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Alkaline earth sulfides (MS = Ca$S, SrS and BaS)
have been found to be suitable hosts for cathode tube
phosphors but they have not replaced ZnS in large
scale applications. Activated MS phosphors are also
potential materials for powder type DC operated
electroluminescent (EL) devices [1]. Recently, the
alkaline earth sulfides doped with lanthanoids have
been studied as EL materials in AC operated thin
film devices [2—4]. The aim of the investigations was
to find phosphors for a full color flat EL device.

The preparation of MS thin films by the tradi-
tional methods (e.g. sputtering or evaporation) is
more difficult than that of ZnS which is the com-
peting host material. The reason is the refractory
nature of MS and their tendency to form non-
stoichiometric compounds.

Lanthanoid ions, having allowed electronic transi-
tions (Ce®* and Eu?'), can be successfully excited
by an electric field in MS hosts, whereas for some
reason the ZnS host favors ions with forbidden
transitions (e.g. Sm*" and Tb*) [5]. Promising
results have been obtained with CaS:Ce®* (green
emission with maxima at 505 and 570 nm), SrS:Ce>*
(blue—green, 475 nm) and CaS:Eu?* (red, 650 nm)
[3,6,7]. Low EL brightness values have earlier been
reported for CaS:Tb>" but in a recent work much
higher values have been obtained [8]. Recently, a
review article on EL materials has appeared [9].

In the present work the Tb3*-doped MS (M = Ca,
Sr and Ba) thin films have been grown by the Atomic
Layer Epitaxy (ALE) method. We have earlier grown
lanthanoid-doped ZnS thin films by the same method
[10, 11].
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Experimental

Preparation of the MS:Tb>* Thin Films

The thin films were grown on a glass substrate by
the ALE method using the thd-chelates (thd = 2,2,6,6-
tetramethyl-3,5-heptanedione) of the alkaline earth
metals and terbium as starting materials. The sulfur
source used was H,S. The substrate temperature
was about 720 K. The activator content of the
films was controlled by changing the interval of
Tb(thd); pulses between the M(thd), and H,S
pulses. The terbium contents of the films used in this
study were typically a few mole per cent. No co-
activator was used to balance the difference in the
oxidation states between Tb>* and M?*.

The quality of the thin films was studied by X-ray
methods, as described earlier [10—12]. MS thin films
of good crystallinity can be grown by the ALE
method and the difficulties present in evaporation
methods can be avoided. The results of X-ray diffrac-
tion studies have been presented elsewhere [13]. The
film thicknesses and the activator contents were
determined by X-ray fluorescence {12—14].

Optical Measurements

The luminescence of MS:Tb>* (MS = Ca, Sr and
Ba) thin films was excited by conventional UV radia-
tion. A 200 W mercury lamp with wide-band filters
provided a global excitation between 250 and 300 nm.
This wavelength corresponds to the strong 4f% —
4f75d absorption band of the Tb>" ion in MS.

The luminescence of the MS:Tb*" thin films was
recorded at two sample temperatures, both at the
ambient and liquid nitrogen temperatures. The emis-
sion was dispersed by a 1-m Jarrell-Ash mono-
chromator and detected by a Hamamatsu R374
photomultiplier. The visible wavelength range
between 400 and 700 nm was scanned.

Results and Discussion

The Tb**-doped thin films of alkaline earth (Ca, Sr
and Ba) sulfides show intense green luminescence
under UV excitation (Fig. 1). The emission color is
due to the strong 5D, = "Fs transition between 544
and 551 nm. Supplementary lines corresponding to
the transitions from the *D, level to the "F;, 'F, and
7F¢ levels can be found near 623, 585 and 493 nm,
respectively. The sample temperature has no signifi-
cant effect on the color of the emission. The liquid
nitrogen temperature usually enhances transitions
from the higher excited °D; level to the "F; (J =
0-5) ground term, which correspond to the groups
of lines in the blue region of the spectrum. The
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Fig. 1. Part of the photoluminescence spectrum of the Ca$:Tb3* thin film recorded at 77 K when excited with UV radiation

between 250 and 300 nm.

absence of the D3 — "F; transitions may be due to
the relaxation of the excitation energy through multi-
phonon processes involving the lattice vibrations.
Another means of de-excitation can occur through
an interaction between the 4f75d configuration
which is at low energy in the Tb3" ion.

The emission spectra of the Tb>* jon in all alkaline
earth sulfides studied are rather similar to one
another. This indicates that the Tb3* jons occupy
sites of similar symmetry irrespective of the host
matrix. The alkaline earth sulfides have a sodium
chloride type structure with the host cation occupy-
ing a site of octahedral symmetry. As a consequence,
the electric dipole transitions should in principle be
forbidden for a Tb3 ion in such a site due to the
presence of the inversion symmetry. However, the
introduction of a trivalent Tb3* ion into an M?* site
creates distortions in the crystal structure due to the
charge compensation effects. The distortions destroy
the octahedral symmetry of the Tb3" site, thus break-
ing the electric dipole transition rules and these
transitions become weakly allowed.

There exist several ways to accomplish the charge
compensation of the Tb>* ion in an MS lattice, e.g.
the creation of vacancies and/or interstitial jons,
conserving, however, the overall stoichiometry of the
bulk of the lattice. In any case, no preferred combina-
tion between the Tb3' ion and the species of the
charge compensation can be assumed. The great
number of different Tb>" sites leads to a complicated
crystal field fine structure within the D4 F;
transitions, which is actually observed experimentally.

The magnitude of the distortions due to the charge
compensation seems to be rather limited since the
sharp lines due to the transitions between the differ-
ent Stark components form groups. The number of
these groups of lines for the *D, > "F; (/=3-6)
transitions corresponds to the splitting of the ’F;
levels in an octahedral site symmetry, ie. 3,4, 4 and
6 for the J values equal to 3, 4, 5 and 6, respectively.
The distortions and the weak splitting of the 3D,
emitting level render the transition selection rules
inefficient, which results in the presence of transi-
tions between all Stark levels.

The conservation of the original octahedral site
symmetry is supported also by the high intensity
ratio between the *D, - 'F5 and the pure electric
dipole D, — "F¢ transitions. The D4 - 'F; transi-
tion has been shown to possess a considerable
magnetic dipole origin being thus allowed in the
presence of an octahedral symmetry.

The crystal field splittings of the ’F, levels
amount to a few hundred cm™! (160, 230, 240 and
320 cm ! for the "Fs, "F,, 'F5 and "Fg levels,
respectively) which indicates a relatively weak crystal
field effect. The splitting of the emitting *D, level is
very weak since an increase in the sample temperature
induced no supplementary lines on the high energy
side of the D, = "F; transition measured at 77 K.

As a final remark it should be noted that the
Tb* ion yields in alkaline earth sulfide matrices
intense electroluminescence, too, and thus this
activator/host combination appears to be a promising
candidate for a green phosphor in EL devices.
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