on La202S:Eu and Mg4(F)GeQ:Mn at temperatures ranging from 4 to
80K.

4. DESCRIPTION OF THE THERMOGRAPHIC CRYOSTAT

The dcsign objective was to provide a variable-temperature cryostat that could be used to
investigate various phosphors' responses to cryogenic temperatures from liquid nitrogen (LN) down

to liquid helium (LHe) temperatures. Such an apparatus was designed and fabricated and will be
described in the following paragraphs.

'lhc cryostat shown in Figs. 5 and 6 was designed to fit an existing research Dewar..Figure 7 gives

a detailexl cross-sectional view of the thermographic phosphor sample holdcr. The phosphor was
placed in a 0.64-cm diam cup in the end of a copper spindle. A heater was wrapped around the

spindle just below the phosphor CuP. A thermocoup!c (Au-0.07%Fc vs chromel) junction was
mounted just below the cup to provide for temperature measurements. The reference junction for
this thermocouple was immersed in the Ltle bath at 4.16 K. Thus, the temperature differentials
relative to the Ll.-Ie bath temperature could be measured. Using standard thcrm(x:ouple tables, an
accuracy of > 1 K could be obtained. A vishay cryogenic linear temperature scnsor (CLTS) was also
mounted c.m thc copper spindle to _llow additional absolute temperature m_._asurcments with a
precision of -2 K.

The copper spindle was sealed intt_ _t0.64-cm Swagclc_k titting that was welded into a lo:ag, 1.91-
cm-di;tm, stainlcss-steei tube. Thus, the measurements could bc carried Out with either w_cuum or

helium vapor around thc phc_sph0r. 'I'wt_ optical f_bcrs werc mc)untcd il_the ttJl_c to bring in the 337-
nm ultraviolet (UV) light from a nitit_gen laser and transmit the emitted light back out to the
mont)chrometcr. "Fhc Swagclok fitting cc_uld bc unscrcwcd tt_ allow a new phosphor to bc cvaluated.
A piece of 1.27-cm-diam thin-wall stainless-steel tubing extended from the spiradlc down into the LHc

bath. A 25-turn-length of 0.1-cm-diam ct_pper wire w;_s wr_ppcd arour_d this t,Jb,c to provide a heat
leak t'rom the b_th to the spindle. The thcrmc_couplc, CL'I'S, _tnd hc;tter Ic_ds come through this
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tube' arid exited intothe bath. The leads were hermetically sealed into the end of the copper spindle

with Stycast 2.KSOFT"epoxy.

In operation, the phosphor tube and Dewar were evacuated and purge_t with helium gas. The
Dewar was then filled with LHe to the desired level. If the temperatul e desired was at or near LHe

temperature, the level was raised until the copper spindle was immersed. The temperature of the
phosphor could be increased by elevating the spindle _th respect to the LHe level or energizing the ii

heater to provide fine temperature control. The temperature could be, controlled within 0.1 K during i
a measurement sequence on the phosphor.

5. SETUP FOR CRYOGENIC TEMPERATURE MEASUREMENTS
I

A Schematic of the screening and calibration setup is shown in Fig. 8. A pulsed- nitrogen laser

(337-nm wavelength) was used to produce the excitation signal. The signal was carried from the laser
via an optical fiber (600,_m-diam, plastic-coated silica) to the sample that consisted of a thin packed
film of the phosphor of interest. The phosphor was housed in the copper spindle cup described
under in the previous section where the technique for controlling the temperature is also described.
The cooling liquid was supplied by a 1000-L LHe storage Dewar to the cryogenic research Dewar.

The fluorescent emission signal was picked up by the same type of optical fiber mentioned

previously and carried into a monochrometer where the wavelength was selected. The signal then
entered the photomultiplier tube from which the amplified signal was displayed on a Tektronics 7854 11
waveform-analyzing oscilloscope. The fluorescent signals were then permanently stored on a
computer via a GPIB interface. F uorescent-emission spectral information was also obtained at
different temperatu_-e levels by auto aatically varying the emission wavelength on the monochrometer
and recording the output of the p_ otomuitiplier on a strip-chart retx_rder.

6. COLLECTING AND ANALYZING THE TEMPERATURE DATA

Several runs were made in each temperature range for the LazO2S:Eu, and each temperature
datum was the average of four individual readings. This calibration study concentrated on a

temperature range between 4 and 80 K, and severai higher-temperature points were taken to verify
concurrence with previously obtained data. The 446-nm-emissir)n line representing the 5D3 transition
was examined, and a plot of the results of this investigation, as well as our earlier investigation, are
shown in Fig. 9. The temperature, in Kelvin, is plotted against the log of the emission lifetime in
micro sctx_nds.

Program limitatitms did not allow a tht_rough investigation of the Mg4(F)GcO_,:Mn phosphor. A
cursory at the Mg4(F)GeO_,:Mn indicated that it could bc use as a cryogenic thermometer. The 657-
nm emissk)n line was c.xamincd over the range of 13 to 145 lC The data _rc plotted in Fig. 12 as the
tcmtmrature in Kelvin vs the log of the cmi_ion lifetime in milliseconds. In th,: future, we hope to
bc able to perform a m<_rcextensive and detailed calibration study of the' Mg_(I:)GcO6:Mn.

7. CONCLUSION

13<)th the euv<_l_itam-dopcd I_lnthltiitJm oxysulfide,, rind mang_t,lcsc doped magnesium

fluorogermanate ph<_,;phors can N: usctl for remote cryogenic tcmpt'raturt' sensing. M_wing,
inaccessible, or haz_lrd(_us cc_ld cnvironmcnks can bc thermally invcstig_tted using these phc}:;phor

techniques. Additit_nal research is needed to fully exploit the potenti_l in this area. Different
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phosphors and rare earths should bc inve_stigatcd.
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Fig. 5. Cryosta! tbr therm(_gral_hic phosph_w experiments.
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