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Electron Beam Induced Degradation of CaS:Pb Thin Film
Phosphor Grown by Atomic Layer Deposition
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The effects of electrorie)-beam irradiation on the luminescent and the materials properties of CaS:Pb films were investigated
using structural and compositional analysis techniques. Continuous e-beam irradiation on CaS:Pb thin film for 180 min resulted in
an approximately 60% decrease of cathodoluminescé@iceintensity. Transmission electron microscopic analysis indicated that
e-beam irradiation induced the precipitation of Pb. The decrease of CL intensity by e-beam irradiation was mostly caused by the
decrease of P luminescent center ion concentration due to the precipitation of Pb. E-beam irradiation also resulted in heavy
carbonaceous contamination on the surface. The thickness of the carbonaceous layer was approximately 10 nm.
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Alkaline-earth sulfides have been studied as luminescent materitoelectron spectroscop{XPS), and transmission electron micros-
als for cathode ray tube and flat panel displé§BDs). The thin film  copy (TEM). In the preparation of a TEM specimen, methyl alcohol
processes of the materials have become important to meet the r@nd isopropy! alcohol were used to avoid the hydration of the
quirements of high-resolution FPDs such as low-voltage field emis-CaS:Pb phosphor during the grinding and dimpling process. The
sion displaygFEDs)and thin film electroluminesceEL) displays. specimen was cooled using liquid nitrogen to eliminate heating ef-
For the application to low-voltage FEDs, the study on degradationfect during TEM observation. The composition of the films was
and surface contamination of thin film phosphor due to electrondetermined using Rutherford backscattering spectrontBs)and
(e)-beam irradiation is essential because the penetration depth of tHNergy dispersive X-ray spectroscofDX). ] o
e-beami.e., illuminating film depth, is quite shallow compared to ~ The CaS:Pb thin films deposited by ALD were highly stoichio-
that of an e-beam accelerated by high voltage. However, the e-beanfl€tric contrary to the films deposited by e-beam evaporatitine
induced damage of thin film phosphors has not been examined id0 nm thick AbO; film-deposited Si wafers were used as substrates.
view of FED application. Materials analysis showed that 0.5-1.0 atom % of oxygen was con-

Earlier works reported that the CaS:Pb phosphor had been a verjfined in the CaS:Pb phosphor while carbon was not detected. Oxy-
efficient photoluminescent phospHoPI?* ion can be incorporated 98N is thought to be incorporated from the Ca precursor, Ca(thd)

easily into CaS due to the isomorphism of the crystal structures ofcOntaining oxygen. ) _ )
Figure 1 shows the dependence of CL intensity of 200 nm thick

dantly in the lattice with increasing concentration ofPions?-2 must accelerate the dearadation of bhosphor films compared to a
Contrarily, the present authors reported that the size of aggregates 9 phosp P

could be controlled by changing the deposition sequence of CaS anulsed e-beam irradiation. The previous work had reported that the
PbS, and that blue EL emission peaked at 440-445 nm and could be
maintained with the Pb concentration ranging from 0.3 to 1.3 atom
% by using a controlled atomic layer depositighLD) technique’®
Longer wavelength emission can be also obtained by controlling the
incorporation method of PB ions into the CaS host matrixThe
authors also presented that CaS:Pb phosphor revealed high-
luminance blue cathodoluminescen(&Li).* 100

In the present work, the effect of e-beam irradiation was inves-
tigated on CL and materials properties of CaS:Pb phosphor depos-
ited by the controlled ALD. First, the dependence of CL intensity
and wavelength of the CaS:Pb thin film phosphor was studied with
the e-beam irradiation time. Then, the materials degradation induced
by e-beam irradiation was clarified using structural and composi-
tional analysis techniques.

In the ALD of CaS:Pb thin films, Ca(thd)(thd is 2,2,6,6-
tetramethyl-3,5-heptanedionatéd, S, and Pb(GHs), were used as
the precursors of Ca, S, and Pb, respectively. The deposition tem-
perature was 390°C and the reactor pressure was approximately 4 20T
Torr during ALD. E-beam irradiation and CL measurement were
carried out in a vacuum chamber of fOTorr. The acceleration . ) L . .
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voltage and the current density of the e-beam were 1 kV and 0
25 wA/c?, respectively. The films were characterized using Auger 0 50 100 150 200
electron spectroscopfAES), X-ray diffraction(XRD), X-ray pho- E-beam Irrad. Time (min)

Figure 1. Dependence of CL intensity of 200 nm thick CaS:Pb film on the
Z E-mail: sjyun@etri.re.kr time of e-beam irradiation.
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Figure 2. CL spectra of as-deposited CaS:Pb film compared to that obtained
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decrease of CL intensity of CaS:Pb thin film phosphor had been
slower than that of a ZnS:Ag,Cl powder phospliarcommercial

product)under the same experimental conditfon.

According to the previous works describing the preparation of
CaS:Pb phosphor film, the wavelength of Plemission was sensi-
tively changed by varying the binding states or the environment of
the luminescent ions due to Phion with & outer shell electron
configuration®? In the present work, the peak positions of CL spec-
tra of CaS:PH0.5 atom %)and CaS:Pl§0.8 atom %)films were not
shifted even after the CL intensities were decreased to 40 and 50%
of the initial values by e-beam irradiation, respectively. Figure 2
shows the CL spectrum of as-deposited Ca$P® atom %)ilm in
comparison with that obtained after decreasing CL intensity down to
the 50% level by e-beam irradiation. This result indicates that the
binding state of each luminescent center ion illuminating CL was

not changed by e-beam in the host matrix.

