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1. Abstract

in this study laser with 532 nm wavelength is used to illuminate
silicon wafers dip in HF solution, These wafers are etched at different
illumination times (5 -25) min. PSi/c-Si structure is obtain to formed
heterojunction.  Study its electrical characteristics such as
current density — voltage (J-V) and capacitance voltage (C-V), then
calculate and find the ideality factor which ranged between (6.5-7.03),
and built in potential.

Key word; photo-electrochemical etching; porous silicon; morphological
properties; electrical properties

Introduction

Over many vyears PSi attracted attention of researchers to
investigate its different properties, due to its use in many industrial and
science areas specially its photoluminescence (PL) property at room
temperature and developing PS based devices [1,2], such as optical
devices [3], sensors [4] and optoelectronic light-emitting devices [5].
Structurally, PS is very complicated. Some published papers indicate that
PS layers consist of Si columns and pores or isolated nanocrystallites [6].
On the other hand, PS may be considered as a system of interconnected
quantum wells, the so-called quantum sponge [7]. Due to this interesting
structure of PSi and in order to integrate PS into electronic circuits or to

develop PS based devices, the electrical properties of this material must
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be studied thoroughly. It is a difficult case because this material has a
very irregular surface topography, which causes instabilities in PS-based
devices [8]. Thus one must study the electrical properties of devices
prepared at different preparation conditions. In this research we change
the time of etching and study its effect on the electrical properties
PS /C-Si junction

2. Experimental work

The substrate used in this experiment is n-type silicon wafer with
orientation of (100). Wafers were cleaned to remove any oxide layer
formed on the Si substrate when etched with cleaning solution consisting
of (HNO;, CH ;COOH, HF) at ratios (2:1:1:10) [9], to remove oxides by
placing wafers in the ultrasonic machine (Cerry PUL 125 device) for 15
minutes, then cleaning them by alcohol and ultrasonic machine for 15
minutes, then finally cleaned by water and ultrasonic waves for another

15 minutes.

PS layers were fabricated using photo electrochemical method, by
dipping Si wafer in (40%) concentration HF solution, then illuminated
with diode laser of 532 nm wavelength and 20 mW power density at
different etching times of (5, 10, 15, 20, 25) min. Figure (1) shows the
scheme for photo electrochemical (PEC) method [10]
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Figure (1): Scheme of PEC method

Electrical properties of the formed heterojunction were measured
for forward and reverse current under dark condition. C-V characteristics
of the junction under test were measured using a PM6306 programmable
LRC meter supplied by Fluke. The reverse bias voltage ranged through
(0.1-1.2) V. The cross point (1/C*=0) of the (1/C*-V) curve represents the
built-in potential of the junction [11]

The characterization of current voltage under dark condition was
used to determine the ideality factor (n) which is calculated by the
following equations (1) [12].

q AV
-1 .2 1
T (1)

n—
Is

Where Is is the saturation current density.

3. Result and discussion

Surface morphology of porous sample shown in Figure (2), where it

depicts the correlation of the average pore diameter as well as the pore
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density of the PS at 20 min etching time. Result exhibit the uniform wall

etching porous silicon from bulk silicon with average pore diameter was

29.06 nm (meso porous) with root mean square (roughness) 0.139 nm.
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0.25nm
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s Topography
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Amplitude parameters:
Sa(Roughness Average) 0.107 [nm]
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Sku(Surface Kurtosis) 3.08
Sy(Peak-Peak) 0562 [nm)

Sz{Ten Paint Helght)  0.543 [rm)
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Shi(Surface Bearing Index)  1.84

ScifCore Fluid Retention Index)  1.18

Svifvalley Fluid Retention Index)  0.197

Spk(Reduced Summit Height)  0.0641[nm]

SkiCore Roughness Depth)  0.306 [nm]

Svk{Reduced Valley Depth)  0.325 [nm]

Ste 0-5(0-5% helght intervals of Bearing Curve)  0.0758[nm]
Sdc 5-10(5-10% helght intervals of Bearing Curve)  0.0329[nm]
Sdc 10-50(10-20% height intervals of Bearing Curve) 0.138 [nm]
Sdc 50-95(50-95% height intervals of Bearing Curve) 0.316 [nm]

Spatial Parameters
Sds(Density of Summits) 864 [1/um2]

Fractal Dimension  2.72

Figure (2) surface morphology of silicon porous layer

Generally the forward current in Figure (2) shows the presence of

two distinguished regions. First, at low voltage (Vg < 3kT/qg), the

recombination current is dominant, because the concentration of charge

carriers is greater than the concentration of charge intrinsic (np > ni®).
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Therefore, for equilibrium case, recombination process will take place.
This means that each excited electron from valence band to conduction
band will recombine with a hole in valence band. Second, at high voltage
(Ve > 3KT/q), the forward current increases exponentially because the
bias voltage potential exceeds the potential barrier.

In the reverse current, there are two regions; one at low voltage,
where the current increases with the applied voltage and the generating
current is dominant. In the second region, the current is dependent on
voltage and the diffusion current

After dividing the forward and reverse current to specific regions,
one can notice the decreased in forward current with increasing of etching
time, due to the fact that when etching time increases the porous layer and
the porosity increase so that the pore walls act as carriers trapped and
cause high resistivity which in turn cases decrease in current [13]

Rectifying behavior due to the formation of a junction like isotope
heterojunction, since (PS) is reported to be n-type when it is fabricated
from p-type substrate [14].
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Figure (2): Current density for PS/c-Si junction at different etching times

The ideality factor value was calculated from equation (1). Result
shows increase in ideality factor with increasing the etching time from 6.5
up to 7.03 This increase is attribute to the increase in the density of states
[15], similar high value for the ideality factor value was reported

elsewhere [16]

Figure 3 shows the dependence of structure capacitance on the
porous and porous layer thickness which is measured at reverse biasing
up to 1V. Results show increase in abrupt junction capacitance with
increasing etching time this may be due to developing the depletion layer
where the charge carriers depleted from the substrate silicon. Thus the
layer thicknesses of porous silicon are increased and the capacitance of

porous silicon decreased [17].
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Figure (3): C-V for PSi/cSi devices fabricated at different etching times

The built in potential of the porous silicon wafer was found as
mentioned in the experimental work. Its value as shown in Figure 4,
exhibits decrease with increasing etching time and this result agrees with
capacitance value result and this is due to the decrease of the junction

depiletion layer

biult in potentink (V)

15 20 25 30

etching time [(min)

=]
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Q

Figure (4): Curve show built-in potentials for PS/c-Si junction at different

etching times
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Conclusion

The electrical properties of show the dark current the decrease of

current density with increasing etching time from 22 mA/ cm® up to 4.3

mA/cm? in the forward biasing while the ideality factor exhibits high

value reaching up to 7.03 . The capacitance value also shows an increase

with increasing etching time while the built in potentials decrease from
1.3-094V
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