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Photostimulated Ga diffusion in zinc sulfide
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Effect of coherent illumination (using LGI-23 and LGN-222 lasers) of ZnS powders
during thermal annealing on zinc sulfide structure properties and on Ga diffusion in ZnS
has been studied using photoluminescence method. The photostimulated Ga diffusion in
ZnS is shown to be more efficient when the material is illuminated at A = 632.8 nm as
compared to the UV illumination. Illumination by He—Ne laser during the annealing
results in appearance of a band at A, =470 nm in the photoluminescence spectrum as
well as in an afterglow (10 s).

TIpoBenensl (HOTOMIOMUHECIEHTHBIE HCCJIELOBAHUS BJIUSHUSA KOT€PEHTHOT'O CBETOBOTO 00-
nyueHus (MCIOJIB30BaJIOCH uaiaydenue Jjazepos JITM-23, JITH-222) mopomkos ZnS B mpormec-
ce WX TePMHUUYECKOTO OT/KMI'a HA CTPYKTYpPHBIE CBOlcTBa cyiabduaa nuHka u auddysuio Ga B
ZnS. Ilokasamo, uro crumyaupoBanHad nuddysus Ga B ZnS GoJiee YCIEIIHO peasu3yeTrcs
npu obJydeHUH MaTepuajaa uajaydeHumeM ¢ A = 632.8 HM 1o cpaBHeHHIO ¢ Y@ HU3IydYeHHEM.
O6ayuenue He—Ne sasepom B mpoliecce OTKHUra IPUBOAUT K IOABIEHUIO B cuekTpe DJI
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IIOJIOCKI Amax =470 uM, a Takke mociecBeuenus (10 cex).

Today, a big attention is given to study
of ionizing and micro-wave irradiation in-
fluence on degradation processes in solids
(metals, alloys, and semiconductors). The
studies of light illumination influence on
semiconductor properties are still actual.
There are few works aimed at photostimu-
lated diffusion and the data presented are
often contradictory [1—-4]. However, studies
of photostimulated diffusion and its fea-
tures has a considerable scientific and prac -
tical interest. The purpose of this work is
studying of the effect of coherent light illu-
mination of ZnS powder during thermal an-
nealing on its luminescence and structure
properties as well as on Ga diffusion in ZnS.

Investigated ZnS powders (ET0.035.295
TU) were annealed at 800°C under limited
access of environmental atmosphere in the
presence of Ga metal at simultaneous illu-
mination either by A =3837.1 nm (LGI-23
laser) or A = 632.8 nm (LGN-222 laser).
Powders were investigated for structural
changes of the lattice as well as for the
possibility of Ga diffusion under light illu-
mination. The LGN-222 power was about
50 mW/cm2, the LGI-23 pulse had about
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1.5 kW/cm?2. The laser and the furnace
were switched on and off simultaneously.
The sample heating due to light irradiation
was neglected since it was within the accu-
racy limits of the annealing temperature
control. The annealing was carried out
within time intervals of 30 to 60 min in a
tubular quartz furnace with temperature
control accuracy of at least £10°C. The fur-
nace heating time up to the annealing tem -
perature was 10 to 15 min, the cooling time
about 2 h. The reference samples were an-
nealed in the same temperature and time
conditions but without external irradiation.
To restrict the environmental atmosphere
access, a gas seal made from activated carb -
on was used. The photoluminescence (PL)
spectra were recorded using a KSVU-23
with nitrogen laser (A = 337.1 nm) as the
exciting source. Investigations were made
at room temperature. PL spectra were meas -
ured immediately after samples annealing
and cooling to the room temperature.

It is seen from Fig. 1 that the PL spec-
trum of initial (unannealed) ZnS powder is
a rather broad complex band peaked about
A 500 nm and with half-width of about
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Fig. 1. PL spectra of ZnS powders: initial (1),
annealed at 800°C (2), annealed at 800°C
under UV irradiation (3).

100 nm. Thermal annealing of that powder
at T = 800°C results in the half- width re-
duction down to about 80 nm and in a shift
of the main PL maximum (A,,, = 515 nm).
These changes in the PL band character are
due mainly to the extinguish of lines form -
ing its short-wavelength edge, what results
eventually in the maximum position shift of
the band as a whole. In non-activated ZnS,
the A,,,, = 515 nm band is ascribed to the
emission of self-activated ZnS [5] as well as
to changes in sulfur sublattice [6, 7]. The
spectral redistribution of PL intensity re-
sulting from anneal is caused by several
factors. Sulfur is well-known to be the vola -
tile component of zinc sulfide [8]. There-
fore, heat influence on ZnS results in sulfur
desorption and increased concentration of
sulfur vacancies (Vg). The powder annealing
causes also removal of radicals from the
material surface [9].

UV illumination of ZnS powder during
annealing results only in an insignificant
increase of the PL spectrum half-width up
to about 88 nm. This increase is due (as is
seen in Fig. 1) to the shift of long-wave-
length spectrum edge towards longer wave-
lengths by about 8 nm, the short-wave-
length edge position remaining unchanged.
The PL maxima are coincident in both
above cases.

