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ABSTRACT

The present work demonstrates the electrical transport and photo response properties of nano PbS / n-Si hetero
junction grown by chemical bath deposition. Polycrystalline nature of nanostructured PbS is confirmed by the X-ray
diffraction. XRD measurements show that these nano films have sharp peaks at 26=30° indicating a preferred orientation
along (200) plane, with grain size increase with deposition time. The electrical transport properties of the device were
studied at room temperature. The diode shows good ideality factor and rectifying behavior with an on/off ratio change with
deposition time. Experimental data showed that the responsivity cutoff point corresponds to the absorption edge of the

siliconsubstrate, and films photosensitivity depends on the film thickness
KEYWORDS: Nano PbS, Hetrojunction, Chemical Bath Deposition
INTRODUCTION

Nano-structured layers in thin film photovoltaic devices offer three important advantages allowing more design
flexibility in the absorber and window layers (1, 2). Lead sulfide (PbS) has a relatively small band gap (0.41 eV at 300 K)
The band gap of PbS can be easily adjusted up to a few electron volts when in the form of nanometer sized dots ( 3) . A
great deal of research efforts has been devoted to the synthesis of PbS nanoparticles of varying size in a controlled manner.
Vacuum evaporation [4], hot-wall epitaxy and molecular-beam epitaxy [4, 5] are among the most successful "dry” methods
for PbS synthesis. The frequently used “wet” methods include spray pyrolysis [6], chemical bath deposition [7] and
electrochemical deposition [8]. Earlier investigations into the fundamental performance of nano PbS hetrojunction
deposited on different substrates confirm their ability to become a versatile technological platform for the creation of better
optoelectronic devices [8-12].Herein, we described electronic modulation of the fundamental characteristics (quantum
efficiency, spectral responsivity) of a nanoPbS /n-Si hetrojunction junction fabricated in the Al/PbS/Si/In architecture,

where the nanoparticle films are chemically deposited from solutions.

EXPERIMENT

Nanostructures PbS thin films were prepared on clean silicon and glass substrates using the Chemical Bath
Deposition (CBD) method. The basic principle of the CBD method is in the controlled generation of the metal and
chalcogenides ions in an alkaline medium and their precipitation on the substrate in order to form a film. Silicon wafers
used for fabricating PbS/Si heterojunction were mirror like p-type (111) orientation with resistivity of (1.5-4 Qecm) and
(500 pm) thickness. They were rinsed in acetone and ethanol in order to remove dirt and oil, while native oxide layer was
removed by etching in dilute (1:10) HF: H20 solution.

The starting materials in the preparation of lead sulfate (PbS) includes lead acetate [Pb (CH3COQ)2.2H20],
Potassium hydroxide (KOH), thiourea [(NH2)2.CS], triethanolamine TEAand distilled water. The lead acetate is the source
of cation (Pb2+) and thiourea is the source of anion (S2—). KOH is used to provide an alkaline medium (10 -12.5 pH).
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The nano PbS/n-Si hetrojunction was deposited from a solution having optimal deposition parameters which gives
higher efficiency including deposition time 15 min, pH 11.5,T =30°C , Mp, 0.25M , Mg, 0.5 M. Electrodes were deposited
on both sides of the PbS/p-Si. Ohmic contacts from high purity aluminum wire 5N with 200nm thickness onto the back

surface of Si, and indium on PbS layer were performed through a metal mask.

Dark current—voltage measurements were carried out by applying a voltage to the sample from a stabilized d.c.
power supply, type L 30-2 Farnell of range (0.1-5)V. The current passing through the device was measured using a

Keithley (602) electrometer. From | -V characteristics, the ideality factor was calculated using the following equation

B=(q/KT)(dv/dInT) (1)
while the rectification ratio RF is calculated according to the following Eqg. (10)

RF:'_fForV 5 3KT. )

I, q
Capacitance—Voltage characteristics of the heterojunction were measured using a PM 6306 Programmable LRC
meter supplied by Fluke the measurement is carried out at ferquncy of 200 kHz . The reverse bias voltage ranged from
(0.5-5) V. the built — in potential V,; were determined from intercept at 1/C* =0 by extrapolating the curve to the voltage

axis.

