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STUDY OF THE IMPURITY PHOTOCONDUCTIVITY AND LUMINESCENCE IN ZNTE:V
CRYSTALS

The photoconductivity and photoluminescence spectra of ZnTe:V crystals in the visible spectral
region are studied. It is established that the high-temperature impurity photoconductivity of ZnTe:V
crystals is controlled by the optical transitions of electrons from the ground state 4T1(F) to high-
energy excited states, with subsequent thermally activated transitions of electrons to the conduction
band. A photoconductivity band associated with the photoionization of V impurities is revealed. The
intracenter luminescence of ZnTe:V crystals is efficiently excited with light corresponding to the

intrinsic absorption region of V2+ ion

Introduction

In the last few years, ZnTe crystals doped with
transition metals have been extensively used as
materials for various laser- and nonlinear-opti-
cal applications. ZnTe:Cr crystals were used to
achieve lasing at 2.5 pm [1]. ZnTe:Fe crystals
served as a basis for the production of tunable la-
sers emitting in the wavelength range from 4.35
to 5.45 um [2]. The use of ZnTe:V crystals for at-
taining lasing in the IR region is hindered by the
problem of the observation of IR luminescence at
temperatures higher than 150 K [3].

At the same time, the above-mentioned crys-
tals can be used as photodetectors for visible and
microwave radiation [4]. Therefore, studies of the
photoconductivity and luminescence of ZnTe:V
crystals in the visible spectral region present a
topical problem.

In this study, we explore and identify struc-
tural features of the photoconductivity and lumi-
nescence spectra of ZnTe:V crystals in the visible
spectral region. It is shown that, in the spectra,
there are photoconductivity and luminescence
bands associated with the V impurity.

The goals of this study is to identify structural
features of the photoconductivity and lumines-

20

cence spectra of ZnTe:V crystals in the visible
spectral region.

Experimental

The samples to be studied were produced by
the diffusion doping of initially pure ZnTe crys-
tals with V. The nominally undoped crystals were
produced by the free growth method on a ZnSe
single crystal substrate oriented in the (111) plane.
The advantage of diffusion doping is the possibil-
ity of obtaining specified impurity concentrations
and doping profiles. The V content in the crystals
was determined from the variation in the band gap
of ZnTe crystals under variations in the V impu-
rity concentration. The vanadium concentration
varies from 3-10"7 to 3-10" cm?. For reference
samples, we used specially produced and studied
ZnTe samples subjected to heat treatments at the
same temperatures as those of the treatments of
V-doped crystals.

The photoconductivity spectra were recorded
with an MUM-2 monochromator with a 1200
grove mm ' diffraction grating. A halogen lamp
served as the source of light. The power of the
light flux from the lamp was kept constant at dif-
ferent wavelengths.



The photoluminescence (PL) spectra were re-
corded with an ISP-51 prism spectrograph. The
emission was detected with an FEU-100 photo-
electric multiplier. The luminescence signal was
excited with Edison Opto Corporation light-emit-
ting diodes (LEDs) and an ILGI-503 nitrogen
pulse laser. The photon energies corresponding to
the emission peak of the LEDs were 3.1, 2.69 and
2.25 eV, and the photon energy of laser emission
was 3.74 eV.

Analysis of the photoconductivity spectra

The undoped ZnTe crystals exhibit only one
photoconductivity band with a peak at 2.26 eV
at 300 K (Fig. 1, curve 7). This band arises from
interband optical transitions. On doping of the
crystals with vanadium, this band shifts to lower
energies. As the V concentration is increased, the
shift increases and corresponds to a change in the
band gap determined from the optical absorption
spectra.

Doping with vanadium brings about the appear-
ance of series photoconductivity bands in the pho-
ton energy range from 1.4 to 2.1 eV (Fig.1, curves
2-3). The intensity of these bands increases, as the
V concentration is increased. In the spectra, we
can distinguish bands at 1.47, 1.55, 1.7, 1.8, 1.87
and 2.09 eV. It is established that the 2.09 eV band
changes position under variations in the V concen-
tration. The position of other bands remains un-
changed, as the degree of doping is increased.

At the temperature T = 77 K, only one inter-
band photoconductivity band is observed in all
of the crystals under study. As the temperature is
elevated from 77 to 350 K, the impurity photo-
conductivity makes a weightier contribution to
the spectrum. We observed a similar effect previ-
ously in studying the photoconductivity of ZnSe
crystals doped with Fe, Ni, Cr [5,6].

