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ABSTRACT

Porous silicon (PS) layers were fabricated on P-type crystalline silicon (c-
Si) wafersof (100) orientationsusing el ectrochemica etching (ECE) process
at adifferent etching time (7, 15 min), current density of 7 mA/cm?, and fixed
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electrolyte solution HF:C,H,OH (1:1). Nanoporeswith an average diameter
of (19.47, 22.70nm) wereformed inthe p-PS (100) layer. Thelowest effective
reflectance was obtai ned with the p-PS/CdSe layer that exhibited excellent
light-trapping at wavel engths ranging from 400 to 1000 nm. Solar cellswere
fabricated based on the PS anti-reflection coating (CdSe) layers. Thecurrent-
voltage characteristics of the solar cells were examined under 127W/cm?
illumination, A highly efficient (3.5%,6%) for psin (7, 15min) then The
objective of the present study was to fabricate highly efficient solar cell
(6%, 12.25%) respectively using Al/c-Si/ p-PS/CdSe/Al.
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BACKGROUND

Poroussiliconiswell-known and useful material
for many applications, such asfor photodiodes™3, solar
celld*9, etc. Stain etching of silicon provides a
gpontaneous, salf-limiting chemica method to produce
nanocrystallinesiliconfilms(porous S), which exhibit
photoluminescence (PL) properties®”. PShasdtracted
attention dueto the property of PL inthevisiblelight
range. Over the past fifteen yearsmany different modds
have been elaborated interpreting the visible light
luminescence in PS, several overviews have been
published to wel gh argumentsfor/against to understand
thisphenomenon®,

Semiconductor nanoparticleshaveattracted much
atentionduring thelast few yearsbecauseof their unique
optica and electronic properties, which might have a
greet potentid inmany goplications, suchaslight emitting
diodes, lasers, luminescent nanocomposites, diagnostic
agentsin medicineand solar cellg%%3. Inrecent years,
guantum-dot (QD semiconductors such as CdS*4*9,
PbS617 and CdSe*®2U have been employed as
sensitizers dueto two specific advantages. First and
foremogt, thes ze quantization effect dlowsonetotune
theband energy and visibleresponse by smply varying
the QD size€?. Another advantageisthat these QDs
open new ways to utilize hot electrons or generate
multiple electron-hole pairs with one single proton
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through theimpact i oni zati on effect’®?,

The present work deal swith thefabrication of Al/
p-PS/c-Si/CdSe/Al solar cell prepared by formation
of porous silicon on p-typesiliconwaferswiththeaid
of electrochemical etching and study the structural,
electrica, optoe ectronic, and figures of merit of porous
sliconlayer and solar cdll devicessynthesized at different
conditions.

EXPERIMENTAL DETAILS

Thep-PSlayerswerefabricated by anodic etching
whereap-typesilicon substratewasplaced inthe Teflon
etching cdl usngamixtureof agueoushydrogenfluoride
(purity 40%) and ethanol (purity 99.99%), 1:1 by
volume. Thesamplewas anodized at acurrent density
of 7mA/cn?and at different etchingtime (7,15min).No
further chemica or thermal trestment was carried after
etching. The CdSe core- shell colloida QDsabsorbed
ontheinterna poreswithin PSwerethen prepared by
dipping the PS using CdSe QDs (1mg) dissolved in
toluene (100 ml) and evaporating toluene at room
temperaturefor 50 min.

RESULTSAND DISCUSSIONS

ThePSisproduced by anodisation of Sl wafersin
asolution HF: C,H.OH (1:1). With current density
(7mA/cm?) and two different times (7,15min), this
imposes that the PS formation does not cause any
damageto theelectrical contacts. The PSformation
mechanismin chemicd etching depending on solution
concentration, temperature, and etching time.

The porosity was controlled by gravimetrical
methodsand cal cul ated by equationg?:

p(M)% = m ~ms O
my — mp

Wherem, isinitial substrate weight, m, weight after

anodisation, and 2, Weight after removingthePSlayer

intheNaOH mixture.

Figures 1,2 demonstratestheAFM imagesof the
PSlayer formed on the p-PS(7,15min) samples. Pores
with sphere-like appearances and thick walls were
evidently randomly distributed on the PS surface. A
modest density of poreswas observed, and porosity
was approximately (45%,72%), the surface of the p-
PS samples cracked, and numerous new pores
evidently formedinsidethe cracks.