The spectral responsivity of the PbS/Si heterojunction was measured using a monochromator with spectral range
of (360-1000) nm. Power calibration was established using a standard silicon power meter. This measurement was
performed with a reverse bias (1V). The Responsivity R, and quantum efficiency were calculated from the following

equations (11)

1. /q
R =P 3
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in n

RESULTS AND DISCUSSIONS

Structural Analysis

The structural characteristics of the as-grown nanostructure PbS were evaluated by XRD. Figure (1) shows
predominant orientation peak at 20=30° indicating a preferred orientation along (200) plane of reflection corresponding to
the cubic (galena) phase. Compared to the reference data from PbS single crystal as shown in Table (1), the peaks in the
XRD diffraction shift into the region of higher 0 (smaller lattice parameters), indicating stress in the grains. The a-lattice

constant of Si is 0.5261 nm, while alattice constant calculated for PbS is 0.5936 nm. The lattice mismatch hence is 11.
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Figure 1: X — Ray Diffraction of Nano PbS/n-Si
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Table 1: Shows the Structural Analysis of Deposited Film as a Function of Deposition Time

Deposition (20) hkl d(inm) | d(nm) | a(nm) 5% G.S

Time (min) | Degree XRD | ASTM | XRD (nm)
15 30 (200) | 0.2966 | 0.2963 | 0.5964 | 0.0612 | 4.9
30 29.9 (200) | 0.2978 | 0.2963 | 0.5938 | 0.0432 | 6.4
45 30.9 (200) | 0.2981 | 0.2963 | 0.5921 | 0.0152 | 9.2
60 30 (200) | 0.2973 | 0.2963 | 0.5864 | 0.0088 | 11.3

Current-Voltage Characteristics

The dark I-V characteristics at forward and reverse bias for different deposition times of the nano PbS/n-Si
heterojunction measured at room temperature are shown in Figure (2). The PbS films were unintentionally doped show an

p-type conductivity, Table (2) shows carrier's concentration, mobility and band gap values at different deposition time.

The diode gives good ideality factor and exhibits good rectifying behavior with an on/off ratio change with
deposition time as shown in Table (3). To understand the rectifying behavior observed in these hetrojunctions, one first
notes that there exists an offset between the conduction bands of PbS and Si. Forward dark current generated due to the
flow of majority carriers where the applied voltage injects majority carriers lead to the decreasing of the built-in potential,
as well as the width of the depletion layer. As the majority and minority carrier concentrations are higher than the intrinsic
carrier concentration (n%<np), so the crystal to restore the equilibrium situation the excess of charge carriers will under

goes the recombination current at the low voltage region (0-0.25) Volt.

This is because the excitation of electrons from valence band (V.B.) to conduction band (C.B.) will recombine
them with the holes which are found at the V.B., and this is observed by the little increase in recombination current at low
voltage region [80]. On the other hand, the tunneling current is represented at the high voltage region (>0.25), where there
is a fast exponential increase in the current magnitude with increasing the voltage and this is called diffusion current, which
dominates the process.
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Figure 2: | - V Characteristic for Nano PbS/n-Si Prepared at Different
Deposition Times (T=30°C, pH=11.6, MPb=0.25M, MSc=0.5M)

Table 2: Shows Carrier's Concentration, and Band Gap Values at Different Deposition Time

D_epositi_on Cé.(;'rr]ISEIS Mo?ility Band

Time(min) 10" (cm)”® (cm“/V.S) | Gap (eV)
15 6.23 3.7 2.32
30 8.15 2.7 2.29
45 9.89 1.23 2.15
60 12.8 0.86 1.96
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Table 3: Shows Saturation Current, Ideal Factor and Rectifying Ratio at Different Deposition Time

Deposition R.F at

Coﬁditions L) fagtor 5V
15 min 0.42 1.41 30
30 min 0.4 1.36 26.8
45 min 0.23 1.25 22.8
60 min 0.145 1.21 23.3

