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The photoconductivity spectra of ZnSe nanocrystals deposited on porous silicon wafers
and wafers with silicon nanorods are studied. After deposition of ZnSe nanocrystals, a
series of lines appears in the visible region of the the photoconductivity spectra of por-Si.
The high-energy photoconductivity line is due to band-gap transitions in ZnSe nanoparti-
cles. The other five lines of photoconductivity are due to transitions involving associative
donor-acceptor centers, which include both intrinsic defects and uncontrolled impurity
defects.
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doTonpoBigHiCTH HAHOKPHCTAJIB cCeJIeHiAy IMHKY, OTPMMAHHX XiMiYHHM MeETOIOM.
IO A Hiyyx, I.B.Tenaskosa, J0.@.Bakxcman, BA.Cmunmuna, I.P.Ayyncoruil

Mocaimeno cruexTpu (oTonpoeigHocTi HaHOKpUCTAXiE ZNSE, HAaHEeCeHUX HA ILIACTHUHKL
HOPHCTOr0 KpeMHi 1 mracTuHKM 3 HamocroBOumkamu KpemHio. Ilicasa HameceHHsS HaHOK-
pucranis ZnSe y cmnekrpax (oronposiguocti por-Si 3’sBaserncs cepis mimiit y Bugmmiin
obsacTi cmekTpa. BucokoeHepreTuyHa JiHig (OTOTMPOBIAHOCTI 3yMOBJIeHA 30HA-30HHUMU
nepexofaMu y HaHouacTUHKAxX ZnSe. Pemrta n’saTh Jainii ¢oronposigHocTi o6ymMoBiiena mepe-
XOMaMM 3a YYACTIO aCOI[iaTUBHUX JAOHOPHO-AKIENITOPHUX IEHTPIB, A0 CKAALY AKUX BXOAATH
AK BJIacHI meeKTH, TaK i HEKOHTPOJNHOBAHI JOMIMIKOBI mederTu.

Wccaenosaupl CHEKTPHl (POTONPOBOAMMOCTY HAHOKPUCTANIOB ZNSE, HAHECEHHBIX Ha
NJACTUHKY [IOPHUCTOI'0 KPeMHUHA U IIJIACTHHKHU ¢ HaHOCcToaOumkamu kpemHu#A. Ilocie mHamece-
HUS HAHOKPUCTALIOB ZNSe B creKTpax (JOTOMPOBOAUMOCTH POr-Si MOSBIAETCS Cepus JUHUN
B BUAUMOII 00JIACTH CIeKTpa. BricoKooHepreTnyecKasa JUHUSA (QOTOMPOBOAUMOCTH O0YCIOBIIE-
HA 30HA-30HHBIMU IepexojaMu B HaHouactuiax ZnSe. OcTanbHble TATH JUHUN (GOTOTIPOBO-
IUMOCTH OOYCJIOBJEHBI TEPeXoJaMM C YUACTUEM AacCCOIMATHBHBIX JOHOPHO-AKIIETTOPHBIX
IIEHTPOB, B COCTAB KOTOPBIX BXOJAT KaK COOCTBeHHBIE Ae(EeKTHl, TAK M HEKOHTPOJUPYEMEBIe
mpuMecHBIe TedeKTHI.

1. Introduction

Colloidal wide-gap semiconductor
nanoparticles of II-VI group are used in
optoelectronics and biomedical imaging [1-
8]. For example, CdSe nanocrystals are
used as active media for structures emitting
in the visible range [2]. Nanocomposites of
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CdSe/CdS, CdSe/ZnS, and CdSe/ZnSe are
successfully used as photosensitive elements
[9, 10]. CdSe/ZnS and CdS:Mn/ZnS nanos-
tructures are successfully used for intravi-
tal non-toxic imaging of living cells and
blood vessels [11, 12].

A new promising direction in the applica-
tion of semiconductor nanoparticles is the
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Fig. 1. SEM-image of ZnSe nanocrystals (bright
structures) deposited on Si-nanopillars.

creation of solar cells based on them and
increasing the efficiency of existing ones.
To date, studies are known to increase the
photosensitivity of titanium oxide nanorods
when CdS and CdSe nanoparticles are de-
posited on them [13, 14]. A study of the
photoconductivity of CdSe quantum dots
showed their maximum photosensitivity in
the region of 640 nm [15]. To expand the
spectral region of photosensitivity, the use
of wider-band semiconductors of this group,
such as ZnSe and ZnS, is more promising.
In this regard, studies of the photoconduc-
tivity of ZnSe nanocrystals are relevant.

In this work, we studied the photocon-
ductivity of ZnSe nanocrystals deposited on
conductive silicon nanorods and porous sili-
con. The nature of the centers responsible
for the photoconductivity of ZnSe nanocrys-
tals has been established by comparison
with the optical absorption and photolumi-
nescence spectra.

2. Experimental

Two types of nanostructured substrates
were used as conductive substrates. There
were plates of porous silicon (por-Si) and
plates with silicon nanostubes. The proce-
dure for their preparation is described in
detail in [16].

