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The actuality of new processes for zinc selenide (ZnSe) films manufacture is explained
by good prospects of their potential applications in optoelectronics. However, the films
obtained on cathode by means of electrolysis in aqueous solutions have some distinctive
properties and hence require a detailed study of structure, composition and properties
thereof. Transmission electron microscopy examination of electrodeposited zinc selenide
films has revealed that those are inhomogeneous in composition and structure: the fine-
grained film body is formed by ZnSe nanocrystallites of cubic zinc blende structure and
clusters of larger Zn(OH), microcrystals are included into the body. The film surfaces are
coated by amorphous sublayer consisting of Se, SeO, and OSe(OH),. According to electri-
cal studies, such electrodeposited films are n-type semiconductors.

AKTyaJIbHOCTh HOBBIX Pa3paboTOK B o00JacTH M3IOTOBJIEHHS IIJIEHOK CeJeHHIa IIMHKA
(ZnSe) obmbsicHsieTc MEePCHEeKTUBON MX MCIIOJL30BAHWS B ONTOdJEKTPOHHKe. BMmecre ¢ TeMm,
IIJIeHKU, TOJJyYeHHBbIe Ha KaToJe B IIpoliecce 3JIEKTPOJN3a BOJHBLIX PACTBOPOB, HMMEIOT P
OTJIMUUTEJNbHLIX OCOOEHHOCTEN U II09TOMY HYMKIAIOTCA B JeTAaJbHOM aHajJu3e CTPYKTYpPHI,
cocTaBa M CBOMCTB. MeTOZOM IIPOCBEUHMBAIOINEH 3JIeKTPOHHOM MUKPOCKOINHN OGHAPYXKEeHO,
UTO 3JIEKTPOOCAKIEHHBIE IIJIEHKN CeJIeHNa IIMHKA MUMelOT HeOJHOPOJHBIE COCTAB U CTPYKTY-
Py: B TeJI0O MeJKOAVCIEPCHBIX IIJEHOK M3 HAHOKPHUCTAJNJIOB ZNSe KyOuuecKoil Mogu(pUKaIUN
THUNA IUHKOBOM OOMAHKN BKpPAIlJIEHBI KJACTePhl, IPeICTaBJAIINNe coboll cKomeHre 0oJee
KPyIHEIX KpucTamtukos Zn(OH),. IloBepxHOCTh TAKUX IIEHOK MOKPHITA TOHKMM aMOD(MHLIM
croem us Se, SeO, u OSe(OH),. CormacHo wuccieLoOBAaHMAM dIeKTPUYECKUX CBOIICTSB,
JIEKTPOOCAKIEHHBIE IJIEHKU SIBJIAIOTCS [IOJYIPOBOTHUKAME 7-THUIA.
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Zinc selenide (ZnSe) films obtained by
means of electrolysis from water solutions
on cathode have some specific properties
[1-4]. For example, the presence of equal
amounts of zinc and selenium in the films
does not exclude their complex chemical
composition and the peculiarities of their
crystal structure connected therewith, that
causes characteristic properties of such
films. Basing on the actuality of this mate-
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rial for optoelectronics and on the necessity
to improve its preparation method, this
work is devoted to detailed investigation of
structure, composition and properties of
electrodeposited zinc selenide films.

The electrodeposition of ZnSe films, the
determination of their thickness and inves-
tigation methods of the morphology and
composition have been reported in [5]. The
structure of the electrodeposited ZnSe films
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Fig. 1. Change of IVC shape for ZnSe films electrodeposited on TiN substrates as a function of the
electrodeposition time 1t and of film thickness A (U > 0 correspond to the substrate positive charge):

Fig. 2. The bright-field micrograph (a) and the electron diffraction pattern (b) for the same region

of as-grown ZnSe film.

was studied by transmission electron mi-
croscopy (TEM) using a PEM-125K micro-
scope at electron accelerating voltage
100 kV. The film samples were stripped
from the substrates using gelatin according
to standard method. The gelatin was dis-
solved in hot (80°C) distilled water; the
samples were pulled out by electrolytic cop-
per nets. The current-voltage characteristics
(IVC) for the films were obtained using a
EMG-1579-102 TR Orion Characteriograph
including a source of amplitude-regulated
alternating voltage, an AC resistor and an
oscillograph. The molybdenum probe used
for the measurements had polished semi-
spherical surface of 100 um radius and was
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pressed softly to the sample surface. The
film conductivity type was determined by
hot-probe method.

