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a  b  s  t  r  a  c  t

A series  of  porous  silicon  (PSi)  samples  was  prepared  using  photoelectrochemical  etching
(PECE)  method  with  optimum  current  density  of 45  mA/cm2. The  as-prepared  PSi  samples
were  characterized  to determine  the  influence  of  the  etching  time  (15,  25  and  30  min)  on
their morphology  and  electrical  properties.  The  percentage  of  porosity  was  estimated  via
gravimetric  analysis.  The  band  gap  of  the  fabricated  PSi  was  ≈2.22  eV.  Upon  their use  to
fabricate metal-semiconductor-metal  (MSM)  ultraviolet  photodetectors  (UVPD),  the  fab-
ricated  PSi  revealed  excellent  stability  and reliability  under  repetitive  shots  at  530  nm.
Furthermore,  very  fast  rise  time  (≈0.28  s) was  obtained  at a bias  of 1  V under  visible  light
(530  nm)  illumination.

© 2018  Elsevier  GmbH.  All  rights  reserved.

1. Introduction

The emergent properties of porous silicon (PSi) originated from the presence of harmonious morphology of the porous
layer opened a new avenue in Si-based optoelectronics. However, the performance of such devices is challenged by the ability
to fabricate PSi nanostructures with the desirable characteristics. The electrochemical etching is an appropriate method to
produce n-PSi with diverse morphologies. The optical and electrical properties of the grown n-PSi are greatly dependent
on the porosity (size, shape, homogeneity and density distribution), morphology and fabrication conditions, which can be
controlled by adjusting the etching time, current density, coating process, etc. [1]. Moreover, coating the front surface of
PSi layer with n-type semiconductor material was shown to improve the crystallinity and optoelectronic properties of the
material [2]. To this end, many attempts have been made to achieve PSi-based devices with optimum performance, where the
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Fig. 1. The experimental set-up used for the photoelectrochemical etching of Si.

Fig. 2. Schematic diagram of the metal shadow used for the fabrication of MSM  UV detectors.

emphasis was to improve the electrical and charge carrier transport properties of PSi [3]. However, the optimum synthesis
conditions of n-PSi with the desirable optoelectronic properties are still far from being attained.

Based on its strong visible and ultraviolet photoluminescence at room temperature, n-PSi is recently explored for ultra-
violet photodetectors (UVPDs) for medical, engineering, and technological applications [4]. Considering such demand, we
attempted to optimize the electrical and optical properties of n-PSi to fabricate metal-semiconductor-metal (M-S-M) UVPDs.
Specifically, the time of the photoelectrochemical etching, the applied voltage or current, the etching solution composition,
and the illumination intensity were investigated to control the morphology of the grown n-PSi in a desirable manner that
enhances its electrical and optical properties.

2. Experimental procedure

Single crystalline wafers of n-type Si (111) of thickness 205–306 �m were cut into squares each of an area 1.5 cm2. Then,
these wafers were cleaned following Radio Corporation of America method (RCA) prior to photoelectrochemical etching to
grow n-PSi. An anodization cell made of Teflon was  used, wherein the Si wafer was  fixed and sealed through O-ring. The front
side of the wafer was exposed to hydrogen fluoride (HF) solution (48%) containing ethanol (C2H6O, 99.9%) and hydrogen
peroxide (H2O2).

Fig. 1 shows the experimental set-up for the photoelectrochemical etching process to prepare PSi. The Si wafer was
immersed inside the electrolyte solution containing HF, ethanol and H2O2. Pure hydrogen peroxide was added to remove
the H2 gas bubbles from the sample surface that is generated during the anodization process [5]. The Si wafer was used as
the anode and a platinum wire was acted as the cathode. The PSi layer was grown using the DC process inside the HF solution
(HF:C2H6O:H2O2 = 2:1:1) at a fixed current density of 45 mA/cm2 under external incandescent light, where three different
etching times (15, 25 and 30 min) were used. The resulted PSi samples were used to design MSM  UVPDs, wherein a platinum
(Pt) layer of thickness ≈150 nm was deposited onto the PSi surface. The metallic Pt was  suitable for developing Schottky
contact because of its higher work function. The structure of MSM  PD was  consisted of two  inter-digitated Schottky contacts
(electrodes) each of a length ≈3.3 mm with finger width of 230 �m and spacing of 400 �m.  Each electrode possessed four
fingers as displayed in Fig. 2. The contact pad of the MSM  PD array was developed after forming the metal mask fingers.

The structure of the prepared PSi samples was examined using X-ray diffraction (X-ray Diffractometer, PANalytical X’Pert
Pro) in the 2� range of 30◦–80◦ with Cu-K� radiation (wavelength 1.54056 Å) operated at 40 kV and 30 mA.  The surface mor-
phology of the as-prepared PSi samples was characterized using high resolution field emission scanning electron microscope
(FESEM, NOVA NANO SEM 450). The metal finger mask was  deposited via electron beam evaporator (ATO 306 vacuum coater).
A Keithley electrometer (model 6517 A) was used to measure the current-voltage (I–V) characteristics and current-time (i–t)
behaviour of the fabricated MSM  UVPDs. The photoluminescence (PL) spectra of the PSi-based devices were recorded on a
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