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Influence of cobalt impurity on the optical absorption and photoconductivity spectra of
zinc selenide crystals has been considered. Basing on optical and electrophysical studies
results, the scheme of electronic transitions in the investigated crystals is presented.

Paccmorpeno Biaumsinme mpuMecu Ko0OAJbTa Ha CIEKTPBI OINTHUYECKOTO MOIVIOIIeHus u (o-
TOIPOBOAMMOCTA KPHCTAJIJIOB CeJleHHAa IHHKA. Ha OCHOBAHMU PE3yJIbTATOB OITHUYECKUX U
JIEKTPOPUBUUECKUX KCCIENOBAHUI MIPEICTABIEHA CXeMa dJEeKTPOHHBLIX II€PEeXO0J0B B HCCJIe-

IyeMbIX KPUCTAJJIAX.

The interest to research of wide-band
semiconductors of the A,Bg group is in-
creased considerably during last few dec-
ades in connection with the development of
ZnSe-based semiconductor light emitting di-
odes and lasers for the green-blue spectral
region. Moreover, the study of A,Bg group
compounds doped with transition elements
(Cr, Co, Ni, Fe, etc.) is an actual task today.
This is due to the fact that the intracenter
transitions in unoccupied 3d shells of those
atoms are typical of such crystals, namely,
the absorption and luminescence having a
spectrum in medium IR range (1 to 5 pm)
and a high quantum yield. The absorption
and luminescence spectra under study are
rather close to one another and the Stokes
loss in minimal in this case. The crystals
being studied may be used as active media
for compact lasers with tunable IR emission
wavelength. Such lasers are applied in
medicine, biology, optical communications
as well as in various spectroscopic investi-
gations, e.g., for optical identification of
chemicals. In particular, laser generation in
chromium-doped ZnSe crystals has been re-
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ported [1]. The transmission of ZnSe:Co, Fe
crystals in IR region is nonlinear. That is
why these crystals are use as passive gates
for IR lasers. The interest in such lasers is
due to the fact that the emission of those
lasers is believed to be safe for sight. There-
fore, those can be used in range-finders [2].

The purpose of this work is to study the
effect of cobalt dopant on the absorption
and photoconductivity spectra of zinc se-
lenide crystals as well as to define the na-
ture of optical transitions therein.

The ZnSe:Co crystals were obtained using
the diffusion method where powdered cobalt
metal was used as the dopant source [3]. The
undoped ZnSe crystal and the cobalt powder
were placed into a quartz ampoule that was
then evacuated down to 1073 Torr, then
filled with argon and evacuated again. The
diffusion process was carried out at 1173—
1273 K for 5 to 10 h. The optical density
spectra were measured using an SF-46 dif-
fraction spectrophotometer (in visible re-
gion) and an MDR-6 monochromator with
600 lines per millimeter grating (or 325
lines per millimeter in IR region of 1 to
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3 um). The optical density spectra were
measured at 77 and 293 K. To study the
photoconductivity spectra, indium contacts
were applied onto the ecrystal surface by
vacuum burning-in at about 600 K.

The doping of ZnSe crystals with cobalt
results in a shift of the absorption edge
towards lower energy from 2.76 eV for un-
doped crystals down to 2.33 eV for those
annealed at 1273 K. Such a considerable ab-
sorption edge shift (by 0.43 eV) evidences
the formation of a Zn,_,Co,Se solid solution
having a narrower band gap. When inter-
preting the optical transitions in ZnSe:Co,
the calculated energy spectrum data for co-
balt [4] were used. In the low-energy wing
of ZnSe:Co absorption edge, a series of
weak absorption lines have been found at
2.86, 2.43, and 2.55 eV (referred to as L,
M, N lines). The same series has been re-
vealed in the ZnS:Co absorption spectra, al-
though those being shifted by 0.18-0.19 eV
towards higher energies as compared to the
L, M, N lines in ZnSe:Co crystals; at the
same time, the difference in energy values
corresponding to the band gap for the crys-
tals amounts about 0.8 eV. This suggests
that the L, M, N lines in both ZnS and
ZnSe crystals are due to intracenter transi-
tions 4A2(F)—>2T1(H) occurring within co-
balt ion. At the same time, the L, M, N
lines were not observed at the low-energy
wing of ZnTe:Co spectra. This is due to the
fact that the position of the fundamental
absorption edge in ZnTe corresponds to an
energy lower than that of optical transitions
for the L, M, N lines.