As the temperature is elevated from 300 to 350
K the 2.09 eV photoconductivity band shifts to
lower photon energies by 20 meV. Such shift cor-
responds to the temperature change in the band
gap of ZnTe. Other impurity photoconductivity
bands do not change their position with tempera-
ture, suggesting that the corresponding transitions
are of intracenter character. In addition, the po-
sition of the above mentioned bands agrees well

with the position of optical absorption bands de-
tected for these crystals previously. In [7] visible
absorption bands were attributed to intracenter
optical transitions that occur within the V** ions.
The above result suggests that these photocon-
ductivity bands are due to the same optical transi-
tions as those involved in optical absorption. The
energies and identification of optical transitions
are given in the table. The table summarizes the
data obtained in studies of optical absorption,
photoconductivity and luminescence.
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Fig. 1. Photoconductivity spectra of (1) ZnTe and
(2, 3) ZnTe:V crystals. The V dopant concentra-
tions are [V] = (2) 5-1018 and (3) 3-1019 cm-3.

The photoconductivity process in the crys-
tals under study occurs in the manner briefly de-
scribed below. The 2.09 eV photoconductivity
band is associated with optical transitions from
the 7' (F) ground state of the V*" ion into the con-
duction band. Comparison of the photon energy
corresponding to the peak of this photoconductiv-
ity band with the energy position of the intrinsic
photoconductivity peak for the crystals with the V
concentration [V] = 5-10"%cm™ (2.23 e¢V) allows
us to believe that the level of the ground state of
the V** ion is 140 meV above the top of the va-
lence band.
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Energies of optical transitions in ZnTe:V crystals

Line Absorption Photoconductivity, | Luminescence, | Stokes shift,
No E,eV Transition E, eV E, eV E, meV
1 T/(F)— A:(F) +e .y 2.09
2 2.19 T\ (F)—’E(D) 2.13 60
3 2.08 T/(F)—’E(G) 2.06 20
4 1.87 T (F)=°T,(D) 1.87 1.85 20
5 1.80 T(F)—"T\(P) 1.80 1.78 20
6 1.70 T/(F)—°T,(H) 1.7 1.67 30
7 1.54 T)(F)—’E(H) 1.55 1.52 20
8 1.46 T(F)—"T\(H) 1.47 1.42 40
9 1.36 T/ (F)—"T(H) 1.33 30
10 1.26 T,(F)—"T,(P) 1.24 20
11 1.23 T (F)=’T»(G) 1.20 30

The other photoconductivity bands are formed
in a two-stage process. Initially, the intracenter
optical transitions of electrons from the *7(F)
ground state to the higher excited states of the V**
ions (table) occur; then thermally activated transi-
tions of these electrons to the conduction band are
observed. As a result the local centers transit to the
V3" charged state. Later the V** centers trap elec-
trons and the centers transit to their initial V** state.

It should be noted that the results of studies of
the thermoelectric power are indicative of the elec-
tron photoconductivity of the ZnTe:V crystals.

Analysis of luminescence properties

The PL spectra were studied in the tempera-
ture range from 77 to 300 K. The PL spectra of
undoped crystals excited with nitrogen laser ra-
diation (A =337 nm) at T = 77 K exhibit one emis-
sion band with peak at 2.31 eV (Fig. 2, curve 1).
In previous studies the 2.31 eV emission band
was attributed to emission of excitons localized at
neutral zinc vacancies [6].

Upon doping of the crystals with vanadium,
the excitonic emission bands shift to lower ener-
gies (Fig. 2, curve 2). The shift corresponds to the
change in the band gap with the vanadium con-
centration [V] in ZnTe.

Doping of the crystals with vanadium brings
about a series of long-wavelength emission lines
with peaks at 1.20, 1.24, 1.33, 1.42, 1.52, 1.67,
1.78, 1.85, 2.06, 2.13 eV (Fig. 2, curve 2). As
the V concentration is increased, the intensity of
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these emission lines increases, whereas their posi-
tion remains unchanged.

Figure 2 (curve 3) shows the absorption spec-
trum of the ZnTe:V crystals at T = 77 K. The
spectrum involves lines that correlate with the
emission lines observed in this study. As can be
seen from the table, the Stokes shifts of the PL
lines with respect to the corresponding absorption
lines are in the range 20—-60 meV.

It is established that the relative luminescence
intensity of the ZnTe:V crystals heavily depends
on the photon energy of excitation light.

Emission with the lowest intensity is excit-
ed with a nitrogen laser with the photon energy
3.67 eV. The highest emission intensity is attained
on excitation with LEDs with the photon energy
in the emission peak 2.25 eV. This suggests that
the band-to-band excitation of long-wavelength
luminescence of the ZnTe:V crystals is ineffi-
cient. At the same time, under changes in the ex-
citation photon energy, the position of emission
peaks remains unchanged. It is also established
that, as the excitation photon energy is lowered,
the contribution of low-energy bands to the lumi-
nescence spectrum increases. This effect is typi-
cal of intracenter luminescence.

