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We report on the structural and optical properties of porous silicon nanowires (PSiNWs) fabricated using
silver (Ag™) ions assisted electroless etching method we prepare vertical and single crystalline PSiNWs via a two-
step metal-assisted electroless etching method. The porosity of the nanowires is restricted by etchant concentration,
etching time and doping lever of the silicon wafer. The diffusion of Ag* ions could lead to the nucleation of silver
nanoparticles on the nanowires and open new etching ways. Like porous silicon (PS), these PSiNWSs also show
excellent photoluminescence (PL) properties. The PL intensity increases with porosity, with an enhancement of
about 100 times observed in our condition experiments. A “red-shift” of the PL peak is also found. These PSiNWs
fabricated using the electroless etching method can find useful applications in biomedical and optical sensors.
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Introduction

The development of safe biomaterials is one of the
most important aspects of modern biotechnology. Sili-
con (Si) has such properties as biocompatibility and bi-
oavailability that allow it to be used to solve many bio-
logical and medical problems in the field of diagnosis
and treatment of diseases, implantology and biomolec-
ular imaging. [1-2]. Specific efforts have been concen-
trated in the development of new silicon nanostruc-
tures, including quantum dots, nanowires, or porous sil-
icon (PS). PS is an excellent biomaterial taking into
accounts its biocompatibility, biodegradability and bi-
oresorbability [3,4]. In addition, the PS has also been
combined with other biomolecules or materials intro-
duced into its pores or deposited on its surface to pro-
duce composites [5] that can expand or develop their
applications and properties [6-13].PS has attracted
much attention, especially in enhancing photo-emis-
sion. Much research efforts have been invested to real-
ize an optical device with PS [14-16] but the ineffi-
ciency [17] and instability [18] of optical characteristic
in PS still remain. In addition, porous silicon nanowires
(PSiNWs) are also ideal candidate for the study of bio-
physics of low dimensional systems. It has potential
impact in realizing nanoscale interconnects and func-
tional device elements in future nanoscale electronic
and optoelectronic devices [19,20]. Few attempts were
focused on the luminescence of PSINWSs. Recently, it
is found that this method can be used to synthesize a
new silicon nanostructure named PSiNWs. The field of
PSiNWs synthesis represents an exciting and rapidly
expanding research area. Considerable efforts have
been devoted to the development of versatile and con-
trollable methods for the synthesis of PSINW [21,22].
These methods can be broadly classified as: (i) bottom
-up, and (ii) top-down approaches. The bottom-up ap-
proach involves the construction of desirable
nanostructures from the basic components, i.e., from
the atomic level to the nano- or micro-scale wires. This

method is useful for the fabrication of low-dimensional
hetero structure based devices in large quantities. Using
bottom-up, PSiNWSs were first obtained by vapor-lig-
uid-solid (VLS) method, followed by an etching step
to create nanowires. The VLS method has been imple-
mented in a variety of techniques, such as pulsed laser
deposition (PLD) gas-phase molecular beam epitaxy
(GS-MBE) chemical vapor deposition (CVD) laser ab-
lation and oxide assisted growth techniques. Top-down
approach seeks to fabricate PSiNWSs from high quality
single crystal silicon wafer or thin film. Silicon nan-
owires have also been realized using lithographically
defined patterns, or spin-coating of nano-spheres as
etched mask followed by etching of the nanowires us-
ing plasma processing technique. The fabrication of sil-
icon nanowires using the metal-assisted electroless
etching method has also been adopted [23-25]. Silver
(Ag*) ions in an ionic solution of hydrofluoric acid
(HF) and hydrogen peroxide (H.02) have been used to
the arrays of PSiNWs from single crystal wafers. The
effects of various process parameters such as the etch-
ant concentration of H,O,, etching time and post-
etches treatment on the morphology and optical prop-
erties of the PSiINWSs have also been investigated. Fur-
thermore, this technique is effective, having high
throughput and low cost [26-28]. In this work: We syn-
thesized PSiNWs with different parameters, including
the etchant concentration, etching time. The variable
morphology of the PSiNWs is present, and the etching
mechanism is discussed. The photoluminescence (PL)
properties dependent on the processing parameters are
also investigated here.

