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ABSTRACT

In thiswork, Electrochemical Etching, (ECE) and Photo Electrochemical Etching, (PECE) were used to produce
porous silicon for p-type and n-type (111) orientation. The Root-mean-square (RMS) surface roughness is a
commonly accepted parameter to describe surface by imaging techniques Atomic Force Microscopic (AFM) was
used to analyse the surface sample. The effect of type substrate on a surface porous morphology by optical
microscope have been examined. the dependence of porous silicon morphology on fabrication conditions and the
link between morphology, photocurrent, and energy gap of porous silicon layer (PS)have been determined.
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INTRODUCTION

Poroussilicon (PS) hasmany uniquecharacteristics
such as direct and wide modulated energy band gap,
highresdivity, vast surfacearea-to-volumeratioand the
samesingle-crystal structureasbulk. Physica features
of poroussilicon are connected with quantum confine-
ment effects, i. e, with achangeof theband diagramand
increase of effectiveband gap. Digtinctionin absorption
of thelight by PSand crystdlinesiliconisthat in PSthe
porescan play aroleof waveguides. Thelight gotina
pore, after repeated reflectionsfrom the porewal lswill
penetratefar deepinto PS. At theexpenseof it, PSab-
sorbslight morestrongly thanbulk Sllicon. Therefore, itis
promisng for creation of photodetectorsonthe PSbase.
Theseadvantagesmakeit asuitablematerid for photo-
detectorg¥. Silicon nanocrystal have been shownto pos-
sessintriguing properties, such asband gagp control with
nanocrydd sze, very fast optica trandtion, and multiple

carier generation?,
EXPERIMENTAL DETAILS

Electrochemical etching

Thesiliconwafer servesastheanode. The cath-
odeismade of platinum or any HF-resi stant and con-
ductingmaterid. Thecdl bodyitsdf is, ingenerd, made
of highly acid-resistant polymer such asTeflon. Since
theentiresliconwafer servesastheanode, PSisformed
on any wafer surfacein contact with the HF solution,
including the cleaved edges. Figure 1 showsasche-
matic design of PSsystem.

Photo electrochemical etching

AsshowninFigure2,inthiscasebyilluminatingn-
type substrates, surface of thewafer with sufficiently
energetic photons, holes can be photo-generated inthe
bulk. Illuminating n-type substrates surface by thedi-
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Figurel: Schematic diagram for thedesigned poroussilicon fabrication system.

Samplepreparation

Theexperiments, Poroussliconfilmswere produced
using monocrystalinesiliconwafersp and n-type, with
resistivity’s (14-22) Q.cm, and 10 Q.cm respectively
having a(111) orientation. Sampleswere made of po-
roussilicon produced with astandard technique of an-
odizingpandn-Si slicon subgtratesinan dectrolyte HF
(40%) :(99.8) % CH,OH (withal:1 volumeratio) un-
der constant etching current density of 60 mA/cn? at
10minetchingtime. Methanol and a cohol areused com-
monly to deanthewafer by immersingitinthesechemi-
casinturn, inthe ultrasonic bath for few second. The
average porouslayer thickness and the porosity were
measured by gravimetric methods. The sampleswere
thermally oxidesinair (at 300 °C for 30 min). top AI/PS/
c-Si/bottom Al was shown in Figure 3. To ensure an
uniformcurrent distribution aspossible, thesampleswere
coated with =800 nm layer of aluminum onthe back-
sde. Theevaporation wasperformedinavacuum pres-
sureof 10°torr, using an evaporation plant modd “E306
A manufactured by Edwardshighvacuum”. In this work,
anAA 3000 Scanning Probe MicroscopeAFM system
in School of gpplied sciences, University of Technology
hasbeen used. The current passing through thedevice
wasmessuredusngaUNI-T UT61EDigitd Multimeters.
Thismeasurementswasdoneunder light of differentillu-
mination power densities supplied by aHa ogen lamp
150W whichisconnected to avariac and calibrated by
apower-meter. The photosengtivity of the photodetec-
tor wasinvestigated inthewavd ength range of 400-1000
nmwiththead of Joban-Yvon monochromaticand stan-
dard S power-meter.
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Figure?2: Schematic diagram of the poroussilicon fabrica-
tion system.
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Figure3: Cross-sectional view Al/PS/c-Si/Al sandwich struc-
ture.

