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Abstract. An alternative electrical source has | has become the major quest of every
researchers due to it numerous advantages and applications of power supply and as electronic
devices are becoming more and more portable. A highly efficient power supply is become
inevitable. Thus. in this study, present ultrasonic based assisted fabrication of electrochemical
silicon-Titanium nano thin film by in-house simple technique, uniformly silicon Nano film
was fabricated and etched with HF (40%): C2H50H (99%):1:1, < 20 nm pore diameter of
silicon was fabricated. The surface and morphology reveal that the method produce uniform
nano silicon porous layer with smaller silicon pores with high etching efficiency. The silicon-
Titanium integrated nano porous exhibited excellent observation properties with low reflection
index ~ 1.1 compared to silicon alone thin film.

1. Introduction
Solar cell is one of the most recent development that has attracted [1-5]], due to it potential, the quest

several material has keep up growing especially silicon nano porous has a potential to play an
important role in visible light emission related applications, moreover, silicon nano porous (PS)
devices constitute emerging platforms for including selective molecule separation and sensing, with
great potential for high throughput and economy in manufacturing and operation. However,
fabrication of this device poses some challenges that researcher find it necessary to solve [6-11]. The
most commonly used method of fabricating PS is direct current (DC) anodic electrochemical etching
and during the DC anodic etching process, the reaction results in silicon fluoride. This product tends to
cover the pore tips during deposition process, hydrogen gas bubbles are adsorbed at the surface of
silicon pillars because of interfacial constraint, blocking the silicon pores and leading to a reduction of
HF concentration inside the pores [12-17]. This will lead to the etching process slowing down and
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dissolved species will increase the resistance of silicon wafer and hence decrease the current density
[1].

The previous study presented using an ultrasonically enhanced anodic electrochemical Etching which
is developed by [1, 18-20] to fabricate light-emitting PS material. They study took the advantage of
the ultrasonic press effect and the diffusion of the dissolved species and H2 bubbles from silicon pores
was accelerated [1, 21-24. They results has improved qualities in surface morphology, layer interface
smoothness etching efficiency and optical characteristic compared with the sample prepared by DC
etching. However, the current study presented and improve results smoothness etching efficiency,
improved qualities in surface morphology and pore size that could increase it application in various
field including biomedical, environment and life sciences such as water filtration etc[25, 26]. The
study demonstrates a simple in-house fabrication of enhanced silicon solar cell using ultrasonic
vibration etching. Well distributed photovoltaic cell can be produced in just 5 simple steps. The
Experimental study results show that the silicon based fabricated photovoltaic devices using titanium
as anti-reflector exhibit high photo energy absorption with high voltage when exposed to the spectrum
of the solar radiation. The high efficiency obtained as a result of structures of Ti in which it shows the
surface layers energy greatly enhanced the light-absorption capability of cell is greatly increased.
Hence the methods are simple and at no cost, a stable solar cell can be produced.

2. Methods

The silicon wafer was cleaned using Standard Cleaning (SC) or RCA and Buffered Oxide Etch (BOE)
solution. There are four (4) steps of procedure for wafer cleaning process. First, the wafer was dipped
into RCA 1 at 700C to 800C for 10 minutes.Then, the wafer was dipped into BOE solution for 10 to
15 seconds to remove native oxide.After that, the wafer was dipped into RCA 2 solution for 10 to 15
minutes while the solution was heated to 750C to 800C., Then the wafer was rinsed in DI water or
distilled water. Finally, the wafer was dried by blowing with spin dry. A single crystal p-type with
(100)-oriented highly doped silicon substrate is used an it was placed in a Teflon etching cell and
etched in the dark with a HF (40%): C2H50H (99%):1:1 (by volume) electrolyte solutions were
prepared for ultrasonic anodic etching using the ultrasonic wave frequency of the ultrasonic generator
was 33 ~ 3 kHz. After the etching process, all the samples was immediately rinsed by deionized water
and dried, for drying, a vacuum dryer was used. The etching current density was 55 (mA/cm2) for 1
minute and duty cycle of 0.7.

