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ABSTRACT

The present survey describes the different of preparing ZnSe polycrystal-
line thin films using various substrates which suggest that the different
methods employed for preparation of thin film are not of much importance as
far as morphology and crystallinity of the films are concerned. All methods
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described are easy, inexpensive and nonpolluting. Post annealing of this

film plays an important rolefor achieving crystallinity.
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INTRODUCTION

Zinc Selenideisawell known [1-VI semicon-
ductor whichisapopular opto- electronic semicon-
ducting material having awide band gap of 2.7eV
(direct bad gap). Because of its large band gap it
has gained considerable attention for itsuse asthin
film photoanodein photoel ectrochemical cellgt-2.
Therefore ZnSe substitutes CdS in photoel ectro-
chemical cellsfor an expectation to get higher cell
efficiency asit allowstransmission of higher energy
photons than band gap of CdS (2.4eV)E. Thefirst
work on ZnSe el ectrode used as photoel ectrodein
theform of single crystal wasreported by Williamin
theyear 19671,

ZnSe was used as photoel ectrode in the form of
singlecrysta asreported by Williamintheyear 19671,
Thepreparation of ZnSesinglecrystal isnot only very
much expensiveandtediousbut alsoit isunstable due

to photoanodi ¢ dissol ution which makesit unsuitable
for itsusein photod ectrochemical cell.

In thispaper, we briefly review various methods
for preparation of thin film ZnSe semiconductorsdis-
cussed by variousworkers.

SELECTION OF SUBSTRATE

The selection of substrate used for deposition of
semiconductor materid intheform of thinfilm playsan
important role. The substrate chosen for this purpose
should exhibit good adhes onto thesemiconductor film.
It should be electrochemically inert to the el ectrolyte
used in photodl ectrochemicd cell. Thesubstratesused
for deposition of n-type ZnSe semiconductor thinfilm
are conducting glass (SnO,coated), fluorinedopedtin
oxide (FTO) coated glass, nickel coated glass, ITO
glass, titanium, nickel, non-conducting glassdides, cop-
per, stainlesssted, gold etc.
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PREPARATION OFTHINFILM

C.D.Lokhandeet a® prepared ZnSethinfilmon
FTO coated glass substrate by chemical bath deposi-
tion (CBD) method using agueous solution containing
selenourea (0.06M), ZnSO, (0.5M), ammoniasolu-
tion (0.7M) and hydragine hydrate (80%). Thetem-
perature was maintained at 80°C.

Inthe presence of liquid anmonia, ZnSO, forms
Zinc-ammoniacomplex (Zn(NH,),*. Selenideions
(Se?) arereleased from sel enoureawhich react with
the above complex to produce ZnSe. The reactions
involved in ZnSe growth process have been proposed
asfollows
Zn(NH,),»+N,H,CSe— ZnSe
+H,CN, +4NH_+2H* (1)

It hasbeen reported that thefilmswerefound to be
amorphous contai ning Oxygen and Nitrogen in addi-
tion to Zinc and Selenium. However ZnSefilmsob-
tained werefound to be photoactive dueto excess gen-
erated e ectron.

GRiveroset d® prepared polycrystdlineZnSethin
film by e ectrodeposition method using an el ectrolytic
solution containing 0.2M Zinc sulphate, 104-10°M
SeQ,. The pH of the solution was adjusted to 2.4 by
adding sulfuric acid. Thin films were deposited
potenti ostatically on titanium plates; glass substrates
coated with fluorinedopedtin oxideand ITO glasssub-
strates. From voltammetric study they stated that the
well defined peak at - 0.6V isassociated with deposi-
tion of selenium accoding to thereaction
H,Se0, + 4H*+4e — Se+3H,0 2

Sincethedeposit isred colored amorphous sele-
nium.

Theabovereactionisfollowed by deposition of
ZnSethinfilm, asthereaction asmentioned below is
favored by thefree energy change of ZnSeformation
i.eA.G=-137kJmole.

Se+Zn* +2e — ZnSe (3)

The ZnSe semiconductor filmwasfound to be p-
typewith energy gap value (Eg) of 2.6-2.7eV.Asfar as
adherence, morphologica and crystallinity properties
are concerned, thetitanium substrate wasfound to be
better.