The optical absorption of ZnSe:Co crys-
tals in the near IR region is characterized
by lines at 1.64, 1.71, and 1.77 eV (Fig. 1).
The 1.64 eV line is due to *A,(F)—>4T(P)
transitions within cobalt ion. Other two
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Fig. 1. Optical absorption spectra of ZnSe:Co
crystals in IR region.

lines have been observed by us for the first
time. Perhaps those are due to transitions
onto split 4T1(P) states of cobalt ion result-
ing from the spin-orbit interaction. In the
medium IR region, the absorption bands are
observed in two ranges referred to conven-
tionally as the medium-1 and medium-2, the
maxima of those bands being at 0.83, 0.75
and 0.43 eV (Fig. 1). The two first bands
correspond to the 4A,(F)—>4T,(F) transitions
within cobalt ion while the third one, to the
4A,(F)>4To(F) transition Dbetween the
ground 4A2(F) and the nearest excited
4T,(F) states of cobalt ion. Similar absorp-
tion lines were observed in ZnS:Co and
ZnTe:Co crystals.

The spectral analysis results for ZnS:Co,
ZnSe:Co, ZnTe:Co crystals are summarized
in Table. The Table presents the values of
optical transition energy corresponding to
specific absorption lines as well as the lat-
tice constants (a), band gap widths (Eg) for
the samples studied, and radii (R) of anions
surrounding cobalt ion in the semiconductor
crystal lattice. The changes in elemental
composition of the semiconductors under
study is seen to result in a spectral shift of
the absorption lines in all the observed

Table. Spectral positions (eV) of cobalt absorption lines in ZnS, ZnSe and ZnTe crystals at 77 K

Crystal ZnS ZnSe ZnTe
Absorption edge 2.73 2.61 2.55 2.55 2.43 2.36 -
LA, (F) T, (H)
IR re- | Near A (F)>*T,(P) | 1.86 | 1.80 | 1.78 | 1.78 | 1.71 | 1.64 | 1.53 \ 1.47 ‘ 1.38
gton Medium-1 0.86 0.83 0.73
4AL(F)>*T(F) 0.76 0.75 0.67
Medium-2 0.43 0.43 0.43
4AL(F)>4To(F)
a, nm 0.541 0.567 0.610
E,, eV (300 K) 3.78 2.68 2.28
R, nm 0.184 0.191 0.211

Functional materials, 14, 4, 2007

427



Yu.F.Vaksman et al. / Optical absorption and ...

Fig. 2. Photoconductivity spectra of ZnSe:Co
(1) and ZnSe (2) crystals.

wavelength ranges. In particular, the ab-
sorption lines are shifted towards lower en-
ergy in the anionic sequence S—-Se-Te. That
shift cannot be due to changes in the band
gap width, since the E_, variation in Zn§S,
ZnSe, ZnTe crystals exceeds considerably
the low-energy shift of the spectral lines.
Moreover, the consideration of absorption
spectra shows clearly that the spectra are
due to intracenter transitions. At the same
time, for the intracenter absorbing and
emitting transitions, there are two possible
reasons for the spectral line shifts depend-
ing on the crystal elemental composition
[5]. First, it is known that the covalence
factor decreases in the S—Se-Te series, that
should result in a high-energy shift of the
absorption bands, while just a low-energy
one is observed ZnS, ZnSe, ZnTe crystals.
Second, the line shift might be influenced
by a geometry factor taking into account
the crystal field change resulting from in-
creasing radius of anions surrounding the
Co2* jon. In the ZnS, ZnSe, ZnTe sequence,
that factor should cause a low-energy shift
of the spectral lines, just the same being
observed in experiment. Thus, the observed
dependence of the spectral position for co-
balt absorption lines on the elemental com-
position of ZnS, ZnSe, ZnTe crystals is ex-
plained by increasing anion radius in the
S-Se-Te sequence. This conclusion is con-
firmed by the fact that the ZnTe:Co ab-
soprtion line shift as compared to ZnSe:.Co
exceeds appreciably that of ZnS:Co in rela-
tion to ZnSe:Co. This is consistent with the
ratio of ionic radii for sulfur, selenium, and
tellurium.