Intensity(a.u.)

C-before
—— O-before

\ — + -+ C-after
" = = = O-after

40 80 120 160 200 240

Etch Time (Seconds)

C31

Figure 4. (a) Plan-view TEM image of as-deposited CaS:Pb filim), plan-
view TEM image of e-beam irradiated CaS:fb precipitates are indicated
by arrows), andc) high-resolution image showing a trace of Pb precipitate
(the interplanar spacing of 0.201 nm corresponds to{220} plane of CaS
host).

The analyses of CaS:Pb thin films were carried out to clarify the
reason for the CL intensity decrease. XPS and RBS study indicated
that the content of Pb was not changed by e-beam irradiatimn
data not shown heyeThe results revealed that the out-diffusion of
Pb was not induced by e-beam irradiation contrary to the effect of

Figure 3. AES depth profile showing C contamination on CaS:Pb surface 'apid thermal annealingHowever, surface analyses using XPS and
region by e-beam irradiation for 60 min, compared with that of a nonradiatedAES indicated that the e-beam irradiated surface of the CaS:Pb film

CasS:Pb surface.

was heavily contaminated by a carbonace@$ compound. Figure
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Table I. The concentration of constituents in CaS obtained using observed and explained to be induced by thermal and charging effect
EDX before and after e-beam irradiation for 180 min. of the e-beand.The high resolution TEM image in Fig. 4c shows the
trace of a Pb precipitate that was taken just after eruption of Pb by

Sample Grain Large the focused e-beam irradiation. The results in Fig. 1 and 4 indicated
description Element Grain  boundary area that CL degradation by e-beam irradiation was mainly due to the
As-deposited Ca 500 295 183 formation of Pb precipitates _be_cause the metallic Pb precipitates did
CaS:Pb S 490 499 509 not contribute to the CL emission.

Pb 1.0 06 08 A possible mechanism to form the Pb precipitates could be the
E-beam irradiated Ca 48.4 neutralization of ™ ions to € in PbS ionic bonding through Auger
CaS:Pb S 50.9 electron transition induced by e-beam irradiatfothen ionic
for 180 min Pb 0.7 bonded PB' ions are released from the network bonding in ionic

lattice. Under the local repulsive electrostatic interaction produced
by secondary and Auger electron excitation in the illuminated area,
3 shows the depth profile of e-beam irradiated surface in comparisoithe Pb ions can be moved from their original sites and neutralized by
with that of as-deposited CaS:Pb film. The AES depth profsesit- electrons. The earlier work had reported also that oxidizéd Rins
ter rate~0.1 nm/s) indicated that 60 min of e-beam irradiation pro- €asily formed metallic precipitates by e-beam irradiation.
duced a C contamination layer of 10 nm. The thickness was not Table | shows the concentration of constituents in CaS:Pb thin
sensitively changed by varying the irradiation time. Only in view of film before and after e-beam irradiation. The concentration was ob-
penetration depth of electrons, the C contamination was not thoughtained during TEM observation using EDX. As listed in Table I, the
to be a main reason of the CL intensity decrease, because the pegoncentration of Pb ions inside a grain of as-deposited CaS:Pb film
etration depth of the e-beam into CaS:Pb film was deeper than 10@as higher than that in the grain boundary. However, only the aver-
nm under the experimental conditions used in this work as reportecdge Pb concentration of the e-beam irradiated sample could be ob-
in the previous work. However, the effect of surface electron-hole tained over a large area because the Pb precipitates were rapidly
recombination on luminance efficiency is very important in the caseevaporated by the focused e-beam during analysis. The average Pb
of an acceleration voltage as low as 1 k¥urther study on the concentration of the e-beam irradiated sam@lg’ atom %)was a
surface recombination effect is being carried out to clarify the con-little lower than that of the as-deposited sam{e8 atom %), and
tribution of C contamination on CL degradation of a CaS:Pb the slight decrease of Pb content is thought to happen during TEM
phosphor. analysis. The results implied that e-beam irradiation did not elimi-
Generally, the source of C contamination has been considered tpate Pb atoms from the phosphor layer but induced the precipitation
be the carbon-containing residue in the phosphor that was incorpoof metallic Pb.
rated during the preparation of phosphor materials. However, in the In summary, the degradation of CaS:Pb thin film phosphor
present work, the source of carbon might be residual gas or somgaused by e-beam irradiation was investigated on luminescent and
contaminant in the vacuum chamber of $0Torr, because the Mmaterials properties. The concentration of Pb was not decreased but
CaS:Pb film deposited by ALD did not contain a detectable amounithe CL intensity was decreased to 40% of initial intensity by 180
of carbon. The residual gas molecules containing carbon might admin of e-beam irradiation. The present study clarified for the first
sorb easily on reactive sites produced by e-beam irradiation, andime that the decrease of CL intensity was caused by the reduction of
then give rise to a C layer by continuous e-beam. The C layer wad’ “-luminescent center ionge., by forming the metallic Pb pre-
also observed even on the surface of bare Si wafer after 60 min ofipitates.
e-beam irradiation under the same experimental condition.
Structural analysis using XRD and TEM was carried out to ob- Acknowledgment
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