Single-side polished P/Boron P Type
<1-0-0> Orientation
0.01-0.02 ohm-cm (low) Resistivity
500+10 um
Thickness
100 mm
Diameter
2
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3. Results and Discussion

The study has successfully demonstrated fabrication and testing of the device , the figure 1, the sem
image of the fabricated silicon based solar cell, as it can be observed, there is uniform distribution of
size and approximately, 1um is obtained, thus it demonstrated a simple in-house fabrication of
enhanced silicon solar cell using ultrasonic vibration etching. Well distributed photovoltaic cell can be
produced in just 5 simple steps. The Experimental study results show that the silicon based fabricated
photovoltaic devices using titanium as anti-reflector exhibit high photo energy absorption with high
voltage when exposed to the spectrum of the solar radiation. The high efficiency obtained as a result of
structures of Ti in which it shows the surface layers energy greatly enhanced the light-absorption
capability of cell is greatly increased. Hence the methods are simple and at no cost, a stable solar cell
can be produced.

Figure 1. SEM image show the result of the silicon etch for 1 minute.

The figure 1, show the etch profile and the behavior of charged molecules present in the sensor
surface, from the series of the modification step, the device electrical profile are continue to altered as
at any time when device is subjected surface treatment. This behavior is resultant from the presence of
two distinct polarized charges groups that are promoted to come closer with each other as results of
minimizing distance of each electrode, thus the band energy gap is reduced there by higher electrons
exchanges occurred, the exchange is further becomes higher with modification elements are in
aqueous form, this claim can be observed form figure where the silicon application, is normally in
aqueous and upon drop in, it was subject to test before fully dried and this has allowed a higher
current to be recorded with Si/Ti compared with si, the reason is simple be at the aqueous the charge
accumulation increase becomes eligible to jump from one electrode to another resulting in higher
negative charge on the Ti/Si surface. The increase in ion charge enhance the charge accumulation on
each electrode and this behavior consistent with many results of a similar experiment performed. The
study has successfully demonstrated fabrication and testing of the device , the figure 1, the sem image
of the fabricated silicon based solar cell, as it can be observed, there is uniform distribution of size
and approximately, 1um is obtained, thus it demonstrated a simple in-house fabrication of enhanced
silicon solar cell using ultrasonic vibration etching. Well distributed photovoltaic cell can be produced
in just 5 simple steps. The Experimental study results show that the silicon based fabricated
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photovoltaic devices using titanium as anti-reflector exhibit high photo energy absorption with high
voltage when exposed to the spectrum of the solar radiation. The high efficiency obtained as a result of
structures of Ti in which it shows the surface layers energy greatly enhanced the light-absorption
capability of cell is greatly increased. Hence the methods are simple and at no cost, a stable solar cell
can be produced.
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Figure 2. Photo absorbed current-voltage (I-V) density characteristics of photovoltaic devices based
on the Si structures and the Si/Ti structure.

The voltages were swept from OV to 5V using semiconductor analyzer with Volt internal 40mV input
signal (0 VV D.C Offset). The reference point probe is calibrated with reference gauge of step 0.04V
and probing stations are set up fully to smooth and reliable measurements with vacuums environment.
The measurement of current—voltage curve for two devices Si and Si/T layers have been conducted
with a four-terminal micro-probing Keithley, 6487. Thus, current response of the structures has been
measured. In order the to test the device and validate, the two devices were exposed to high bright of
tungsten lamp as the energy source because the bright lamp have similar radiation as solar energy do
have from the sun photocurrent, after the exposure and upon measuring of the two devices, the
resultant voltage obtained from Si/Ti is much higher compared to the one obtained with Si alone and
this light-absorption ability coming from its improved photo absorption as a result of the anti-
reflection activity of the Ti figure 2. To examine response of the devices silicon configuration was
prepared, the traced curved was recorded prior to surface prior deposition, the depostion could allow
and enhance the silicon electrical properties by allowing the polarized charged molecules attached to
the sensor surface, the modified silicon device was tested in UV with putting gold electrode , the curve
in figure above indicated the range of the electrical response of Si/Ti, it exhibited increases in
conductance in turn allow more electrons to jump the ide barriers electrode , this is repressed in red
curves with ~1nA. The highest curve with indicating highest current values recorded, this wonderful
behavior was seen with first light radiation dropped on treated Si/Ti, The curve shown the
enhancement achieved as a result of the Ti application to the surface hence the study has successfully
demonstrated fabrication and testing of the device , the figure 1, the sem image of the fabricated
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silicon based solar cell, as it can be observed, there is uniform distribution of size and approximately,
lum is obtained, thus it demonstrated a simple in-house fabrication of enhanced silicon solar cell using
ultrasonic vibration etching. Well distributed photovoltaic cell can be produced in just 5 simple steps.
The Experimental study results show that the silicon based fabricated photovoltaic devices using
titanium as anti-reflector exhibit high photo energy absorption with high voltage when exposed to the
spectrum of the solar radiation. The high efficiency obtained as a result of structures of Ti in which it
shows the surface layers energy greatly enhanced the light-absorption capability of cell is greatly
increased. Hence the methods are simple and at no cost, a stable solar cell can be produced.The
increase in the photo voltage indicates higher conversion efficiency will be obtained by application of
The Ti structure. The photons ray incident which is projected to on the surface of silicon will be
generally reflected from the top surface due silicon low absorption capabilities of the bulk silicon
substrate.