The Ga metal presence at the ZnS pow-
der annealing results in the PL band half-
width reduction down to 70 nm due to de-
creasing of its short-wavelength edge. This,
in turn, results in that the PL maximum is
shifted by 5 nm (A,,,, = 520 nm). The com-
parative analysis of PL spectra for ZnS
powders (Fig. 2) annealed in the presence of
Ga metal under simultaneous coherent illu-
mination has shown that the PL band max-
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Fig. 2. PL spectra of ZnS:Ga powders: an-
nealed at 800°C (1); annealed at 800°C under
UV irradiation (2); annealed at 800°C under

illumination at A = 632.8 nm (3).

ima (A,,,, = 510 nm) are the same as well
as their long-wavelength edges. Moreover,
the coherent irradiation during the anneal-
ing results in that the whole spectrum
shifts by 10 nm towards shorter wave-
lengths, while the UV illumination without
Ga metal causes only the long-wavelength
edge shift without PL maximum shift. In
literature [7], the bands peaked at 505 to
510 nm are ascribed to formation of a
ZnO(ZnS), solid solution but only at x <
0.3.

While the PL maxima (A,,,, = 510 nm)
are the same and long-wavelength edges,
the PL spectrum half-width increases up to
100 nm in the case of He—Ne laser action
(Fig. 2, curve 3). This is due to increased
intensity of bands forming the short-wave -
length PL edge. Moreover, the PL edge
shape points to the presence of at least one
line in the region of 470 nm. In [10, 11],
this line is ascribed to Ga presence in ZnS.
It has been supposed [10, 11] that the CA
center model in non-activated ZnS may be
similar to that of blue emission centers in
ZnS activated with 3B subgroup elements.
Emission of those centers is due to recombi -
nation of electrons trapped at shallow Ga“,
donors with holes at A centers of
{V';,Ga",,}) type. In non-activated ZnS, the
CA center may include interstitial Ga as the
Zn; donor and A center {V’;,Zn"}' as ac-
ceptor.

Afterglow (up to 10 s) is one more fea-
ture of ZnS powders annealed in the pres-
ence of Ga under He—Ne laser irradiation.
This allows to conclude that such a treat-
ment of ZnS powders results in formation
of deep traps (or activation those present in
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the material) capable of capture a fraction
of excited carriers. According to calcula-
tions presented in [12], the trap level depth
E; at room temperature can be estimated to
be about 0.5 eV in this case. Thus, the UV
illumination of ZnS powder during its an-
nealing can be concluded to result neither
in any essential changes in the PL proper-
ties of ZnS nor in Ga diffusion activation
into ZnS lattice. The possible reason is that
the UV energy is absorbed essentially com -
pletely within a very thin surface ZnS layer
and so does not penetrate into the material
volume. The LGI-23 emission is higher than
the fundamental absorption edge even at
room temperature, as at 800°C it exceeds
the absorption edge by about 0.5 eV.

At the temperature increase during the
annealing, the band gap of the material varies as

E, = Eg - kAT; (eY)

where & is the bias factor, £ = 6.0x1074 eVK !
[5].

Knowing the band gap width at 300 K,
E,=3.709 eV [5], and using (1), the E,
for 1073 K can be estimated as 3.245 eV.
There is another situation as ZnS powder is
illuminetad by a He—Ne laser during the
annealing. The PL studies show an in-
creased Ga diffusion rate in ZnS. This ef-
fect can be elucidated by the model where
electrons (or holes) localized at both surface
and volume structure defects act as Ga
trapping centers. The illumination causes
changes in the value of the ionization of the

structure defects, in other words, the elec-
tron and hole occupancy of corresponding
local levels. Thus, the trapping center con-
centration becomes changed and, as a conse -
quence, the material surface absorbability.

To conclude, the photostimulated Ga ab-
sorption in ZnS is more efficient under illu-
mination by A =632.8 nm light as com-
pared to that at UV illumination.
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T.S.Ro-

dorocTumyaboBaHa nudysia Ga y cyasdigi muHKy

I0.10.Bauepixoé, C.B.Onmaciwoxk, B.€.Podionos, O.A.Cmadnux

ITpoBemeno (oTONMIOMiHECIIEHTHI MOCIHiAKEeHHS BILIMBY KOTE€PEHTHOTO CBiTJIOBOTO OIIPOMi-
HeHHA (BUKOPHCTOBYBAJOCh BUIIPOMiHIOBaHHSA Jjasepis JITU-23, JITH-222) mopomkis ZnS y
npomneci X TepmiuHOrOo Bigmany Ha CTPYKTYypHI BractuBocti cyabdiny muuKy i qudysio Ga
y ZnS. Ilokasamo, 1o crumyaboBana agudysia Ga y ZnS 6inplr ycminrao peasnisyeTbes mpu
ONpOMiHEHHI Marepianxy BUIpoMiHIOBaHHAM 3 A = 632.8 nm y nopisuanHi 3 Y® BUIpOMiHIO-
BauHsaM. Onpominmenns He—Ne masepom y mporeci Bigmamy npuBOoguTb O HPOABIEHHS B
cmextpi @JI cmyru A, = 470 HM, a Takox micaacsitinra (10 cek).
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