In the case of reverse bias current also contains two regions. In the first region of low voltage (<0.25) volt, the
current slightly increases with increasing of the applied voltage, and the generation current dominates, while at the second
high voltage region (>0.25) volt, the diffusion current dominates. Also we can observe from figure (2) that the value of the
current decreases with increasing of deposition time of films which is attributed to evolving defects and dislocations that
have an effect on the mobility of charge carriers. Also these defects evolutions allow energy levels to be within the energy
gap; these defects are within the depletion region act as active recombination centers, and consequently they decrease the

current flow across the junction
Capacitance — Voltage Measurement

The junction capacitance variations as a function of the reverse bias (0 —5) volt at frequency equal to 200 KHz has
been studied for different deposition times. It is clear that the capacitance decreases in a non-linear with increasing of the
reverse bias voltages shown in figure (3). such behavior is attributed to the increasing of the depletion region width which
is related to junction capacitance [12]. The increasing in the depletion region width leads to decreasing in the value of
built-in potential. The plots of the inverse capacitance square against applied reverse bias voltage revealed straight line
relationship which means that the junction was of an abrupt type. The interception of the straight line with the voltage axis

at (1/C? = 0) points, represents the built-in potential, results of Vy; as a function of deposition time are given in Table (4).

Table 4: Values of Built- in Potential for Different Deposition Time

Deposition Built-in
Time (min) | Potential(eV)
15 0.6
30 0.5
45 0.45
60 0.4
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Figure 3: Junction C — V Characteristics, Inset is 1/c?Vs Bias Voltage
Illuminated Current — Voltage Measurements Characteristics

Figure (4) shows the | — V characteristic of nano PbS/n-Si under various levels of illumination. The photocurrent

increases with increasing the bias voltage, such results could be related to the increasing of depletion layer width, and
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hence increasing in the concentration of absorbed photons in a region where internal electric field extended [13].The
increase of the incident light intensity causes increase in photocurrent due to the increase in number of photo generated
charge carriers that float within the depletion region and diffusion carriers region, which in turns reducing the grain
boundaries and improvement of structure causes the increase of the mobility. Also we can see from figure (4) that the
photocurrent decreases with increasing the deposition time. This is due to increase the structural defect leading to decrease

of the mobility; hence, photocarriers generated far from the junction will not diffuse and will not contribute to the final
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Figure 4: | — V Characteristic for Nano PbS/n-Si under Various Levels of lllumination
at 15 and 30 min. Deposition Time(T=30°C, pH=11.6, MPb=0.25M, MSc=0.5M)

Spectral Responsivity of Nano PbS/n-Si Detectors

The spectral responsivity specifies the performance range of a detector. Figure (5) shows the variation in spectral
responsivity for nano- PbS/n-Si prepared at different deposition times. the spectral responsivity comprised of three distinct
regions. The first region at short wavelength where responsivity increases with increasing wavelength and this increase
relates to the high absorption coefficient. The second region shows an increase responsivity passing through the maximum
value between (650 -750) nm corresponding to light absorption at transition region on silicon side. The third region shows
that responsivity decreases with an increase in wavelength. The cutoff point corresponds to the absorption edge of the
siliconsubstrate. The smaller responsivity at longer wavelength is attributed to the carriers generated deep in the silicon
substrate, where the spectrum extends to the IR region. The higher responsivity with 15 min. is probably due to the greater
value of carriers mobility (3.7cm?/V.S) and higher built in potential (0.6eV)..
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Figure 5: Spectral Responsivity at Different Deposition Time (T=30°C, pH=11.6, MPb=0.25M, MSc=0.5M)
Quantum Efficiency

Figure (6) show the variation of quantum efficiency with wavelength for nano-PbS/n-Si prepared at different
times. All the explanations mentioned on responsivity can be drawn to the quantum efficiency because quantum efficiency
is a function of spectral responsivity [14].The effect of deposition time on the maximum quantum efficiency is very

obvious in figure (7). The quantum efficiency decreases with increasing deposition time, and this can be attributed to
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Figure 6: Quantum Efficiency of Nano PbS/n-Si
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Figure 7: Quantum Efficiency of Nano PbS /n-Si as a Prepared at 15 Deposition Time Function of Deposition Time
CONCLUSIONS

We have shown the possibility of preparing nano PbS/n-Si using chemical bath deposition. The diode gives good

ideality factor and exhibits good rectifying behavior with an on/off ratio change with deposition time. The photocurrent
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increases with increasing the bias voltage. the photocurrent decreases with increasing the deposition time. This is due to

increase the structural defect leading to decrease of the mobility. Spectral responsivity passing through the maximum value

between (650 -750) nm corresponding to light absorption at transition region on silicon side. The quantum efficiency

decreases with increasing deposition time.
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