For thefirst time R.Kumaresan et a® studied the
depogition of polycrystdlinethinfilm of ZnSeby anew

technique called photochemical deposition method
(PCD) and optimized the growth parameters. Indium-
tin oxide (ITO) coated glass substrate was used for
depaosition which wasimmersed in the deposition solu-
tion near the surface. The deposition was performed
from an aqueous solution of Zinc sulphate, sodium
sel enosul phate and sodium sulphite. The deposition
solution and the substrate wereilluminated by UV light
from thetop. ThepH of the sol ution wasmaintained by
adding sulfuricacid.

They proposed that by absorption of UV light the
SO, ions get excited and release el ectron.

SOz +hv—> SO, +e 4

Inacidic medium Seleniumisreleased from selen-
iteionsaccordingto thereaction:

H,SeO,+4H* +4e — Se+3H,0 )

Thesdeniumatomsthusgenerated and the solvated
electronsreact with theZr?* ions(from ZnSO,) tofrom
ZnSe compound accordingto thereaction:

Zn* +H,Se0,+ 4H* + 6S0,> + hv — ZnSe
+3H,0 +35,0.% )

Thedepositionrate, asreported, wasfound to be
low when thesubstrate was non conducting (glass). The
as-deposited filmswereamorphousin naturewhich be-
came crystalline on high temperature annealing. The
PCD-ZnSefilmsexhibited stoichiometric composition
with uniform nature due to annealing at high tempera-
ture.

Gl.Rusu et d!™ prepared ZnSethin film on glass
substrate by physical vapor deposition under vacuum.
Thefilmsaobtained were polycrystalineand the optica
band gap energy wasfound inbetween 2.5 and 2.8€V.
ThezZnSethin filmsweregrown by S.Soundeswaran et
al®® potentiostatically using electrodeposition
(electrocrystdlization) method from an aqueous el ec-
trolyte containing 1M ZnSO, and 100 mM SeO, at
room temperature. The pH of the solution was main-
tained a 2.1 using dilute H,SO,. The substrates used
weretitanium plateand I TO coated glass.

The electrochemical equations involving the
el ectrocodeposition of Zn and Seasreported by them
areasbeow:

Zn*+2e=7n )
SeO, +4H" +4e =Se  +2H,0 8

Thekey factorsfor the deposition of ZnSewere

stated to be deposition potentia and SeO, concentra-
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tion. Theratio of [Zn*] /[SeO,] was made large by
adjusting the Zinc deposition potential in such away
that it comes closer to that of deposition potential of
Sdenium, gpplyingtherdaions:

olt
Em_EOm+ﬂ|n N
2F azn
2+ ©)
=—1.005+ 0.0295log—Z1-
azn
And
o)
Ese=E°se+ﬂlnOlse 2+ﬂln(mi)
4F a, F H+
(10)

= 05+0.014810g *=°2 _ 0,0505pH

WhereE, °and E_ ? are standard potential of Zinc
and selenium respectively (wrt to standard SCE).

Thenatureof thesubstratewasfound to have strong
influence on the nature of the ZnSe deposit. Thetita
nium substrate was found to be superior to other.

Another gpproach tothe deposition of polycrystal-
lineZnSethinfilmissuccessiveioniclayer adsorption
and reaction (SILAR) which has been reported by
R.B.Kaleand C.D.Lakhande®. Thefilmshave been
deposited onto glasssubstrate a roomtemperaturefrom
an agueous solutions containing 0.13M sodium
selenosul phate (pH =12), 0.25M Zinc acetate com-
plex using 1M tartaric acid.

