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We used quasi-molecular beam epitaxial method to prepare 2nS:Erf, thin film and obtained {centex !
FrFq Dumocen in 2095 thin film. It was found for the first time tgat the impact cross section of ters (c&
ErFy Lamocen, about 8 X 10~16cné, was larger than that of Er3t centers. Er3+- ™
1. INTRODUCTION EuF,, Er) yapors. Tre AC EL Spectra of ZnS:ErF,
The inpact Cross gection of luminescent cen- and ZnS:Er * thin films have been measured at
ters is a very important parameter for electro- 77K, shown in Fig.l. Some lines are common in ¢
luminescence in which direct impact excitation spectra of ZnS:Erf, and ZnS:Er3+, and some llnes
by hot electrons is t+he dominant excitation me- only appear in the spectrun of ZnS:E.x:F3° We ex-~ [
chanism. Up to now, only Mullar et ak.l and Xu pect that common lines are related to Br * cen~
\ Xwgu et al; obtained the cross sections of ters, the latter lines are related to ExFy
Mo®" and Er” in ZnS thin films experimentally. Lurocen . B
The concept of Lumocen was proposed in 1968 by :
Kehng. The molecular centers, such as ExF,, are z ZnS-Er?‘
expected to have larger impact cross section i :
than ion centers in favor of higher efficiency é 77K Fmissic
and brightness. But so far there are no experi- -
rental results about the impact Cross section of ' 7 nS:ErF3 By
Tumecen. In this work, the samples of Lumocen, kinds -
ZnS:ErF3 thin Films, were prepared. We have used tions
high-resolution spectroscopy wxler laser selec- Pl follcw
tive excitation {LSE} and electric field excita- 18450 17600
. 3t . ENERGY (crrl)
tion to study ZnS:ErF3 and ZnS:Fr~  thin filws,
distinguished two kéj:ds of luminescent centers, FIGIRE 1
Ex¥, Lumnocen and Er”' ion centers.The impact EL spectra of ZnS:Erfy and ZnS Bt where
cross section of ErF3 Lumocen was_ti.?iuczzed for . tive -
the first time to be about 8 X 10 “em’ which is To prove the expectation, EL of 7nS:Eufy thist inter
larger than that of Er3+ ion centers. film which was prepared by quasi-molecular beam.: denot
epitaxial method was measured. The red electror "
2. RESULTS AND DISCUSSION umisescence was chserved. Tt is kpown that
2.1 Preparvation of ExFg Lumocen europium ione in metallic form exist in the &~ oer
To avoid a decomposition of ErFB, we used valent state in 2ZnS, which emission is blﬂe‘ H
quasi-molecular beam epitaxial method to prepare When eurcpium is introduced in EuF., form, euro” ]
ZnS:ErF3, ZnS:Er3+ and ZnS:EuF3 thin fiims, by pium ions are in trivalent state, emission 18 . M
means of a rotating substrate holder and appro— red. Since our preparation method produced 20 tainy
priate masks to seperate ZnS and C (C = EEFB, BuFy sanples which have red emission, Pufy only
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[AOCER is expected to exist in our sanple, so
does EK‘F3 Lampeen.

2.2. Different centers in Z.nS:ErF3

We xnow there are two kinds of centers in
Zns:gf?y We used LSE technigque to distinguish

the emission spectra and excitation spectra of

E:% Lagnocen and ‘.*:1'3+ Centers. Erz«"3 Lumoocen
(center A) only exists in ZnSixF, and £ cen-
ters {center B) exist in both ZnS:Erf, and ZnS:

3
Er3+- Their emission spectra are shown in Fig.2.

ained
s section of

tra of ZnS:Ex:E‘3
:n measured at E
are common in é 77K centerB
"
, and some lineg P
inS:ErF3. We ex-
3+ terly
ed to Er” cen-
=d to Eh:F3
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FIGURE 2

Emission spectra of center A and center B
3 By comparing the emission intensities of two

kinds of centers, the ratio of the concentra-

tions of two kinds of centers was deduced as
hN{ : follcrws:z
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where I, Pr, F, |+ are emission intensity, radia-

tive transition probability, laser excitation

intensity and frequency respectively, A and B

dencte E:cf’3 and Er3+ centers respectively.
TABLE 1

of ZnS:Buf, thin .
i-molecular beam
Ihe red electro-

3 knownB that

14
sxist in the di~ - center F{r.u.} Pr{xl{}4/5) I(r.a.) L(x107 /)
sion is blue. A 0.9 2.51  0.397 5.75
uF; form, ewroT B 1.1 2.45 1.0 5.72
3, emission 18 Measured data are shown in Table 1, we ob~
tained N, /Ng = 0.48. The ratic indicates that

3 produced IZnS:
ssion, BuFy anly one third FrFy exist in ZnS lattice in form

B. Luw er al. / ErF, centers in ZnS thin film 787

of Limnocen.

2.3. Impact cross section of ErF3 Lumoccen in

Zns.

The EL spectrum of ZnS:ErF3 thin film can be
deconposed into emissiom spectrum of ErF3 cen-
ters and that of Er3+oenters. The ratio of in-
tensities of two kinds of centers can be deduc-
ed, IAm'/IiSL = 4.9I,/1, where I,/T = 0.397 (see
Table.1}.

’Ihus,wehavez,
A
9 e N L%
og. B “4'91N
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Using the value in Table.l and the value of the
impact cross section of Er3+ oentersz, the im-
pact cross section of Er¥q Lumocen was deduced
to be approximately 8 X 10716cm? (+45%)

In reference 4, we know, F=C1 + 0y,

O ~a-Pr,0,=b L2,
where Pr is radiative transition probability,
<r®= [®E r? R, rar, R is the radial pact of
the 4f electrons wave function.

Since the Pr of two kinds of centers are ap-
proximately same, the difference of the cross
sections of two kinds of centers is originated
from 62
centers is taken to be 0.883, Erf, molecular ra-
dius is taken to be about 3.6A, 'I‘he()"2 of BxF

3
centers is 280 times bigger than that of g3t

. As an approximation, <rl>»of Erot ion

centers.{)’2 of Er:?’Jr centers is about 300 times
smaller than O} of Er3t oenters4,but o, and O,
of ErF. centers are in the same order. Thus, the

3

larger geometic cross section <r2>of ‘1“:1;:?3

Lumocen may make their impact cross section e
larger than that of Er-' centers.
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