The deposition of ZnSe nanoparticles was
carried out during their growth by the col-
loidal synthesis method. Silicon wafers were
placed at the bottom of the tube into which
a 10 % aqueous solution of zinc chloride
and a 10 % solution of sodium selenosulfate
were added. To compare and establish the
nature of the transition centers responsible
for photoconductivity, control samples were
applied to conductive glass. After drying,
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Fig. 2. Photoconductivity spectra of por-Si
(1) and ZnSe nanocrystals (2, 8). T
300 K (I, 2) and 430 K (3).

meas

the samples had a gray-yellow color. The
study of X-ray diffraction showed the pres-
ence of diffraction maxima corresponding to
the (111), (220) and (311) planes in ZnSe.
The absence of a stabilizer in the solution
promotes the growth of nanoparticles with
different crystalline orientations. The SEM
image of the sample deposited on porous
silicon is shown in Fig. 1, where it can be
seen that ZnSe nanocrystals (bright struc-
tures) are localized on the surface of Si
nanorods.

The photoconductivity spectra were
measured using a MUM-2 monochromator
with a diffraction grating of
1200 lines/mm. The light source was a halo-
gen lamp. The power of the luminous flux
of the lamp was kept constant at different
wavelengths by adjusting the incandescent
current of the lamp.

In order to establish the nature of the
centers responsible for photoconductivity,
we measured the optical density and pho-
toluminescence. The optical density spectra
were measured using an MDR-6 monochro-
mator with two diffraction gratings of
1200 lines/mm. An FEU-100 photomulti-
plier was used as a light flux recorder in
the visible spectrum. Photoluminescence
spectra in the visible and near infrared
ranges were measured using an ISP-51
prism spectrograph. The radiation was re-
corded by an FEU-100 photomultiplier tube.
The luminescence was excited by a solid-
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Fig. 3. Optical absorption spectra of ZnSe

nanocrystals, measured at 300 K (1) and
430 K (2).

state laser; its quantum energy at the emis-
sion maximum was 3.1 eV.

The photoconductivity, optical absorp-
tion, and photoluminescence spectra were
measured at temperatures of 300 and 430 K.
For high-temperature measurements,
cryostats were used, the design of which
made it possible to maintain the temperature
constant in the range of 77—470 K.

3.Results and discussion

A fragment of the por-Si photoconductiv-
ity spectrum in the near and infrared re-
gions is shown in Fig. 2, curve 1. Similar
results of studies of por-Si photoconductiv-
ity were observed earlier in [17, 18]. After
the deposition of ZnSe nanocrystals on the
por-Si surface, a series of lines in the vis-
ible region appear in its photoconductivity
spectra (Fig. 2, curve 2). At T = 300 K, the
lines are localized at 455, 520, 570, 650,
and 700 nm. When the sample is heated to
430 K, the line at 455 nm is localized in
the region of larger wavelengths at 472 nm.
A similar shift is observed in the optical
density spectra (Fig. 3). The energy corre-
sponding to the fundamental absorption
edge was determined by the extrapolation of
the first linear section to the intersection
with the energy axis. It coincides with the
energy of photoelectric transitions corre-
sponding to the first maximum of photocon-
ductivity at given temperatures. Thus, it
can be assumed that the first photoconduc-
tivity line is due to band-zone transitions.
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Fig. 4. Photoluminescence spectra of
ZnSe/por-Si nanocrystals (dashed line), bulk
ZnSe crystals (solid line) and por-Si (dash-dot
line).

The other four lines of long-wavelength
photoconductivity did not shift with tempera-
ture. Moreover, their positions almost exactly
coincide with the elementary emission lines of
complex photoluminescence spectra of
nanocrystals and bulk ZnSe crystals (Fig. 4).
The elementary lines of long-wavelength
emission of nanocrystals were clearly distin-
guished with a decrease in the concentration
of zinc and selenium precursors from 10 to
2 %. In this case, the radiation intensity of
nanocrystals decreased. Similar emission lines
were previously observed in ZnSe single crys-
tals by the Alentsev-Fock method [19]. The
line in the region of 520 nm, which is weakly
noticeable in the emission spectra, according
to [20], can be due to transitions (VZn_Nai+)*-
The presence of sodium in nanocrystals can
be explained by its presence in the precursor
of selenium Na,5eS0Oj;. Photoluminescence
studies of CdSe nanocrystals obtained by a
chemical method from sodium selenosulfate
revealed the formation of sodium impurity
centers in these nanocrystals [8]. The nature
of the emission line at 580 nm in bulk ZnSe
crystals was previously explained [19] by the
presence of (VZnZ‘VSe+)-centers. The emission
lines at 650, 700, and 750 nm in bulk ZnSe
crystals were related [21] with associative
centers (V7,2-Dz,7) with different distances
between donors and acceptors, where uncon-
trolled Al, In, Ga impurities can act as a
donor. The presence of gallium in the ob-
tained nanocrystals was confirmed by studies
of energy dispersive X-ray analysis (EDX).

Functional materials, 27, 3, 2020
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Thus, the long-wavelength photoconduc-
tivity lines of ZnSe nanocrystals are due to
the optical ionization of associative centers,
which include both point defects of their
own nature and impurity defects.

4. Conclusions

As a result of the studies, it was shown
that the spectral region of the photosensi-
tivity of porous silicon can be expanded by
depositing zinc selenide nanoparticles. The
nature of transitions determining the photo-
conductivity of ZnSe nanoparticles has been
established. It was shown that the photocon-
ductivity of zinc selenide nanoparticles is
due to both band-zone transitions and tran-
sitions involving associative centers.
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