Theformation of ZnSethin filmsasreported by
SILER method involvesthefollowing steps:

Sodium sel enosul phate undergoeshydrolysisto pro-
ducesdenideionsasfollows:
Na,SeSO, + OH-— Na,SO, + HSe (11)
HSe + OH — H,0 + Se* (12)

Onimmersion of theglasssubstratein the solution
containing Zn?* ions, they (ions) are adsorbed on the
surface of the substrate. When such substrateisdipped
inasolution containing Se* ions, ZnSeisformed dueto
thefollowing reaction:

Zn* +Se> — ZnSe (13)

Asstated inthismethod thethicknessof thinfilm
depends upon concentration, pH, temperature, num-
ber of deposition cycles, rinangtimesetc. Thethinfilm
of ZnSeonto glasssubstrate hasbeenvisibleonly after

50 deposition cycles and the thickness of thefilmis
found to beincreaselinearly with number of deposition
cyclesand reaches maximum at 150 deposition cycles.
The ZnSethin film has been reported to be uniform,
homogeneous and well covered to the substrate.

From optical absorption study they found thefilm
to haveband gap energy 2.8eV and room temperature
electricd resigtivity of theorder of 10’ ohmcm.

Synthesis of ZnSe thin film has been described
by, They have adopted the chemical bath deposition
(CBD) whereZnSethin filmwassynthesized froman
dkainebath onglasssubsrates Thechemicd bath used
was an agueous sol ution containing 10 ml of (0.2M)
ZnS0O,.7H,O, 15 ml of (1M) tartaric acid, 25 ml
of (2.8M) ammonia, 25 ml of (2%) hydrazine hydrate
and 10 ml of (0.25) sodium selenosul phate. The pH of
theresulting solution was 11.45 and temperature was
maintained at 333K. TheZnSethinfilmwasdeposited
for atime period of 2 hours. They proposed thefol-
lowing growth mechanism.

Zn?* ionsin thereaction mixturereact with tartaric
acid toform water soluble Zn-tartarate complex. So-
dium selenosulphatein alkainemedium dissociatesto
produce selenideions (Se%). Themetd complex inter-
actswiththe Se* ionstoform ZnSethinfilm.

Zn*+nA? - [Zn(A) ] (14
Na,SeS0, +OH - Na,SO, +HSe (15)
HSe +OH — S& +H,0 (16)
[Zn(A),] +Se# — ZnSe+nA? an

Hydrazine hydrate (A) according to the authors
might be playingtheroleof catayst.

ZnSethinfilmsdeposited using theabove methods
have been found to be amorphouswhich on annealing
becoming crystdline.

ZnSethin film has band gap energy of 2.81eV as
shown from optical absorption study. Theroom tem-
perature electrical conductivity of znSethinfilmisof
theorder of 10 (ohm.cm).

Theinfluenceof deposition potentia, temperature,
concentration of electrolytic bath on crystallinity and
composition of ZnSethinfilm prepared by dectrodepo-
sition method have been studied by™™!. TheZnSethin
film wasprepared on conducting glass (FTO) substrate
from an agueous sol ution containing ZnSO, and SO,

Theéd ectro co-deposition of zinc and seleniumwas
done by using an el ectrol ytic bath containing 50-300
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mM of ZnSO, and 0.2-2mM of SeO, having pH vaue
withinrange2to 3. Thedeposition was carried out at
different temperaturesand the deposition potentid was
variedfrom-0.6t0-1.2V versus SCE.

ZnSethinfilmwasformed dectrochemicaly by fol-
lowing reactionsas proposed:

H,Se0, + 4H" + 4e — Se+3H,0 (18)
Zn* +2e — Zn (19)
Zn+Se— ZnSe (20)

They observed that good quality polycrystalline
ZnSeisformed at deposition potentia of -0.8V versus
SCE.

Asfar aseffect of bath composition on structural
propertiesZnSethin filmisconcerned, the concentra:
tion of SeO, wasreportedto haveakey roletoplay in
theformation of thefilm by e ectrodeposition method.
With SeO, concentration of 1mM wasfoundto bemost
favorableasfar ascrysd linity and morphology of thin
filmis concerned. However concentration of ZnSO,
doesn’t affect the structure of the same. Asobserved
by other research workers, here a so, the authorsre-
ported enhancement of crystallinesizewith annealing
temperature.

It has been reported™ that the optical band gap of
ZnSethinfilm at roomtemperatureis2.67 eV. Excess
selenium could bedliminated by anneding thefilms.