Experiments

PSINWSs arrays were prepared by Ag-assisted
electroless etching of 0,03 Qxcm (100) p-type boron
doped and 0,01 Qxcm (111) n-type phosphorus doped
mono-crystalline silicon wafers .The samples were
firstly washed with acetone and deionized water and
then immersed into a piranha solution H,SO4 / H202 in
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a volume ration of 3:1 to remove the organic contami-
nants on the surface for 20 min. The thin oxide layer
formed on the surface was then dissolved in a 5% HF
solution. This treated wafer was transferred into an Ag
deposition solution containing 4.8 M HF and 0.005 M
AgNO; for 1min at room temperature. The Ag nano-
particles (AgNPs) coated samples were sufficiently
rinsed with deionized water to remove extra silver ions
and then soaked into an etchant bath. The HF concen-
tration of the etching solutions in the first group was
fixed 5 M, while the H,O, concentrations vary 0.1, 0.2,
0.3, 0.4 and 0.5 M The etching times is 30, 60, 90,120
and 180 min. Samples were rinsed again for10 min with
HNO; solution to dissolve the excessive AgNPs, leav-
ing behind traces of Ag for catalysing the etching reac-
tion. The surface morphology of PSiNWSs arrays were
characterized by scanning electron microscopy SEM
Tescan MIRA Il LMU. The photoluminescence (PL)
measured were performed at room temperature using
Photoluminescence peaks were obtained on confocal
Raman microscope Renishaw system.

Results and Discussions

In the presence of Ag catalyst, an increase in HF
or H2O- concentration in electroless etching method is
analogous to an increase in the current density in elec-
trochemical based methods [29,31]. In both cases, in-
creasing the H.O, or HF concentration increases the ox-
idation rate and dissolution rate, respectively, resulting
in nanostructures with varying optical proper-
ties[31].From SEM images of the as-grown PSiNWs

etched with different H,O, concentrations and fixed
HF concentration figure 1, the nanowires distribute
uniformly on the whole wafers and are vertical to the
substrate surface. The nanowires etched with lower
H,O, concentrations are isolated from each other.
However, when the concentration of H,O, increases,
the tips of the nanowires congregate together. The di-
ameters of the congregated bundles are several micro-
metres from the top view. These congregated bundles
are also uniformly distributed on the entire wafers and
could be confirmed from the cross-section images.
Also, It's found that the surface of the nanowires be-
comes rough and the porosity (or the density) of the
nanoporous increases with H,O, concentration. From
our condition experiments, we found that the nanopo-
rous appear from the lowest H,O, concentration of 0.1
M, for which the pores are smaller (several nanome-
tres) and porosity is rather low.

This is different from the earlier report [32] which
pointed out that the nanoporous did not appear, but
only rough surface was found until the H,O concen-
tration was high enough. With the increase of H,0;
concentrations, the pores also seem to grow, with the
diameters ranging from several nanometres to nearly
10 nm for higher H2O, concentrations. The earlier re-
port which pointed out that H,O, concentration is the
key factor of the porosity varieties, while the etching
time could only increase the thickness of the porous
layer .The length variation of the nanowires with H,O>
concentration is shown in figure 2. The chemical etch-
ing of Si includes the reactions listed below...

2Ag + H,0; + 2H*——> 2Ag* + 2H,0 1)

Si + 4Ag*+ 6F~ ——) 4Ag + SiFg? )
The total reaction....

Si® + 2H,0, + 6F~ + 4H*——) [SiF6]2 + 4H,0 3)
From Eq. 3, the potential for the etching process could be expressed as below.

AE=AE°— (0.056/4)log([[SiF6]?) /[ H202]2[H*]*[F 1) 4)
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Figure 1: SEM images of the variable morphology of PSiNWs etched with: a) 0.1 M H,0,/5MHF b) 0.5M
H202/5MHF.



Espasutickuti Cor3 YueHbix (ECY) # 11 (56), 2018

55

25

Length of PSINWs(um)
= & S

a1

0 01 02 03 04 05
Concentration of H,0, (M)

0,6

N w
o o

N
o

Length of PSINWs(um)
& &

]

0 30 60 90 120
Etching time (min)

150 180

Figure 2: The length of PSiNWs depends on H,O- conc. and etching times.

The increase in H,O, concentration could en-
hance the potential for the etching process, which in-
dicates that the etching reaction is more thermodynam-
ically favoured and the etching could be accelerated.
Therefore, the length of the nanowires is not only time
dependent, but also relies on the oxidant concentration.
As the catalyst, the AgNPs are oxidized into Ag* ions
by H20,. The Ag* ions extract electrons from Si nearby
and are deoxidized into Ag again.

