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Abstract. Inert gas condensation method has been successfully employed for depositing
7ZnSe thin films. These films have been deposited at argon gas partial pressure of 2x10™!
mbar and room temperature (298 K). After deposition these films have been annealed
(in vacuum at 473 K) for one hour. The optical and electrical properties of these films
have been investigated before and after annealing using optical transmission and
conductivity measurements. The absorption coefficient (o) and band gap (E,) 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 (64) and photoconductivity (cp)
measurements, in the temperature range 253-358 K, indicate that the conduction in
these materials is through an activated process having two activation energies. 4 and
opn values increase with the annealing. The values of carrier life time have been
calculated and these values increase with the increase in the crystallite size on
annealing. Thermal treatment has appreciable effect on above mentioned properties.
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1. INTRODUCTION

ZnSe is group II-VI semiconductors having a direct optical band gap of about
2.7 eV [1-2]. This material has many attractive properties. Its large band gap, low
resistivity, remarkable photosensitivity makes it suitable for a variety of the
optoelectronic applications in the blue green wavelength region, including light
emitting diodes and lasers [3—8]. Due to its wide band gap and transparency over a
wide range, it is suitable for window layer for solar cells [9]. Further, it is also used
to produce optical elements (windows, lenses, prisms) for IR range including the
passive laser optics elements. It has superior optical transmission with extremely
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low bulk losses from scattering and absorption. The effect of different deposition
parameters such as pressure, substrate temperature, pH and annealing on properties
of ZnSe is an area of interest these days [10]. Due to its interesting physical
properties and device applications a variety of techniques have been used for the
deposition of ZnSe films. Some of these techniques are MOCVD [11], RF
magnetron sputtering [12], molecular beam epitaxy [13], MOVPE and Inert gas
condensation (evaporation in presence of inert gas) [14]. The knowledge of
structural, optical and electrical properties of ZnSe films is very important for such
applications. In the present work, Inert gas condensation technique is used to
prepare the ZnSe thin films, because this technique is relatively simple, inexpensive
and convenient, in particular for large area deposition. The present paper describes
the effect of vacuum annealing on optical and electrical properties of ZnSe films.

2. EXPERIMENTAL DETAILS

Melt-quenching technique was used to prepare semiconducting ZnysSess from
its constituents (SN pure) [15]. Thin films of this material were grown in a
conventional vacuum coating system on well degassed chemically cleaned Corning
7059 glass substrates. The vacuum chamber was evacuated to 2x10° mbar and Ar
gas was introduced through specially designed inlet tube having a jet of diameter
~ 0.5 mm. This jet was kept adjacent to the evaporation boat pointing towards the
glass substrates. The vacuum chamber was purged several times with spectroscopic
grade Ar gas to remove any residual gas impurities. Thermal evaporation of the
material was carried out from the Mo boat in the presence of Ar gas partial pressure
of 2x10" mbar. After deposition this film was annealed at 473 K for one hour in
vacuum of 2x10~ mbar. A double beam spectrophotometer [HITACHI-330] was
used to study the optical transmission in ZnSe thin films. Electrical measurements
of these thin films were carried out in a specially designed metallic sample holder
where heat filtered white light of intensity 8450 Lux (200 W tungsten lamp) was
shown through a transparent 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 the films (length ~ 1.0
cm; electrode gap ~ 8x1072 cm) was used for the electrical measurements. Pre
deposited thick Indium electrodes were used for the electrical contacts. The
electrical conductivity in thin film was calculated using two probe method. The
photocurrent (/,,) was obtained after subtracting the dark current (/;) from the
current measured in the presence of light. For transient photoconductivity
measurements, light was shone on the thin film for 90 seconds and then switched
off. The rise and decay of photocurrent was noted manually from a digital
picoammeter (DPM-11 Model). The accuracy in /,, measurements was typically 1 pA.
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3. RESULTS AND DISCUSSION

Fig. 1(i) shows the transmission spectra of as-deposited and annealed thin
films. From the transmission data, nearly at the fundamental absorption edge, the
values of absorption coefficient (a), are calculated the relation (1) and shown in

Fig. 1(ii).
d \T)

To see the nature of transition in ZnSe, the variation of d{In(akv)}/d(hv)
w.r.t. hv is studied [16]. Fig. 2(i) shows the plots of d{In(aAv)}/d(Av) vs hv, for
as-deposited and annealed thin films, with discontinuities at 2.95 eV and 2.21 eV
respectively.
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Fig. 1 — Transmission spectra (i) and absorption coefficients (ii) of as-deposited (a)
and annealed ZnSe thin films (b).