Thecondition of thee ectrodeposition of athinfilm
of polycrystaline ZnSe on Copper substratefrom an
agueous bath consisting of 0.001 to 0.008M H,SeQ,
and 0.1 to 0.8M ZnSO, solutions with pH = 2 (ad-
justed by addition of dil. H,SO,) at different tempera-
tures such as 25, 50 and 75°C were studied by
Remigiusz. From the potenti ostati c € ectrodeposition
of ZnSethinfilm, they reported that the processwas
accelerated by an increase of concentration of sele-
niousacid. However the change of amount of zincions
intheelectrolytic bath did not produce any effect on
the composition of thefilm. Hightemperature could ac-
celerate the deposition process and a so improvethe
quality of theZnSethin film coating. Similar observa
tionswere reported earlier by workerd*l, They pro-
posed™? thefollowing mechanism for theformation of
ZnSethinfilm starting with areduction responsiblefor
Sdeniumdepostion:

H,Se0, + 4H*+4e — Se+3H,0 (21)

At morenegative potentia for thereduction of the

deposited seleniumto H_Seispossible
Se +2H* + 2e — H,Se (22)

Thinfilm of ZnSeisformed at the cathode dueto
thefollowing reaction:

S +Zn* + 2 — ZnSe (23

Other competitivee ectrochemica reactionswhich
arelikdyto occur during eectrolyss, likehydrogenevo-
lution as mentioned in reaction (22). Theexcessof se-
lenium inthefilmsasreported by them (12) wasprob-
ably dueto chemical reaction between the selenious
acid and hydrogen selenidewhichtakesplacecloseto
theelectrode surfaceasfollows:

H,Se0, +2H,Se— 3Se+3H,0 (29)

They haved so reported that higher depogitiontem-
peratureled to theformation of stablecrystallized ZnSe
thinfilms

P.P.Hankare et all*® published a paper on
photoel ectrochemical gpplication of ZnSethinfilm pre-
pared by chemica deposition method. Herethey used
adainlesssted plate assubstrate. Theefficiency of the
PEC cdll using sulphide— polysul phide redox e ectro-
lytewasfound to be 0.13%.

Zn Zhang, Xuezho shi, Chunming Wangi*¥! studied
themechanism of formation of ZnSethinfilm el ectro-
chemically on gold-disk e ectrode. The solutionsused
for formation of Zinc atomic layers consisted of 2.5
mM ZnSO, and 0.5M ammonium acetate as support-
ing el ectrolyte. The pH of the solution was adjusted at
9 by usngammoniumhydroxide. Smilarly for sdenium
deposition they used solution consisting of 2.5 mM
H,SeO, and 0.5M Na,SO, assupporting electrolyte,
thepH being 4. Theblank solution asreported by them
consisted of 0.5M Na,SO, (pH =4).

The mechanism reported by the authorsisasfol-
lows

The el ectrodeposition of selenium atom onto the
gold substrate using H,SeO,and Na,SO, solutions may
be according to thereduction reaction,

H,Se0,+4H* +4e — Se+3H,0 (25)

The bulk selenium undergoesreduction to Se,
Se+2H*—>H,Se (26)

Asreported (13) reaction (26) will be accompa:
nied with asubsequent reaction asfollows:
2H,Se+H,Se0, — 3Se+3H,0 (27)

The s enium covered gold € ectrode when dipped
in0.5M ammonium acetateand 2.5 mM ZnSO,. The
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atoms deposited on the el ectrode react with H2Seto
formZnSe,
Zn+H_Se— ZnSe+2H* (28)
CONCLUSION

It has been suggested that cathodi ¢ el ectrodepos -
tionissuperior inall respect to other methods. Therma
post-depositiontrestment i.e. anneaing hasbeenfound
to bevery much effectivefor getting polycrystdlinethin
film. The optical band gap energy (Eg) at room tem-
peraturefor ZnSethinfilm prepared by different meth-
ods has been reported to be 2.5eV to 2.8eV. Neither
methodsof preparation nor the substrate used play any
roletodecideoptica propertiesof ZnSethin films. Out
of dl themethods mentioned, the PCD (photochemicd
method) techniqueisfound to be new and potential
method for the deposition of polycrystallineZnSe com-
pound semiconductor thinfilm.

L
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