The Si atoms around are oxidized and dissolved,
leading to the etching of the silicon surface and the for-
mation of the vertical PSiNW arrays. However, during
the etching process, the Ag* ions could not be recov-
ered to Ag totally. Ag* ions with certain concentration
around the AgNPs would diffuse out to the tips of the
PSiNWSs, where the concentration of Ag* ions is lower.
For the lightly doped silicon wafer, the Ag* ions along
with the PSiNWs are difficult to be deoxidized into
smaller AgNPs as the lack of defective sites for new
nucleation. So the diffused Ag* cannot etch the side-
walls of the PSiNWs and no porous structure appears.
However, for the heavily doped silicon wafers, the do-
pants could induce amount of weak defective points in
the silicon lattices. These defective points could serve
as the nucleation centres. When the Ag* ions near the
defective points reach a critical concentration, the Ag*
will nucleate on the side walls or the tips of the
PSiNWs and the smaller AgNPs appear. These newly
formed AgNPs open new etching pathways on the
PSiNWs and facilitate the formation of the nanopores.
Furthermore, the nucleation of the AgNPs on the side
walls would also reduce the Ag* concentration and ac-
celerates the Ag* diffusion. When the Ag* ions con-
centration reaches the critical value again, new nucle-
ation occurs. This could be confirmed by our results

listed in figure 2, the porosity of the nanowires in-
creases with the etching time, which indicates that new
AgNPs appear and new nanopores form with time. It
could also be found that some nanopores overlap on
the side walls, especially for the PSiINWSs etched with
longer time. It is because new AgNPs nucleation takes
place near the defects distributed on the wires, some
nucleation centres stay near the formed nanopores, and
the newly etched pores would overlap with the original
ones. It could also explain why the nanopores seem to
grow larger with times. From this mechanism, we
could deduce that the side walls on the topside of the
wires have higher porosity compared with the down-
side. As the nanowires were scraped from the wafers,
the cuts of the wires are trim. However, the tips are
fragmentary as shown in the SEM image. It could be
clearly seen that the porosity increases and the na-
nopores grow larger from the bottom to the top tip. The
increase in H.O, concentrations could accelerate the
oxidation of Ag and increase the Ag* ions concentra-
tions, leading to more additional etching pathways and
higher porosity. It could be concluded that the doping
lever of the silicon wafer, the H,O, concentration and
the etching time are the key factors for the nanoporous
formation on the PSiNWs.

The room temperature PL measurement was car-
ried out to study the optical properties of the PSINWs
with different H20, concentrations figure 3, display
the PL spectrums of the PSINWs .The increase in the
H»O; concentration, the porosity of the nanowires in-
creases and leads to the PL intensity enhancement. The
PL intensity of PSiNWs etched with 0.5 M H,0; is al-
most more high as the samples etched with 0.1 M
H>O,. When the sample was etched for 3 h, an increase
in the PL intensity by a factor of 40 is observed, com-
pared with the 30 min-etched sample.
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Figure3: The PL spectrums of the SINWs correspond to the PSiNWs etched for 60 min with the H20-
concentrations of 0.1, 0.2, 0.3, 0.4 and 0.5 M, respectively.

However, it is unexpected to find that PL peaks of
the samples with higher porosity seem to “red-shift”
and are not well symmetrical. It is thought that higher
porosity would decrease the size of the silicon
nanostructure, which could lead to the blue-shift of the
PL peak due to the quantum confinement effect. We
also measure the PL spectrums of the samples treated
with HNO3 but without HF solution, which are consid-
ered to have an oxide layer on the surfaces. It is found
that the PL peaks are fixed at ~730 nm for all the sam-
ples. The PL intensity varieties with the preparation
parameters are similar with the samples with HF treat-
ment.

Conclusion

In summary, we carried out chemical etching on
the highly doped p-type and n-type silicon (100) wafers
to synthesize the PSINW arrays. We found that longer
etching time or higher H20. concentration could facili-
tate the diffusion and nucleation of Ag* ions and effec-
tively enhance the porosity of the nanowires. The PL
intensity could be effectively enhanced by the in-
creased porosity. The emission intensity from the local
porous structure quickly enhances with the porosity and
takes up the leading place of the PL spectrum, resulting
in the “red-shift” observed. These PSiNWs combine the
physical properties of PSiNWSs and PS and could lead
to opportunities for new generation of nanoscale opto-
electronic devices can be potentially useful in optical
sensors applications.
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STUDY ON RADIATION RESISTANCE OF TRANSFORMER OIL UNDER IONIZING
IRRADIATION

Iskenderova Z.1.,
Gurbanov M.A.