4. Conclusions

The study demonstrates a simple in-house fabrication of enhanced silicon solar cell using ultrasonic
vibration etching. Well distributed photovoltaic cell can be produced in just 5 simple steps. The
Experimental study results show that the silicon based fabricated photovoltaic devices using titanium
as anti-reflector exhibit high photo energy absorption with high voltage when exposed to the spectrum
of the solar radiation. The high efficiency obtained as a result of structures of Ti in which it shows the
surface layers energy greatly enhanced the light-absorption capability of cell is greatly increased.
Hence the methods are simple and at no cost, a stable solar cell can be produced.

References

[1] Y. Liu, Z.H. Xiong, Y. Liu, S.H. Xu, X.B. Liu, X.M. Ding, X.Y. Hou “A novel
method of fabricating porous silicon material: ultrasonically enhanced anodic
electrochemical etching” Solid State Communications 127 (2003) 583-588.

[2]  Jun-Wei Huang Chien-Kuo Chang , Lu, K.C.-C. Jung-Tang Huang, Chii-Ruey Lin
novel approach for nanoporous gas sensor fabrication using anodic aluminum
oxidation and MEMS process, Nanotechnology, 2009. IEEE-NANO 2009. 9th IEEE
Conference, 26-30 July 2009, Genoa

[3] T.S. Dhahi, U. Hashim, M.E. Ali, Nazwa Taib, "Polysilicon nanogap fabrication
using a thermal oxidation process”, Microelectronics International, 2012, 29(1),
pp.40 — 46.

[4] U. Hashim, Shahrul A. B Ariffin, Tijjani Adam ‘“Fabrication of Polysilicon
Nanowires using Trimming Technique” Journal of Applied Sciences Research,
20128(4): 2175-2186,

[5] Tijjani.Adam, U.Hashim, Highly sensitive silicon nanowire biosensor with novel liquid gate
Control for detection of specific single-stranded DNA molecules Biosensors and
Bioelectronics67 (2015) 656-661.

[6] Md. Eaqub Ali, Th.S. Dhahi, Rasel Das, U. Hashim, DNA hybridization detection using less
than 10-nm gap silicon nanogap structure, Sensors and Actuators A 199 (2013) 304-309.

[7] Chen, X., Guo, Z., Yang, G.-M., Li, J., Li, M.-Q., Liu, J.-H., & Huang, X.-J. (2010).
Electrical nanogap devices for biosensing. Materials Today, 13(11), 28-41. doi


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Jun-Wei%20Huang.QT.&newsearch=partialPref
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Jun-Wei%20Huang.QT.&newsearch=partialPref
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Lu,%20K.C.-C..QT.&newsearch=partialPref
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Jung-Tang%20Huang.QT.&newsearch=partialPref
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Chii-Ruey%20Lin.QT.&newsearch=partialPref
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Chii-Ruey%20Lin.QT.&newsearch=partialPref

ICADME 2017 IOP Publishing

IOP Conlf. Series: Journal of Physics: Conf. Series 908 (2017) 012040 doi:10.1088/1742-6596/908/1/012040

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

M Wesam Al-Mufti, U Hashim, M Rahman, Tijjani Adam, M Arshad, Studying Effect
Dimensions of Design and Simulation Silicon Nanowire Filed Effect Biosensor, Applied
Mechanics and Materials 754, 854-858, 2015.