Taking these values as the optical gap of ZnSe thin films, In(okv) vs.
In(hv—E;) graphs are plotted. From the slopes of these straight line graphs
(Fig. 2(i1)), values of n have been calculated, which comes out to be 0.45 and 0.35
respectively. These values are close to 0.5 indicating that the transition is direct. The
values of optical gap were calculated using the straight line portion of (chv)"" vs.
hv graphs taking n = 0.5.

Figure 3 shows the plots of (ahv)” vs. hv for as-deposited and annealed thin
films. The experimental values of the optical gap calculated from the figure are
(3.00 £ 0.01) eV for as-deposited and (2.80 + 0.01) eV for annealed thin films.
There is a red shift of 0.20 eV in the optical gap after annealing the film. This
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shows that the improvement in crystallinity is followed by a shift in the optical
absorption edge of the films towards lower energy values. The increase in
crystallinity on annealing ZnSe thin films at 473 K for 15 minutes was also

reported previously [10].
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Fig. 2 — Variation of d{In(aav)}/d(hv) with energy (i) and plots of In (ahv) vs. In(hv—Eg) (ii)
for as-deposited (a) and annealed ZnSe thin films (b).
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Fig. 3 — Variation of (ahv)* with energy for as-deposited (a) and annealed ZnSe thin films (b).
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Fig.4 — I-V plots (i) and temperature dependence of dark conductivity (ii) for as-deposited (a) and
annealed ZnSe thin films (b).

Figure 4(i) shows the current vs. voltage plots for as-deposited and annealed
ZnSe thin films. The /-V curves are found to be symmetric and linear upto the
operating range of applied voltage. The electrical conductivity shows typical
Arrhenius type of activation

S exp(#} @)

where AFE is the activation energy for conduction and & is the Boltzmann’s
constant. The values of oy for as-deposited and annealed ZnSe thin films are found
to be (2.19 + 0.02)x10® Q'em™ and (4.23 + 0.02) x10™® Q em™ respectively at
298 K. These values of conductivity are in good agreement with earlier reported
values [17-18]. Figure 4(ii) shows the temperature dependence of dark
conductivity for as-deposited and annealed ZnSe thin films in the temperature
range 250-370 K. The plots of Ino, vs. 1000/T have two linear portions. First in the
lower temperature range (250-315 K), characterized by a small slope and second in
higher temperature range (315-370 K) having large slope. The activation energies
for dc conduction have been calculated from the slopes of Inoy vs. 1000/T curves
for both lower and higher temperature ranges. The temperature dependence of the
conductivity at lower temperature in the range can be attributed to extended state
conduction mechanism. In higher temperature range the electronic transport
properties of thin semiconductor films are strongly influenced by their structural
characteristics (the crystallite shape and size, inter crystal boundaries, lattice
defects, etc.) and purity (nature and concentration of the impurities, adsorbed and
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absorbed gases, etc.). So, the conduction mechanism in ZnSe thin film samples can
be explained on the basis of the Seto's model with several modifications proposed
by Baccarani et al. [19].
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Fig. 5 — Temperature (i) and intensity dependence of photo conductivity (ii) for as-deposited (a)
and annealed ZnSe thin films (b).

The values of 6; and AE, are given in Table 1. The value of o, increases and
AE, decreases on annealing ZnSe thin film. This type of behavior has also been
observed by others for semiconductors [20-21]. The increase in electrical
conductivity and decrease in activation energies after annealing may be due to the
change in crystal structure (improvement in crystallite and grain size), decrease in
inter-crystallite boundaries (grain boundary domains) and removal of some
impurities (adsorbed and absorbed gases). Excess atoms of compound are also
possible [22] due to a small change in stoichiometry after annealing.