The crystals under study were photosen-
sitive in the light quantum energy range of
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Fig. 3. Scheme of optical transitions within
Co?* ion in ZnSe:Co crystals.

2.3 to 2.8 eV. The photoconductivity (PC)
spectrum of ZnSe:Co crystals is shown in
Fig. 2 along with that of undoped ZnSe.
The undoped crystals have shown a single
photoconductivity band peaked at 2.65 eV
at 300 K (Fig. 2, curve 2). That band is due
to interband optical transitions. As is seen
in Fig. 2, introduction of cobalt results in
an additional PC band positioned in the
same spectral region as the L,M,N absorp-
tion bands (2.30 to 2.55 eV). It is worth to
note that the PC band typical of cobalt is
essentially unobservable at 77 K. These re-
sults evidence that the photoconductivity in
the 2.30-2.55 eV range is due to optical
transitions of electrons from the ground
state 4A2(F) levels of cobalt to the excited
state 2T1(H) levels followed by thermal
transitions from the levels of split excited
states to the conductivity band.

Basing on the optical and electrophysical
studies, the scheme of electron transitions
in the crystals under study has been pre-
sented (Fig. 38). The L,M,N absorption
bands of cobalt are connected with the 1-3
transitions of electrons from the ground
state 4A2(F) to the split levels of the ex-
cited state 2Tl(H). The absorption lines in
the near IR region are associated with the
transitions 4—6 from the ground state levels
to the split levels of the excited state
2T1(P). The absorption lines at 0.75 and
0.83 eV are due to the transitions 7 and 8
from the ground state levels to the split
levels of the excited state 2T1(F). The ab-
sorption band in the farthest IR region at
0.43 eV is caused by the transition 9 from
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the ground state to the nearest excited one,
AT (F).

The photoconductivity of ZnSe:Co in the
2.30—-2.55 eV range is due to optical transi-
tions of electrons from the ground state
4A2(F) levels of cobalt to the excited state
2T1(H) levels followed by thermal transi-
tions from the levels of split excited states
to the conductivity band.

Thus, the absorption studies within a
wide spectral range carried out on ZnS:Co,
ZnSe:Co, ZnTe:Co crystals have revealed the
spectral absorption lines of the same type in
those crystals. The observed shift of those
lines is due to increasing anion radius in
the S-Se-Te sequence. The ZnSe:Co crys-
tals exhibit a photoconductivity when irra-
diated with light of 2.3 to 2.8 eV quantum
energy. The photoconductivity is due to op-
tical transitions from the ground state

4A2(F) level of CoZ* ion to the excited state
2T1(H) levels near the C band followed by
thermal transitions of electrons to the con-
ductivity band. A scheme of electron transi-
tions in the studied crystals has been pre-
sented that illustrates the absorption and
photoconductivity processes.
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OnTuyHe MOTJIMHAHHA TAa (POTOMPOBITHICTH
moHOoKpucTanxiB ZnSe:Co

IO0.®.Bakcman, B.B.Ilaeénoe, I0.A.Hiyyx, I0.M.Ilypmos,
O.C.Haci6oe, I1.B.Illankin

PosrisinyTo BIIMB AOMIIIIOK KOOAJBTY HA CIEKTPH ONTHYHOI'O IIOIVIMHAHHSA Ta (POTOIPOBIiI-
HOCTi KpucrauaiB cemeHiny nmuHKy. Ha migcrasi pesyiaprariB onTHUHHX i eneKTpodisnmuHuxX
IOCJTi[PKeHb IIPEICTABICHO CXeMy EJeKTPOHHUX IIePeXO/IiB y KPHCTAIaX, IO AOCIIiIKYBAINC.
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