Institute of Radiation Problems of National Science Academy of AR

AZ 1143, Baku, Azerbaijan, B.Vakhabzadeh str. 9
E-mail: zenfira_iskenderova@mail.ru

B manHoi1 paboTte riccnea0BaHbl U3MEHEHUsT (PU3NKO-XUMUYECKUX MapaMeTPOB, KaK yAeIbHOE COMPOTHBIIE-

HUE, BA3KOCTb, TNIOTHOCTH U 00pa3oBaHue razoobpasubix mpoayktoB Hy, CHa, CoHa, CoHe, C3Hs, C4Hig, CsHuo,
CsH14 B 3aBHCHMOCTH OT IOTJIOIIEHHON 1036 B MHTepBae (29,7-237,6) kI'p. Y cTaHOBIEHO, YTO ITPH BO3EHCTBUU
Y- N3JTy4eHHs Ha TPAHCPOPMATOPHOE MACIIO IIPOUCXOANT U3MEHEHHSI XMMHUECKOTO COCTaBa, YTO CONPOBOXKIACTCS
N3MEHEHHEM YyJeIbHOTO CONPOTHUBIICHHS, BI3KOCTH U INIOTHOCTH Macia. CTeleHb NPeBpaIleHus 3aBUCHT OT T10-

[JIOILIEHHOM J103bl U PACTET C €€ POCTOM.
ABSTRACT

Changes of physico-chemical parameters, as specific resistance, viscosity, density and formation of gaseous
products as Hz, CHy4, C2Hs, CoHg, CsHs, C4Hio, CsHi2, CeHi4 0N dependence of adsorbed doses was investigated.
It was established, that the changes of chemical composition of oil leads to changes of specific resistance, viscosity,
density. Degree of its conservation is increasing with adsorbed dose rising.

KiroueBbie ci1oBa: paananimoHHasn CTOﬁKOCTL, TpaHC(l)OpMaTOpHOC MacJo, Y- U3J1y4CHUs, paaiualluOHHO-XU-
MUYCCKHNE BbIXOAbI, IINIOTHOCTD, BA3KOCTb, YACIBbHOC COIIPOTHUBICHUEC

Keywords: radiation resistance, transformer oil, y - radiation, radiation-chemical yields, density, viscosity,

specific resistance

BBEJIEHUE

CunoBsle TpaHC(hOpPMATOPHI MIMPOKO HCHOIB3Y-
FOTCSI B 9HEPTETUIECKOM CEKTOPE, B YACTHOCTH B aTOM-
HOW SHepreTvke. B mociemHeM cioydae BO3HUKAET
HEOOXOIUMOCTh M3y4YCHHS PATUAIIMOHHON CTOMKOCTH
TpaHC(HOPMATOPHOTO Maca.

[Ipobnembl, CBSI3aHHBIC C PAAHAITUOHHON CTOHKO-
CTH MaTEepHUAJIOB JIEKTPHUYCCKUX 000pYyJOBaHUIl, BO3-
HUKAIOIIKE B PE3YJIbTATE PA3IHYHBIX aBAPUIHBIX CUTY-
aIMK HCCIICAYIOTCS BO MHOTHX paboTaX, MOCBSIICH-
HBIX ONPEICICHUI0O PAOOTOCIIOCOOHOCTH Pa3TMYHBIX
Y3JI0B M arperaToB aTOMHBIX 3JiekTpocTaniuu [1]. Bo-

MIPOCHI OCOOEHHO CTaJIO aKTyaJIbHO Mociie aBapun Yep-
HOOBUTbCKOM ADC B 1986 rox. [Tocne aBapuu YepHo-
66uTbCKOIT ADC OBIT HICHTH(UITUPOBAH PSIT aBAPHUU C
yposaem Gousire INES 4 (International Nuclear Events
Scale) [2].

Haxonsmuecs B KaBkazckoM pernoHe ApmsiH-
ckoe ADC nepHoAnYecKH PEMOHTHUPYIOTCS C LENbIO
YCTpaHEHUsI Pe3yNIbTaTOB aBapHUHHBIX CUTYaIHH.

B paborax [3, 4, 5] uccienoBans! Hanboee hyHK-
LMOHAJILHO 3HAYNMbIE KOMIUICKTYIOIME MaTepUallbl 1
3JIEKTPOOOOPYAOBaHUS - TpaHCHOPMATOPHOE MACIIO H
3JIEKTPON3OJSIIMOHHBIN KapTOH C [EbI0 ONPECICHNUS
BO3MOXKHOTO CHIDKCHMSI HAJEKHOCTH, B YaCTHOCTH
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