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ABSTRACT

ZnSe thin films have been prepared by inert gas condensation method at argon gas partia pressure of 2x10?
mbar and room temperature (298 K). The influence of thermal annealing in vacuum, on optical and electrical
properties of ZnSefilms have been investigated using optical transmission and conductivity measurements. The
absorption coefficient (o) and band gap (Eg) are calculated using transmission curves. Optical transmittance
measurements indicate the existence of direct allowed optical transition with a corresponding energy gap in the
range of 2.80-3.00 eV. The dark conductivity (o) and photoconductivity (cph) measurements, in the temperature
range 253-358 K, indicate that the conduction in these materials is through an activated process having two
activation energies. s, and .y valuesincrease withtheincreasein the crystallite size on annealing. The values of
carrier life time have been calculated and are found to increase with the increase in the crystallite size on
annealing. Results show that the above properties change appreciably after the thermal treatment.
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INTRODUCTION

ZnSeisoneof thegroup I1-VI semiconductorsand
hasadirect optical band gap of 2.58 eV*2, It hasbeen
regarded asmateria with many attractive properties,
such as large band gap, low resistivity, remarkable
photosensitivity etc., which makesit suitable materia
for avariety of the optoel ectronic applicationsin the
blue green wavelength region, including light emitting
diodes and laserd®®l. Because of wide band gap and
transparency over awiderange, it issuitablefor win-
dow layer for solar cell§¥. ZnSeisused for production
of optical elements (windows, lenses, prisms) for IR
rangeincluding thepassvelaser opticselements. It has
superior optica transmission with extremely low bulk

lossesfrom scattering and absorption. ZnSeisthefirst
choicefor high power laser windowsand multispectra
applicationswith useful transmitting range’?. Theef-
fect of different deposition parameters such aspres-
sure, substratetemperature, pH and annealing on prop-
erties of ZnSeis an area of interest these days12.
Because of thelr interesting physical propertiesand de-
vicegpplicationsavariety of techniqueshave been used
for the deposition of ZnSefilms, suchasMOCV D,
RF magnetron sputtering, molecular beam epitaxy!*¥,
MOV PE and vacuum evaporation*®, Theknowledge
of structural, optical and el ectrical propertiesof ZnSe
filmsisvery important for such applications. Indiumisa
very good contact materid for thisZnSethinfilm. Itis
used asan ohmic contact for thisZnSethin-film struc-
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ture. Thevacuum evaporation techniqueisused to pre-
paretheZnSethin films, becausethe vacuum evapora:
tiontechniqueisrdatively smple, inexpensiveand con-
venient, in particular for largeareadeposition. Inthis
paper, we report the structural, optical and electrical
propertiesof ZnSethin filmsdeposited at different Ar
gaspressures.

Inthe present work, the optical and eectrical prop-
ertiesof ZnSethinfilmsdeposited by inert gasconden-
sation method have been studied. The absorption co-
efficient (o) and band gap (Eg) are calculated using
tranamisson curves. Dark- and photo-conductivity (with
temperature and intensity) measurements have been
doneonthesefilms. Also, transient photoconductivity
behaviour isstudied using riseand decay andysis. The
present paper describesthe effect vacuum annealing
on optical and electrica propertiesof ZnSefilms.

EXPERIMENTAL

The semiconducting Zn, Se . was prepared from
itscongtituents (5N pure) by melt-quenching technique
asdescribed earlier™., Thinfilmsof thismateria were
growninaconventiona vacuum coating sysemonwell
degassed chemically cleaned Corning 7059 glass sub-
strates. Thevacuum chamber was evacuated to 2x 10
6 mbar and Ar gas was introduced through specially
designedinlet tube having ajet of diameter ~0.5mm.
Thisjet waskept adjacent to theevaporation boat point-
ingtowardsthe glass substrates. Thevacuum chamber
was purged severa timeswith spectroscopic gradeAr
gasto remove any residual gasimpurities. Thermal
evaporation of themateriad was carried out from the
Mo boat. Thisfilmisthen annealed at 473K for one
hour. Annealing isdonein vacuum of 2x10° mbar. A
double beam spectrophotometer [HITACHI-330] was
used to sudy theopticd trangmissoninZnSethinfilms.
The el ectrical measurements of thesethinfilmswere
cariedoutinaspecidly designed metalic samplehol der
wherehest filtered whitelight of intensity 8450 Lux (200
W tunggtenlamp) wasshown through atrangparent glass
window. A vacuum of about 10 mbar was maintained
throughout these measurements. Light intensity was
measured using a digital luxmeter (MASTECH,
MS6610). Planar geometry of thefilms(length~1.0
cm; electrode gap ~ 8x102 cm) was used for the el ec-
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trical measurements. Predeposited thick Indium elec-
trodeswereused for the electrical contacts. Theelec-
trica conductivity inthinfilm hasbeen caculated using
two probe methods. The photocurrent (I ph) was ob-
tained after subtracting the dark current (I ) fromthe
current measured in the presenceof light. For transient
photoconductivity measurements, light was shoneon
thethin film and, the rise and decay of photocurrent
wasnoted manualy from adigital picoammeter (DPM-
11 Modd). Theaccuracy in | measurementswastypi-
caly 1 pA.