Theaverageporediameter (d) for two samplesof
PS layer formed on the p-PS (100) wafers were
(19.47& 22.70nm) and calculated us ngAFM. Then the
optical energy gap E (eV) was calculated using
equation®28;

R (1 1

Eenn=Es+tgz {m_z + m—%} 2
Where Ee istheenergy band gap of the p-PS|ayer,
E, isthe energy band gap of bulk c-Si=1.12eV, his
Planck’s constant =4.13x10 (eV. s), Whereas 1, _
and m, arethe electron and hole effective masses,
respectively (at 300K, 1. =0.19 m,, m, = 0.16 m,,
and m = 9.109x10*" kg.

The absorption spectraof PS, PS-QD samplesand
PS/CdSeareshownin Figure 5. M easured absorption
of both PSand PS-QD sampleswasvery similar, and
it wasthe same at 550 nm, where PL peak in PS-QD
samplewas detected. The absorption maximaof PS
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Figurel: 2D& 3D AFM images of PSsurface at constant current density 7mA/cm?and at 7min etching time for p-type

(500NmMx500m)
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Figure2: 2DAFM imagesof PSsurfaceat congtant current density 7mA/cm?and at 15min etchingtimefor p-type(500nmx500m)

and PS/CdSe sampleswerefound at 610nm. Detected
absorption of PSisvery smilar to pgCdSeabsorption,
the absorption investigation of QDsintherangefrom
400 to 900 nm.

The maximum absorption of the PS/CdSe layer
formed on the P-type c-Si (100) has been observed at
639nm (1.940eV) withafull-width and half maximum
of gpproximately 145 nm asaresult of thehigh porosity
and completely etched PS layer of thissample. This
phenomenon indicatesthat PL intensity isproportiona
to the number of emitted photons on the PS surface.

Thelowest effectivetransmissonwasobtained from
the PSlayer formed on the P-type c-Si (100) sample,
which evidently reduced light reflection and increased
light-trapping at wavelengths from 400 to 1000 nm.
Figure4 showsdark current —voltage in forward and
reverse directions of three samples measurements

carried out by applying voltage supplied to themost of
thesamplefrom (0-25)V.

Figure 4, represented (1-V) characteristics of the
junctioninthefigurecanbeexplained asinthefollowing
observations, nonlinear behavior: (atlow voltages), that’s
mean under the forward bias condition; it showsthe
exponentia increasein current,. Under reversebias,
for al cases, it is clear that the curves contain two
regions; inthereversebias and at the same val ues of
thevoltage, reverse current isdightly increased with
the applied voltageand thisleadsto generate e ectron-
holepairsat low bias (for zero applied voltage exactly
bal ancesthediffuson current).

The efficiency of a solar cell isthe ratio of the
electrical power it deliversto theload, to the optical
power incident onthecdll. It can beseenfrom Figure4
that the solar cell with the CdSe layer based p-PS
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Figure3: Spectral absorption for, (a) ¢-Si, (b) p-PSat 7min etching time, 7mA/cm? current density, (C) p-PSat 15min etching
time, 7mA/cm? current density. (d) p-PS/CdSeat 7min etching time, 7mA/cm? current density and (€) p-PS CdSeat 15min

etchingtime, 7mA/cm? current density
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Figured: |-V curves in 7mA/cm? current density, (a,b) at etchingtime (7, 15min) respectively

displaysanincreased short-circuit current (Isc) from
4.5t012.5mA inopen-circuit voltage (Voc) 25voltin
PS/CdSe mV, leading to an increased conversion
efficiency from8.8t0 12.25% for etching time 15min
and from (3.5t0 6%) for etching time 7min.

CONCLUSIONS

Porousslicon (p-type) hasmuch different structures
and its pore diameter varies from nanometer to
micrometer, according to the etching conditions as
shown by theexperimental resultsof AFM.

The C- V measurement reveal ed that thejunctions
areabrupt and the biotin- potential va uesare strongly
dependent on the etching conditions. The porosity of
silicon changes the response spectrum region of the
detector.

All thesolar cdll isworkingfor visbleand near infra-
red (400-800) nm regions. TheAl/c-SI/p-PS/CdSe/
Al exhibited has good efficiency at 7mA/cm?,15min
etchingtime.
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