The study of electrical properties by con-
sidering the current-voltage characteristics
of ZnSe films electrodeposited onto chemi-
cally inert substrates of titanium nitride
(TiN) has revealed (Fig. 1) that the shape of
zine selenide film IVC varied depending on
the film thickness increasing during the
ZnSe electrodeposition. Table 1 presents the
analysis of current-voltage curves which are
shown in Fig. 1. It is seen that as the ZnSe
film thickness (A) increases, the symmetri-
cal IVC typical of the several tens nanome-
ter thick films are replaced by IVC charac-
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teristic for spatial charge limited currents
(CLSC) at single-energetic distribution of
traps (for A = 0.12 pm). As to thicker films
(A= 0.16 um), IVC corresponded to CLSC at
exponential distribution of traps. The in-
creasing of ZnSe film thickness is accompa-
nied by growing of sheet resistance (Rg),
the resistance reduced to the unit contact
area (R;,") and of the resistivity p. Such
films had n-type of conductivity. For the
thickest ZnSe film, we have calculated the
effective concentration of the major charge
carriers n,s = 1.8-101% cm™3. Their small ef-
fective mobility (u,; = 0.08 ecm?/V-s) and
the junction height on grain boundaries ® =
0.3 eV, calculated in accordance with [6]
basing on the relationship ® = ET1n(u,,/H.s),
where L., is the major charge carrier mobil-
ity in zinc selenide single crystal (according
to [6], p.. = 260 cm?2/V-s), give evidence of
nanocrystalline structure of electrodepo-
sited ZnSe films.

The examination by transmittance elec-
tron microscopy and by scanning electron
microscopy with electron probe microana-
lysis (EPMA) have revealed that the as-
grown 0.08-0.16 um thick films are inho-
mogeneous in composition and structure.
Fig. 2a presents the bright-field micrograph
of zinc selenide film. The electron diffrac-
tion pattern of the same region is presented
in Fig. 2b. According to the electronic den-
sity contrast in the bright-field micrograph,
the main volume of the film has nanocrys-
talline structure with grain dimensions of
<2 nm. The clusters (arrow G in Fig. 2a)
which are accumulations (conglomerations) of
more coarse (of the 10 nm order) crystals (ar-
rows C) are embedded into this fine-grained
film. The broad ring from the plates with
interplane distance d = 0.326 nm in the elec-
tron diffraction pattern (Fig. 2b) corresponds
to the nanocrystalline structure. This electron
diffraction ring can be associated with cubic
ZnSe phase (a = 0.5669 nm).

According to JCPDS data (card 37-1463),
the most strong (100 %) line for cubic
ZnSe reveals from (111) plane with d =
0.3273 nm. Note that electrodeposited
ZnSe films reported in literature [1, 3] also
had the zinc blende structure. The diffrac-
tion rings consisting of individual (sepa-
rate) reflexes arise from more coarse crys-
tals included in clusters. Basing on process-
ing of the electron diffraction patterns from
the different regions of the film, we have
determined the set of interplane distances
for the reflecting planes in such crystals.
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Table 2. Interplane distances (d) for crys-
tallites included in clusters in electrodepo-
sited ZnSe films and in Zn(OH),

d*0-905 nm | d,nm Zn(OH), | Int., % (hkl)
(experiment) JCPDS,
41-1359
1.2210 <1
0.6600 <1 101
0.5787 2 103
0.4772 4 105
0.4176 <1 008
0.392 0.3912 5 107
0.359
0.3332 11 202
0.3250 <1 109
0.3154 <1 204
0.308 0.3031 13 211
0.300 0.2990 1
0.287 0.2902 100 206
0.2777 <1 215
0.2777 <1 1011
0.2380 2010
0.2315 9 224
0.2271 <1 301
0.211 0.2150 2 305
0.2150 2 2111
0.208 0.2086 3 228
0.2086 3 0016
0.203 0.2046 <1 307
0.1959 <1 2113
0.1959 <1 2014
0.193 0.1928 <1 309
0.1886 <1 321
0.1886 <1 1017
0.184 0.1854 <1 323
0.181 0.1819 33 325
0.1819 33 3011
0.173 0.1702 21 3013
1702 21 1019