Yi, M., Jeong, K.-H., & Lee, L. P. (2005). Theoretical and experimental study towards a
nanogap dielectric biosensor. Biosensors and Bioelectronics, 20(7), 1320-1326

[6] Uda Hashim, N. T., Thikra S. Dhahi, Azizullah Saifullah. (2011). Polysilicon nanogap
structure development using size expansion technique. Microelectronics International, 28(3),
24-30

Wang, C., Huang, J., Wang, J., Gu, C., Wang, J., Zhang, B., & Liu, J. (2009). Fabrication of
the nanogapped gold nanoparticles film for direct electrical detection of DNA and EcoRI
endonuclease. Colloids and Surfaces B: Biointerfaces, 69(1), 99-104

Yexian Wu, T. A., Sebastian Gautsch, Nico De Rooij. (2011). Development of passivated
Heteregeneous metal nanogaps using E-Beam Overlay Technique. Paper presented at the
Proc. Eurosensors XXV, Anthens, Greece.

Francois Beguin, E. F. (Ed.). (2013). Supercapacitors, Materials,Systems, and Applications
(Vol. 4). Germany: Wiley-VCH Verlag GmbH & Co.

Dimitrios P.Nikolelis, T. V., Arzum Erdem, Georgia-Paraskevi Nikoleli (Ed.). (2014).
Portable biosensing of food toxicants and environmental pollutants (Vol. 1). New York:
CRC Press.

Tijjani Adam U. Hashim and Th S. Dhahi, Silicon nanowire formed via shallow anisotropic
etching, Si-ash-trimming for specific DNA and electrochemical detection, Chinese Physics B
Vol. 24, No. 6 (2015) 06810

Tijjani Adam, U Hashim, Design and fabrication of micro-mixer with short turns angles for
self-generated turbulent structures, Microsystem Technologies, 1-8, 2015

T Adam, U Hashim, TS Dhahi, KN Khor, PS Chee, PL Leow, ELECTROCHEMICAL
ETCHING: An Ultrasonic Enhance Method of Silicon Nano Porous Fabrication, Wulfenia
Journal 20 (1), 45-55, 2013

Tijjani Adam, H Uda, M Eaqub, PL Leow, The electroosmosis mechanism for fluid delivery
in PDMS multi-layer microchannels, American Scientific Publishers All rights
reserved.2013

U Hashim, T Adam, J Lung, P Ling, Fabrication of Microchannel and Micro Chamber for
Microfluidic Lab-on-Chip.Australian Journal of Basic & Applied Sciences 7 (1)2013

T Adam and U. Hashim Light Observation in Polymer: A Study of Silicon-Based Organic
Polymer Using Visible Spectroscopy, Australian Journal of Basic and Applied Sciences 7
(1), 76-80, 2013.

U Hashim, MW Al-Mufti, T Adam, Silicon Nanowire Geometry: Investigation of Interaction
Site Potential in Semiconductor-DNA Interaction, Australian Journal of Basic and Applied
Sciences 7 (5), 242-245, 2013

MW Al-Mufti, U Hashim, T Adam, Simulation of Nano lab on chip devices by using
COMSOL MultiphysicsJournal of Applied Sciences Research 9 (2), 1056-1061, 2013

T Adam, U Hashim, KL Foo, TS Dhahi, T Nazwa, Technology development for nano
structure formation: Fabrication and characterization, Advanced Science Letters 19 (1), 132-
137, 2013

T Adam, U Hashim, PL Leow, KL Foo, PS Chee, Selection of optimal parameters in
fabrication of poly (dimethylsiloxane) microfluidics using taguchi method, Advanced
Science Letters 19 (1), 32-36,2013

T Adam, U Hashim, KL Foo, Microfluidics design and fabrication for life sciences
application, Advanced Science Letters 19 (1), 48-53, 2013

T Adam, U Hashim, ME Ali, PL Leow, The electroosmosis mechanism for fluid delivery in
PDMS multi-layer microchannel, Advanced Science Letters 19 (1), 12-15, 2013



