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OPTICAL PROPERTIES OF ZnSe:Mn CRYSTALS

ZnSe single crystals with diffusion doping of Mn have been investigated. Absorption, lumines-
cence and photoconductivity of ZnSe:Mn crystals have been studied and analyzed in the visible region
of the spectrum. Concentration of Mn impurity was estimated from absorption edge. The electron

transition scheme in ZnSe:Mn was proposed.

1. INTRODUCTION

Semiconductor compounds A,B, with dopants
of transition metals are described by internal transi-
tions in 3d states — absorption and luminescence.
Investigation of internal transitions luminescence on
these states and luminescent centers formed by Mn
is interesting because ZnS:Mn and ZnSe:Mn crystals
are rather good phosphors [1]. In this work, diffusion
doping of ZnSe single crystals with Mn is described.
The optical absorption, luminescence and photocon-
ductivity of ZnSe:Mn crystals have been investigated
and analyzed in the visible range of the spectrum.
Concentration of Mn impurity was estimated from
absorption edge shift.

The purpose of this study is to develop the pro-
cedure of diffusion Mn doping of the ZnSe crystals,
to identify the optical absorption, luminescence and
photoconductivity spectra of obtained samples.

2. EXPERIMENTAL

The samples for study were prepared via diffusion
Mn doping of pure ZnSe single crystals. Undoped
crystals were obtained by the method of free growth on
a single-crystal ZnSe substrate with the growth plane
(111) or (100). This method was described in detail,
and the main characteristics of the ZnSe crystals were
obtained in [2, 3]. The selection of temperature pro-
files and design of the growth chamber excluded the
possibility of a contact between the crystal and cham-
ber walls. The dislocation density in the crystals ob-
tained was no higher than 10*cm2.

Initially, the crystal doping was provided by im-
purity diffusion towards crystal bulk from evaporated
surface layer of metallic Mn in He+Ar atmosphere.
Then, the crystals have been annealed at 1173-1223K.
Diffusion process time was 5 hours. However, this
method didn’t form crystals with high concentration
of Mn, thus Mn atoms diffused into the crystal bulk
resulted from high diffusion coefficient of Mn. As re-
sult, ZnSe:Mn crystals with low Mn concentration
(10'*cm) were obtained.

The method described in [4,5] was used for highly
doped ZnSe:Mn crystals obtaining. Metal powder-
like Mn was used as the source of impurity. To pre-
vent crystal etching, Mn powder was mixed with ZnSe

powder in 1:1 ratio. Diffusion process was performed
in He+Ar atmosphere in the temperature range from
1173 to 1223 K. The diffusion process was 5h long.

The spectra of optical density were measured us-
ing an MDR-6 monochromator with diffraction grat-
ing 1200 grooves/mm in the visible region. The light
intensity was registered by photomultiplier FEU-100.
The optical density spectra were measured at 77 and
293 K.

Photoluminescence spectra were measured by
ISP-51 quartz prism spectrograph. Photolumines-
cence excitation was provided by super luminescent
diode EDEV-3LA1 Edison Opto Corporation with
A, =400 nm.

Indium contacts were deposited on the surface
of crystals for photoconductivity measurements. The
contacts were formed by firing in vacuum at 600 K.
Monochromator MUM-2 was used for photoconduc-
tivity spectra measurements. Halogen lamp was used
for excitation of the spectra.

3. OPTICAL ABSORPTION OF ZnSe:Mn IN
THE VISIBLE REGION SPECTRUM

The optical density (D) spectra of ZnSe:Mn crys-
tals, obtained at different annealing temperatures,
are presented in fig.1. The spectra of undoped ZnSe
crystals characterized by absorption edge at 2.82 eV
(fig 1, curve 1) at T =77K. The second linear area was
located at 2.76 eV, associated with an unresilient exci-
ton-exciton interaction [3]. No features was observed
at the energies lower than 2.6 eV.