RESULTSAND DISCUSSION

X-ray diffraction

Figures 4 and 5 show the X-ray diffraction pat-
ternsof the porous structureon p-Si and n-Si substrate
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at different etching current density respectively. A pesk
becomesvery broad with varying full-width a haf maxi-
mum asshownin Figures4-5which confirmtheforma
tion of porous structure on the crystalline silicon sur-
faceat 40 mA/cn?. At high etching current density large
than 60mA/cm? X RD spectrashowed that the struc-
tureisamorphous.

p-type

500 60 mA/cm?

400 : 40mA/cm?

= 200
150
100

50
o

26 27 28 29

b -40mA/cmn2
c -60OMA/cmA2

30 31 32 33 34 35
2theta (deg.}

Figure4: XRD spectraof c-S and PS samplesanodized for
10 min at b) 40mA.cm?, and ¢) 60mA.cm?.
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Figure5: XRD spectraof c-S and PS samplesanodized for
10 min at b) 40mA.cm, and ¢) 60 mA.cm?,

According tothetheory of propulsontheessentia
tenslestressesare produced both in poroussilicon and
inS subgtrates. Therefore, themicro cracksareformed
in PS and that serve as easy path for further pore
growthi®,

SEM

Thestructurd propertiesof PSi layer such assur-
face morphol ogy, specific surfacearea, porewidth, pore
shape, thicknessof wallsbetween pores, and layer thick-
ness have been studied in thiswork by using SEM.
Figure 6 showsthed ectron micrograph of inclined sili-
con surface etched with 40mA/cm?. Thisfigure con-
firmsformation of columnar grainsarranged periodi-
cdly dongtheetched surface.

AFM

Two and Three-dimensional AFM image of the
as-anodized poroussilicon surface structureformed
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on n- and p- typefor 10 min etching time 60 mA/cm?
etching current density are showninthefollowingfig-
ures. The PSlayer thickness and roughness are not
monotonicaly proportiond totheanodizationtime. The
surface morphology measured by AFM isgiveninFig-
ures 7 and 8, which show that the surface of the PS
layer consists of inhomogeneous and large number of
irregularly shaped distributed randomly over the en-
tiresurface. Representative5 um x 5 pm images two
and three dimension of porous silicon with various
etching timeare shownin Figures 7 and 8. The sur-
face of the etched PS layer consists of a matrix of
randomly distributed nanocrystalline Si pillarswhich
have the samedirection and AFM images a so show
voidsthat the uniformity. Root-mean-square (RMS)
surfaceroughnessisacommonly accepted parameter
to describesurface. Itistypicaly usedto quantify varia-
tionsin surface el evation, the RM S roughnessfor p-
typeisfound to be 24 nm and n-typewas 5.52 nm;
asothe Sz.(Ten Point height) was 50.9 nm for n-type
and 199 nm for p-type, With largeirregular upright
structure of silicon crystallites. It isclear that thefor-
mation porouslayer depends on the substrate type.
The change of thesevaluesin RM Sfor nand p-type
agreewithHong and Led. Thesedifferent morpholo-
giesaretheresult of different poreformation mecha
nisms. Many mechanismsare thought to contributeto
the electrochemical pore growth processin silicon,
and themorphol ogy resulting from agiven experiment
isusually determined by acombination of several of
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Figure7: 2D and 3D AFM imagesof PSsurfaceat constant
current density 60mA/cm2and at 10min etching timefor n-
type (Sumx5pm).

Optical microscopy

From Figure9, optical micrograph showsthat the
distinct variation between thefresh silicon surfaceand
theporous silicon surfacesformed at 40mA/cn etch-
ing current density for 10 min etchingtime. Thesample
exhibited high density of small poresdistributed over
the etched region wherethereishigdifference between
the non-etched and etched Slicon surfacesasshownin
Figures6 and 7. The porous surface shows different
colorsasshownin Figure7; also sometimecloseto
red resulting may be sub oxideof sillicon. Thisconfirms
the anodic dissolution of thesilicon surfaceleading to
porous structure formation and the visua observation

—= Fyll Paper

of thesliconsurfaceisconsidered asavery important
feature gave photol uminescence.
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Figure8: 2D and 3D AFM imagesof PSsurfaceat constant
current density 60mA/cm2and at 10min etchingtimefor p-
type (Spm*5pum).