These interplane distances are collected in
Table 2, where the interplane distances for
Zn(OH), (card 41-1359 JCPDS) are also pre-
sented for comparison. It could be noted a
good agreement of experimental data and
JCPDS ones. The above agrees well with the
EPMA data [5]. According to [5], the friable
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Table 1. Electrophysical parameters of ZnSe films electrodeposited on TiN

Sample | Deposition A, pm IVC type Ry, Q R*Q, Q-cm?2 p, Q-cm | Conductivity
No time 1, min type
79 2 0.02 I~U 1.5-10°6 2 0.75 -
81 5 0.04 I~U 7.5.10°6 10 1.9 -
82 10 0.08 I~U 2.2.107° 30 2.8 -
83 15 0.12 I-~U? 2.2.10°3 3103 1.1.102 n
84 20 0.16 I-U3 3 4.106 1.5.10° n

conglomerations consist mainly of from
zine, oxygen, and only small amounts of
selenium (the zine-to-selenium atomic ratio
in these conglomerations is 9:1).

At the same time, according to X-ray
photoelectron spectroscopy data [5], the
electrodeposited film surface is coated by
thin layer consisting of Se, $eO, and
0OSe(OH),, therefore, the 10 nm thick sub-
surface layer is characterized by excessive
selenium and oxygen content (the Zn/O ratio
is 3/5 while the Zn/Se one, 2/5), and the
electrodeposited zinc selenide films are en-
riched as a whole in selenium. So, the struc-
tural research of electrodeposited zinc se-
lenide films presented here and the earlier
composition studies of these films [5] allow
to conclude that the thin sublayer on the
film surface consisting of Se and its com-
pounds is amorphous, the conglomerates of
Zn(OH), are included into main volume of
the nanocrystalline film consisting of poly-
crystalline fine-dispersed ZnSe grains of
cubic crystal modification.

Thus, as the electrolysis duration in-
creases (and thus the film thickness rises),

the electrodeposited zinc selenide films ac-
quire the electrical properties of semicon-
ductors of n-type of conductivity. These
films have nanocrystalline structure con-
sisting mainly of the cubic ZnSe nanocrys-
tals of <2 nm grain size and included con-
glomerates of larger (about 10 nm) Zn(OH),
crystallites.
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Oco0MBOCTI CTPYKTYpPH, CKJIAAYy Ta BJIACTHBOCTEH
€JICKTPOOCATKEHUX ILNIIBOK CeJICHiAy IUHKY

H.Il1.Knouko, C.M.I'puzopoé, B.P.Konau,
M.B./lo6pomeéopceka, II.B.Mametiuvenko

AKTyasbHICTh HOBUX PO3POGOK y rajy3i BHUTOTOBJIEHH: ILUIIBOK ceseHixy nuHky (ZnSe)
TOSICHIOEThCA IEPCIEKTUBOI0 iX BUKOPUCTAHHS B OoNToeJeKTpoHimni. Pasom 3 Tum, ozep:kaHi
Ha KaToJi B IIpolleci eJIeKTPOJIidy BOAHUX POSUMHIB ILIIBKU MAalOTh PAJ OcOBJIUBOCTeil i ToMy
IOTPeOyIOTh AETAJIBLHOTO aHAJI8y CTPYKTYPH, CKJIALYy Ta BiacTuBocTeil. MeTomom mpocsiuy-
I0UO0i eJIeKTPOHHOI MiKpOCKOIii BHABJIEHO, IO eJEKTPOOCAIKEeHI IIIBKU CeJIeHiTy IWHKY
MaloTh HEOTHOPiZHI CKJax i CTPYKTYypy: V Tijlo Api6HOZMCIIEPCHUX ILIIBOK 3 HAHOKPUCTAJIB
ZnSe Ky6iunmoi mogudiranii Tumy IUHKOBOI OOMAaHKN BKPAILIEHO KJACTEPHU, IO SBJAINA
co6or0 ckymueHHs 6impm Benumkux Kpucraaukis Zn(OH),. ITosepxHio Takux miaiBok 6yio
BKPUTO TOHKMM amopduum mapom 3 Se, SeO, i OSe(OH),. 3rigmo mocrimxens emexTpmy-
HUX BJIACTUBOCTEl, €JeKTPOOCAJKeHi IIiBKM € HANIBIPOBiZHMKAMU n-TUIY.
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