RESULTSAND DISCUSSION

Optical properties

Figure 1(i) showsthetransmission spectraof as-
deposited and annealed thin films. From thetransmis-
siondata, nearly at thefundamental absorption edge,
theval ues of absorption coefficient (), are calcul ated
intheregion of strong absorptionusingtherelation,

a-2(2) .

andareshowninfigure 1(ii).

Toseethenatureof trandtioninn-ZnSe, thevaria
tionof d{ In(athv)}/d(hv) w.r.t. hv isstudied asdescribed
dsewherd®®. Figure2(i) showstheplotsof d{ In(ahv)}/
d(hv) vs. hv, for as-deposited and annealed thin films,
with discontinuities at 2.95 eV and 2.21 €V respec-
tively. Taking thesevalues asthe optical gap of ZnSe
thinfilms, In(ahv) vs. In(hvEg) graphsare plotted. From
the slopes of these straight linegraphs (Figure 2(ii)),
values of n have been calculated to be 0.45 and 0.35
respectively, which are closeto 0.5 indicating that the
trangtionisdirect. Thevauesof optica gap arecacu-
lated by extrapol ating the straight line portion of (athv)Y
"vs. hv graphsto hv axistakingn=0.5. Figure 3 shows
theplotsof (ahv)?vs. hv for as-deposited and anned ed
thinfilms. Thecorrect va ues of the optica gap calcu-
lated fromthefigurearefoundto be (3.00+0.01) eV
for as-deposited and (2.80 + 0.01) eV for annealed
thinfilms. Thereisared shift of 0.20eV intheoptica
gap after annedingthefilma 473K invacuumfor one
hour. Thisshowsthat theimprovementincrystdlinity is
followed by ashift inthe optical absorption edge of the
filmstowardslower energy va ues. Samatillekeet d .[*9
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Figurel: (i) Transmission spectraand (ii) absor ption coeffi-
cientsof (a) as-deposited and (b) annealed ZnSethin films
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Figure2: (i) Variation of d{In(ahv)}/d(hv) with ener gy and
(ii) plotsof In (ahv) vs. In(hv—EQ) for (a) as-deposited and (b)
annealed ZnSethin films
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Figure3: Variation of (ahv)?with ener gy for (a) as-deposited
and (b) annealed ZnSethin films

a soreported theincreasein crystallinity on anneding
ZnSethinfilmsat 473K for 15 minutes.

Electrical properties
Figure4(i) showsthecurrent vs. voltage plotsfor

as-deposited and annealed ZnSethinfilms. Thel-V
curvesarefound to be symmetric and linear upto the
operating rangeof applied voltage. Theeectrica con-
ductivity showstypica Arrheniustypeof activation,

G4 =0, EXp(ﬂj (6)

kT

where AE isthe activation energy for conduction and k
isthe Boltzmann’s constant. The values of 5 for as-
deposited and annedled ZnSethinfilmsarefound to be
(2.19 £ 0.02)x10% O*cm? and (4.23 + 0.02))x10®
Qlcm? respectively at 298 K.

Thesevauesof conductivity arein good agreement
with earlier reported values®2Y, Figure4(ii) showsthe
temperature dependence of dark conductivity for as-
deposited and annedled ZnSethin filmsin thetempera
ture range 250-370 K. The plots of Inc, vs. 1000/T
havetwo linear portions. First inthelower temperature
range (250-315K), characterized by asmall dopeand
second in higher temperaturerange (315-370K) hav-
ing larged ope. Theactivation energiesfor dc conduc-
tion hasbeen ca culated from thed opesof Inc , vs. 1000/
T curvesfor bothlower and higher temperatureranges.
Thevaluesof 6, and AE aregivenin (TABLE 4.6).
Thevalue of 6, increases and AE, decreases on an-
nealing ZnSethinfilm. Thistypeof behaviour hasalso
been observed by othersfor semiconductors??#. The
increasein eectrical conductivity and activation ener-
giesafter annealing may be dueto thechangein struc-
tura parameters, improvement in crystalliteand grain
size, decrease in inter-crystallite boundaries (grain
boundary domains) and removal of someimpurities
(adsorbed and absorbed gases). Excessatomsof com-
pound are also possible?? due to asmall changein
stoichiometry after annealing.