Photoluminescencein smpletermsisareversepro-
cessof absorption, sothedifferent color resulting from
broadening of the band gap energy occurswhenthere
isadecreaseinthecrystallitesize. (PL) at room tem-
perature when compared to afresh c-Si surfacefor p-
Siandn-Si.

[lluminated current —voltage

Figures 10 and 11 show thereversed current-volt-
age characteristics of thedevice measured in dark and
under different light intensity il lumination, the photocur-
rent under a(1.2-20) mW/cm? tungstenlampillumina
tion, also thisfigureexplainsthe J-V characteristics
sandwichesAl/PS/p-Si/Al and Al/PS/n-Si/Al structure
under illuminationwith constant etchingtime. It can be
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seenthat thereversecurrent val uea agiven voltagefor
theAl/PS/c-Si/Al heterojunction under illuminationis
higher than that in the dark. It increaseswith thein-
creaseof light intensity. Increasing thebiasvoltagein-
creasesthe photocurrent. The photocurrent decreases
withincreasing preparation current dengity, etchingtime,
etc. Theincreasingvaueof resstivity isduetoincress-
ing the PSlayer thickness, but asshowninthefigures,
thereareincreasein photocurrent at increasing PSlayer

thicknessin p-type. Thismay duetotheexcessiveetch-
ing process which leadsto increase of porosity of the
poroussiliconlayer and henceimprovethesenstivity of
theformed junction between the crystallinesilicon and
the PSlayer™®. Figure 12 demonstratesthe dependence
of photocurrent onlight power density. Itisclear that the
relationshipislinear andtheAl/PS/p-Si/Al photodetec-
tor hasgood linearity characteristicscomparewith the
Al/PSIn-Si/Al photodetector.

Figure9: [a] and [b] optical micrograph of PSsurfaceon p-S and n-Si for med at 60mA/cm2 etching current density for
10min etching time; [c] Optical imagesof cr oss-sections of por oussilicon PS/Si —interface.
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Figure10: Photocurrent of PS/p-S heter ojunction asafunc-
tion of rever sebiasilluminated for different power density at
10 min etching time, 60mA/cm?,
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Figurell: Photocurrent of PS/n-S heter ojunction asafunc-
tion of rever sebiasilluminated for different power density at
10 min etching time 60mA/cm?,

Energy gap of poroussilicon

The value of energy gap is determined by the
photoresponse spectrum curve between photocurrent
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and energy of quantaof theincident light. Inthecase of
nano- or micro-poroussilicon, quantum confinement
causes spatia fluctuations of the effective band gap as
can be seen in Figures 13 and 14 for p-type and n-
type, so ag®” reported that the porouslayer behaves
aswideband semiconductor senstivetothevisiblelight.
Figures 13 and 14 show the energy gap for theinvesti-
gated sampleislargethan 1.1eV, and for nanostructure
PS layer was 2.26eV, while it was 1.9eV for micro-
structure PSlayer. Theenhancing of band gapin PSis
rel ated to quantum-size effect. The main quantum con-
finement effect isrepresented by theappearance of new
energy levesinthesilicon band gap. Theincreased band
gap resulting from quantum - confinement excludesva
lence band holesfrom thesesmalest regionsof the po-
roussilicon matrix®.
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Figure 12 : Photocurrent density of PS/p-Si and PS/n-Si
heter ojunction asafunction power dendty for different etch-
ingtimeat 5v reversebias.
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CONCLUSION

Thedimensionsand morphol ogy of the pores can
be controlled by anodi zation parameters. Poroussili-
conwasanodized on n-typesilicon with laser light and
on p-typesiliconindark, usngacurrent density of 60
mA/cm? etching current density for 10 minetchingtime.
Wedemonstrated that it is possibleto usethe AFM to
obtaininformation of thesurface of porouslayers, such
assurfaceroughnessand thickness. TheAl/PS/n-Si/Al
photodetector hasthe performance of photocurrent ~
1079uA under 20 mW/m?illuminationsand dark cur-
rent ~0.08pA, while the Al/PS/p-Si/Al photodetector
has the performance of photocurrent ~ 1500pA and
dark current ~ 26 A at the same condition. Thelow-
energy gap a 1.9 eV wasobtainedin PSwith character-
ized by thethickness222.53 nmfor p-typeand thehigh-
energy gap at 2.26 eV wasobtained in PSwith charac-
terized by thethickness 66.76 nm for n-type. The peak
shiftstowardsthe higher energy side, which supportsthe
quantum confinement effect in poroussilicon.
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