As the temperature is elevated from 77 to
300 K, the intensity of all emission lines de-
creases, while the positions of the peaks remain
unchanged. Similar temperature behavior was ob-
served for the corresponding absorption lines.
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Fig. 2. (1, 2) Photoluminescence and (3) absorption
spectra of (1) ZnTe and (2, 3) ZnTe:V crystals.

This suggests that the absorption and lumines-
cence lines under study are due to intracenter op-
tical transitions that occur within vanadium ions.

Conclusions

1. It is shown that the high-temperature long-
wavelength photoconductivity of the ZnTe:V
crystals is controlled by intracenter optical ransi-
tions within the V?* ions and by subsequent ther-
mally induced transitions of electrons from the
levels of the excited V** states into the conduc-
tion band.

2. It is established that doping with vanadium
gives rise to a series of emission lines in the vis-
ible spectral region. The luminescence bands de-
tected for the ZnTe:V crystals are attributed to
intracenter transitions in the V' ions.

3. Efficient excitation in impurity-related lu-
minescence of the ZnTe:V crystals is attained
with light corresponding to the region of intrinsic
absorption in the V?* ions.
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Abstract

The photoconductivity and photoluminescence spectra of ZnTe:V crystals in the visible spectral
region are studied. It is established that the high-temperature impurity photoconductivity of ZnTe:V
crystals is controlled by the optical transitions of electrons from the ground state *7'(F) to high-energy
excited states, with subsequent thermally activated transitions of electrons to the conduction band.
A photoconductivity band associated with the photoionization of V impurities is revealed. The intra-
center luminescence of ZnTe:V crystals is efficiently excited with light corresponding to the intrinsic
absorption region of V** ion
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1O. @. Baxcman, FO. A. Huyyk, A. B. Kopenkosa

UCCJIEIOBAHUE MIPUMECHOMN ®OTOIMPOBOJIUMOCTH U TIOMUHECIHEHIIUA
B KPUCTAJIJIAX ZnTe:V

Pesrome

HccnenoBana (HoTonpoBoauMOCTh U (OTONMIOMUHECIICHIINs KprcTamuioB ZnTe:V B BuanMoii 00-
JACTU CIIEKTPa. YCTAHOBIEHO, YTO BBICOKOTEMIIEpaTypHas (OTOMPOBOJUMOCTh KpucTauioB ZnTe:V
00yCIIOBIICHA ONTUYECKUMHM TIEPEXOIAMHU SIEKTPOHOB M3 OCHOBHOTO coctosnus *7 () Ha Oonee BbI-
COKHE BO30YKICHHBIC SHEPIreTUYCCKUE YPOBHU HOHA V?' ¢ MX MOCIEAYIOIIeH TEPMUIECKOM aKTHBa-
1Uel B 30Hy IPOBOAUMOCTH. D((HeKTUBHOE BO30Yk/IEHUE BHYTPULICHTPOBOH JTIOMUHECLIEHIINH KPH-
cramioB ZnTe:V ocyliecTBIsSETCS CBETOM M3 00JIACTH IPUMECHOTO MOTIONICHHSI HOHOB V27,

KiroueBble ciioBa: Teurypua uHKa, A1 dy3nonHoe nerupoBanue, mpuMech BaHausl, (OTomnpo-
BOJMMOCTb, (DOTOTIOMUHECIICHITHSL.
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1O. @. Baxeman, FO. A. Hiyyk, A. B. Kopenkosa

JOCJIKEHHS JOMIIIKOBOI ®OTOIMPOBIIHOCTI TA JIIOMIHECLEHLII B
KPUCTAJIAX ZnTe:V

Pesrome

Jocnimxeno (otonpoBigHICTh 1 (oTomoMiHecueHlilo kpucraniB ZnTe:V y Buaumiii obmacti
criekTpy. BecraHoBieHo, 1110 BUCOKOTeMIIepaTtypHa GoTonpoBiaHicTh kpucTainiB ZnTe:V oOymoBneHa
ONTUYHMMH TIEPEXOJAMH €JIEKTPOHIB 3 OCHOBHOTO cTany *7'(F) Ha OinbII BUCOKI 30y/IXKeHI eHepre-
TUYHI piBHI 10HY V*' 3 iX MOAAIBIIO TEPMIYHOIO aKTHUBAIII€I0 B 30HY MpoBigHOCTI. EdexTrBHE 30Y-
JOKEHHSI BHYTPHITHBOLIEHTPOBOI JIIOMiHecHeHIiT kpuctaiiB ZnTe:V BinOyBaeTbcs CBITIOM 3 001acTi
JIOMIIIIKOBOI'O MOTIMHAHHSA 10HIB V2.

KarouoBi cioBa: tenypun 1MHKY, 1udys3iiiHe JeryBaHHs, TOMIIIKa BaHAJIil0, (OTOMPOBIAHICTS,
(OTONIOMIHECIICHITIS.
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