Figure5 (i) showsthetemperature dependence of
photoconductivity for as-deposited and annedled ZnSe
thinfilms. Thevaluesof photoconductivity arecalcu-
lated to be (9.42 + 0.02)x107 Q*cm™ and (2.85 +
0.02)x10°® Qcm? for as-deposited and annealed
ZnSethinfilmsat 298 K. Clearly, thevalueof o, in-
creaseson annealing. The photo activation energy has
been caculated usngthedopesof figure4.22 (i) andis
found to decrease from (0.22 + 0.01) eV to (0.10 +
0.01) eV onannealing (TABLE 4.6). The activation
energiesfor photoconduction aremuch smaler thanfor
the dark conduction. No maximum inthe steady state
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Figure4: (i) 1-V plotsand (ii) temperatur e dependence of
dark conductivity for (a) as-deposited and (b) annealed ZnSe
thin films
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Figure6: Riseand decay of photocurrent for (a) as-deposited
and (b) annealed ZnSethin films

photoconductivity with temperature has been observed
inthe measured temperaturerange. Photosensitivity is
found toincrease after annealing. Figure5 (ii) shows
theintensity dependence of O for as-deposited and
annedled ZnSethinfilms Itisclear fromthefigurethat
Inc VS InF curvesarestraight linesindicating that the
O followsapower law withintensity (F),i.e, o0 F.
In as-deposited and annedled ZnSethin films, theval -
uesof y arefoundto bein between 0.5and 1.0, indi-
cating that theresulting recombination mechanismishi-
molecular®, wherethe recombination rate of e ectrons
isproportiona to the number of holes.

Photosensitivity (o, /o) of theorder of 10-107 has
beenfoundinZnSethinfilms.

Figure 6 showstheriseand decay curvesof | " for
as-deposited and anneded ZnSethin films. | risesto
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Figure5: (i) Temperatureand (ii) intensity dependence of
photo conductivity for (a) as-deposited and (b) annealed ZnSe

thin films
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Figure 7 : Plotsof Int, vs. Int for (a) as-deposited and (b)
annealed ZnSethin films

asteady state value and no peak is observed for as-
deposited film whileapeak isobservedinrisecurveof
annealed ZnSefilm. Itisevident that decay of | | is
dow. Inmaterials, having trapsin themobility gap, the
recombination timeof carriersissameascarrier life
timewhenfreecarrier density ismorethan trgpped car-
rier density’?, If thefree carrier density ismuch less
than thetrapped carriers, then the recombination pro-
cessisdominated by therate of trap emptyingandis
much larger than carrier lifetime, resultinginaslow
decay. During decay, the photocurrent does not reach
zerofor along timeafter theincident light isswitched
off. A persistent photocurrentisobservedindl thecases.
Thistype of photoconductive decay hasalso beenre-
ported in various other semiconductors?-2, |n the
present case, non-exponential decay of photocurrentis
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Full Poper =

observed. Thevauesof 1, at different timeshave been
cdculated usingfollowing eg. (15).

]

Eq. (15) for as-deposited and annealed ZnSethin
filmsfrom thed opes(at different times) of decay curves
of Figure®6.

Thedecay timesobserved for ZnSethinfilmsare
found to betime dependent. Thevalueof T increases
withtime, which confirmsthenon-exponentia decay of
photocurrent. Figure 7 showstheplotsof Int vs. Int
for as-deposited and annedled ZnSethinfilmsat atem-
perature 298 K and intensity 8450 Lux. Theextrapo-
lation of thecurvesat t =0, givethe values of the car-
rier lifetime® and are found to be 1.6 and 1.3 sec-
ondsfor as-deposited and annealed ZnSethinfilmsre-
spectively. Clearly, the carrier lifetimedecreaseson
annedingthefilm. Thestraight linesinFig. 4.24, obey a
power law of theformt™, withN = d(Inz /Int) and the
values of N are 0.69 and 0.82 for as-deposited and
anneded ZnSethinfilms.

(15)

CONCLUSIONS

The ZnSethin filmswere deposited on well de-
gassed corning glasssubstratesusing inert gas conden-
sationtechnique. Thetrangtioninthefilmswasfound
to bedirect. The optical band gap val ue decreases af -
ter annealing. Thevalue of 6 increases and AE, de-
creases after thermal annealing. I-V curvesare sym-
metric and linear up to the operating range of applied
voltage. Steady state photoconductivity sudiesindicate
that thereis continuousdistribution of localized states.
Decay of photocurrent isnon-exponential and slow
which may be dueto the presence of deeper localized
gatesinthismateria. Thevaueof decay timeconstant
increaseswith time, confirming the non-exponentia de-
cay of photocurrent. Thecarrier lifetimeisfoundto
increaseanneding.
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