Mn doping led to absorption edge shift (fig.1,
curves 2-4). The shift value increased with annealing
temperature raise. The change of the band gap (meV)
as the function of impurity concentration was dis-
cussed in [3]:
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where e-electron charge, N-impurity concentration
(cm™), £ =8.66 — ZnSe dielectric constant. As result,
Mn-dopant concentrations have been calculated. The
obtained values are presented in Table. Maximum of
Mn concentration was observed (6:10"”cm™) for the
samples annealed at 1223K.
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Fig. 1. The optical-density spectra of ZnSe (1) and ZnSe:Mn
(2,3) crystals doped with Mn at temperatures of (2) 1173 and (3)
1223K. T =77 K.

In the visible region ZnSe:Mn optical-density
spectra have several absorption lines, which inten-
sity increases with Mn concentration enhance (fig.2).
Three absorption lines at 2.31, 2.47 and 2.67 eV can
be separated

The change of the band gap (meV) in the ZnSe:Mn crystal—ls“able

Crystal type 77 K 300K | AE, meV | N, cm’
ZnSe, undoped 2.82 2.68 - -
ik | 278 | 264 40 210"
ik | 260 | 255 130 610"

Absorption measurements at 77-300K showed that
lines at 2.31, and 2.47 eV didn’t change their positions
with temperature raise. Line at 2.67 eV at 300 K is lo-
cated at the conductivity band because the band gap of
ZnSe:Mn is 2.55-2.64 eV at this temperature. The one
can suppose that intracenter transitions are the origins
of those lines. According to [6], absorption line at 2.31
eV is due to transition from the ground state °A (G) to
excited state “T (G) of Mn** ion. The line at 2.47 eV
is due to °A (G)—>*T(G) transitions and the line at
2.67 eV is due to °A (G)—*E (G) intracenter transi-
tions.

3. ZnSe:Mn PHOTOLUMINESCENCE
SPECTRA

Photoluminescence measurements have been per-
formed at 77-600 K. At 77K ZnSe:Mn crystals spectra
had two narrow lines at 2.12 and 2.31 eV. The intensity
of the lines increased with Mn concentration increase
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(fig.3, curves 1,2). Lines positions didn’t change with
the temperature increase that evidences about intra-
center nature of this lines.
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Fig. 2. The optical-density spectra of ZnSe (1) and ZnSe:Mn
(2,3) crystals in the visible region of the spectrum at 77 K. Curve
2 corresponds to the sample annealed at 1173 K and curve 3 cor-
responds to annealing at 1223 K.
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Fig. 3. The photoluminescence spectra of ZnSe:Mn crystals at
77(1,2) and 400 K (3). Curve 1 corresponds to the sample annealed
at 1173 K and curves 2,3 correspond to annealing at 1223 K.

The temperature dependence of the luminescence
at 300-600 K showed that line at 2.31 eV disappeared



at 400 K (fig.3, curve 3) and line at 2.12 eV disap-
peared at 600 K. Luminescence lines half-width in-
creases with the temperature increase:

KT 1/2
E1/2=E0(Ej > (2)

The equation (2) is obtained from the model of
configuration coordinates, where E, is the lines half-
width at 0 K.

4. ZnSe:Mn PHOTOCONDUCTIVITY
SPECTRA

It is established, that ZnSe:Mn crystals had photo-
sensitivity. ZnSe:Mn crystals photoconductivity spec-
tra at different temperatures are shown in fig.4. The
one can see, one line is observed at 2.78 eV under 77 K
(fig.4). This line present in spectra of undoped ZnSe
crystals and could be associated with intraband tran-
sitions. Low-energy photoconductivity part increases
with the temperature increase (fig4, curves 2-4).
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Fig. 4. The photoconductivity spectra of ZnSe:Mn crystals at
77(1), 293 (2), 323 (3) and 403K (4).