Figure 5 (i) shows the temperature dependence of photoconductivity for
as-deposited and annealed ZnSe thin films. The values of photoconductivity are
calculated to be (9.42 + 0.02)x107 Q'em™ and (2.85 + 0.02)x10° Q'em™ for
as-deposited and annealed ZnSe thin films at 298 K. Clearly, the value of o,
increases on annealing. The photo activation energy has been calculated using the
slopes of Fig. 5 (i) and is found to decrease from (0.22 £ 0.01) eV to (0.10 £0.01) eV
on annealing (Table 1). The activation energies for photoconduction are much
smaller than for the dark conduction. No maximum in the steady state
photoconductivity with temperature has been observed in the measured
temperature range. Photosensitivity is found to increase after annealing.
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Fig. 6 — Rise and decay of photocurrent for as-deposited (a) and annealed ZnSe thin films (b).

Figure 5 (ii) shows the intensity dependence of o,, for as-deposited and
annealed ZnSe thin films. It is clear from the figure that Inc,;, vs. InF curves are
straight lines indicating that the o, follows a power law with intensity (F), i.e., Gy
oo F". In as-deposited and annealed ZnSe thin films, the values of y are found to be
in between 0.5 and 1.0, indicating that the resulting recombination mechanism is
bi-molecular [23], where the recombination rate of electrons is proportional to the
number of holes. Photosensitivity (c,,/c,) of the order of 10-10? has been found in
ZnSe thin films.

Figure 6 shows the rise and decay curves of 1, for as-deposited and annealed
ZnSe thin films. 1, rises to a steady state value and no peak is observed for as-
deposited film while a peak is observed in rise curve of annealed ZnSe film. It is
evident that decay of 1, is slow. In materials, having traps in the mobility gap, the
recombination time of carriers is same as carrier life time when free carrier density
is more than trapped carrier density [24]. If the free carrier density is much less
than the trapped carriers, then the recombination process is dominated by the rate
of trap emptying and is much larger than carrier life time, resulting in a slow decay.
During decay, the photocurrent does not reach zero for a long time after the
incident light is switched off. A persistent photocurrent is observed in all the cases.
This type of photoconductive decay has also been reported in various other
semiconductors [25-27]. In the present case, non-exponential decay of photocurrent
is observed. The values of 1, at different times have been calculated using.
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for as-deposited and annealed ZnSe thin films from the slopes (at different times)
of decay curves of Fig. 6.

Fig. 7 — Plots of Int, vs. Inf for as-deposited (a) and annealed ZnSe thin films (b).
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The decay times observed for ZnSe thin films are found to be time dependent.
The value of 7, increases with time, which confirms the non-exponential decay of
photocurrent. Fig. 7 shows the plots of Inz; vs. Inz for as-deposited and annealed
ZnSe thin films at a temperature 298 K and intensity 8450 Lux. The extrapolation
of the curves at 1 = 0, give the values of the carrier life time [28] and are found to
be 1.6 and 1.3 seconds for as-deposited and annealed ZnSe thin films respectively.
Clearly, the carrier life time decreases on annealing the film. The straight lines in
Fig. 7, obey a power law of the form ", with N = d(Inz,/Inf) and the values of N
are 0.69 and 0.82 for as-deposited and annealed ZnSe thin films.

Table 1
Optical and electrical parameters of ZnSe thin films before and after annealing
Band (7] Gph AE,; AE,;, v T4 Carrier
Gap (V) life
@V) | (@"em™) | (@"em™) [*LTR | HTR | (V) (sec) | time (s)
ABefor.e 3.00 | 2.19x10° | 9.42x107 | 028 | 0.63 | 022 | 055 | 248 | 1.60
nnealing
After 8 -6
Annealing 2.80 | 4.23x10 2.85x10 0.39 0.59 | 0.10 | 049 | 225 1.30

* LTR = Low temperature range; HTR = High temperature range
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4. CONCLUSIONS

The ZnSe thin films were deposited on well degassed corning glass substrates
using inert gas condensation technique. The transition in the films was found to be
direct. The optical band gap value decreases after annealing. The value of o4
increases and AE, decreases after thermal annealing. /-V curves are symmetric and
linear up to the operating range of applied voltage. Steady state photoconductivity
studies indicate that there is continuous distribution of localized states. Decay of
photocurrent is non-exponential and slow which may be due to the presence of
deeper localized states in this material. The value of decay time constant increases
with time, confirming the non-exponential decay of photocurrent. The carrier life
time is found to decrease with annealing.
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