The permanent lines at 2.31 and 2.47 eV appeared
in spectra at temperatures over 293 K. These lines po-
sitions are identical to absorption lines. The intensity
of photoconductivity lines was changed with the tem-
perature. At room temperatures high energy lines were
dominated whereas at 403 K 2.31 eV lines intensity
becomes maximal.

Electron transitions scheme of ZnSe:Mn based on
optical properties investigations, is shown in fig.5.

As it is mentioned above, absorption lines at 2.31,
2.47 and 2.67 eV are the result of transitions from the
ground state °A (G) to Mn excited states (fig.5, transi-
tions 1-3). According to [1], the ground state of Mn
ion is located 0.1 eV higher than valence band.

Photoluminescence lines at 2.12 and 2.31 eV
are resulted by transitions from excited states to the
ground state of Mn ion (fig.5, transitions 4,5).

Presented scheme allows to explain photocon-
ductivity, which is due two stage process. First, optical
transitions 2 and 3 take place and then thermal elec-
tron transition to conductance band starts (transitions

6 and 7). The absence of low energy photoconductiv-
ity up to 300 K, can be explained by the impossibility
of thermal transitions of electrons from ‘E (G) to con-
ductance band. It is worth to say that similar results
have been obtained by us before for ZnSe:Cr [8].
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Fig. 5. The electron transition scheme in ZnSe:Mn crystals.

5. CONCLUSIONS

The studies carried out allow us to conclude the
following.

1. A procedure of diffusion Mn doping of the ZnSe
crystals has been developed. Maximal Mn concentra-
tion, estimated from the absorption edge, was 6-10"
cm,

2. The nature of ZnSe:Mn crystals absorption
lines in the visible region of the spectrum have been
identified.

3. The identity of absorption, photolumines-
cence and photoconductivity lines in ZnSe:Mn was
shown.

4. The electron transition scheme in the ZnSe:Mn
crystals was proposed.
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OIITUYECKUE CBOVICTBA KPUCTAJLJIOB ZnSe:Mn

Pesiome
HccnenoBaHbl MOHOKpUCTAUIBL ZnSe:Mn, MoydyeHHbIe MeTonoM A ¢y3MOHHOrO JerupoBaHusi. MccienoBaHbl CIIEKTPHI OIl-

TUYECKOM TUIOTHOCTH, (DOTONIIOMUHECHEHLIMM U (DOTOITPOBOAUMOCTH B BUIMMOIH 061acTu. 1o BemnumHe cMeIeHus Kpasi MOrJIoLe-
HUS OIpejie/ieHa KOHLIEHTpALMsl MapraHiia B MCCIeIyeMbIX KpucTauiax. [TocTpoeHa cXxeMa ONTUYECKUX TMEPEXONOB B KPUCTAIAX
ZnSe:Mn.

KmoueBble ciioBa: nub¢y3MoHHOE JeTMpoBaHKe, ONTUYECKasl INIOPTHOCTD, (hOTOIIOMUHECLIEHIINS, (POTOMPOBOAUMOCTh, BHYT-

PULICHTPOBLIC IICPEXOIHBI.
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OIITUYHI BJIACTUBOCTI KPUCTAJIIB ZnSe:Mn

Pesiome
HocnimkeHo MOHOKpUcTanu ZnSe:Mn, oTpuMaHi MeTonoM audysiitHoro jeryBaHHs. [IpoBeneHi 1oCIimKeHHSI CIIEKTPiB ONTHY-

HOI TYCTMHU, (pOoTOFOMiHECIIEHIIi1 Ta (hOTOMPOBIAHOCTI B BUAMMIl o6acti. [1o 3MillleHHIO Kpato MOTJTMHAHHSI BU3HAYEHO KOHIIEHT-
pallii MapraHiIo B 1OCTiIKyBaHUX KpucTanax. [Io0ymoBaHa cxeMa ONTUYHUX MIEPEXOIiB B KpucTaiax ZnSe:Mn.
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