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Fabrications and Characterizations of Porous Slicon
by Tow-step Techniques
| :Congtant Current Appiication
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Abstract: PRorous slicon structures were formed by a two-step technique consst-
ing of electrochemical polarization and chemical oxidation processesin 1 1 hydrofluoric
acid and ethanol olutions. A constant current density of 0.03 A/ cm® was applied to p-
type dlicon wefers, followed by chemica treatment in 20 % nitric acid olutions. These
samples were then caref ully examined by scanning electron microscope (SEM) and Rar
man spectrometer to study their surface morphologies and optica properties. After a
year storage in a desiccator , the aged porous dlicon samples were re-examined by SEM
and Raman ectrometer before and after treated with styrene and decene(1) organic
lvents, repectively. It wasfound that the Raman intendtiesof the aged porous Slicon
samples were sgnificantly enhanced. However , the treatments of the aged porous sli-
con samples with tow organic lvents did not alter their optica properties.

Key words: Porous slicon, Photoluminescence, Surface morphology
CLC number: 0646;0649. 4 Document Code: A

Receved Date: 2 April 2000
*  To whom corregpondence should be addressed.

Foundation item :Supported in part by Scientific Research Foundation for Returned Overseas Chinese Scholoarsfrom
the State Ministry of Education of China.



. 400 - 2000

Introduction

Although porous slicon is readily formed by anodizing slicon wafersin HFbased sl utions,
its application in slicon-based optoelectronic devicesis greatly limited due to itspoor stahility and
low luminescence yidd. Sgnificant researches have been carried out in an efort to study porous
dlicon formation and to understand its luminescence mechanism. The first mechanism to explain
the vigble luminescence from porous slicon involved carrier recombination within quantum sze
dlicon particles or nanowi res (guantum corfinement) , however , more recent work has shown
that the surface chemistry appears to be the controlling factor in thislight emisson process. The
surface related structures include sloxene?! ,polydlanes or S Hy oomplexesm ,and nonbridging
oxygen hole center defects**!. Furthermore, the photoluminescence (PL) hasa o been reported
to shift dgnificantly after immerdon in various chemica olutions® and polar/ nonpolar sol-
vents”! none of which etch slicon. Thiswork was conducted to gan more information on porous
dlicon fabrication. Porous slicon was formed by a two-step technique conssting of anodization/
oxidation in 1:1 HFethanol lutions. The surface morphologies and optica properties of porous
dlicon structures were characterized by SEM and Raman gectrometer.

Experimental

The dlicon waer samples used in this study were p(100) slicon with different resgtivities,
asgiven in Table 1. The chemicals were used of analytic grade. The electrochemica cel was
made of Teflon. The working and counter electrodes were slicon wafer and platinum foil , both
were held vertically and facing each other. The exposed area of slicon to electrolytes wasfixed at
1 cm?. The reference electrode was saturated caomel eectrode (SCE). All the tests were per-
formed at room temperature and under norma room light condition.

A two-step technique was employed to prepare porous structureson slicon wafers. The tech
nique badcaly involves eectrochemical polarization and chemical oxidation processes. Eectro-
chemical polarization of the dlicon wafers was carried out by chronopotentiometry technique usng
an EG& G mode 273A Potentiogtat in 1:1
HF and ethanol =lutions for a period of [___l

time. Chemical oxidation was performed by

dipping the wefersinto 20 % nitric acid solu Computer

tionsfor a period of time. The badc infor-

mation of experimental tests is summarized

EG&G
in Table 1. The experimenta apparatus usedSi Wafer Potentiostat
for porous slicon fabrication are schematical- [Magnetic Agitator] Model 273

ly shown in Fig. 1. All the treated samples

were then rinsed sequentialy with digtilled Fg.1 A schematic representation of experimental set-

water and ethanol , and dried in air. The up for porous silicon fabrication
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morphologiesof porous dlicon structures were studied by SEM technique usng a Hitachi S520

scanning electron microscope. The accelerating energies ranged 20 25 KeV. All the samples

were examined without coatings. A Dilor LabRam | with confoca microscope Raman spectrome-
ter was used to study the optical properties of porous dlicon structures.

Tab.1 Badcinformation of slicon wafer sanples and experimentd tests

Test No. . . Hectrochemica . 2\ .
Type orientation & o ) Chemicd oxidation/ min.
& sample o polarization/ min.
resgivity/ Q-cm 20 % HNO3
No. 1 1(40 %) HF + ethanol
(a g-1 P(100) * ,6.37 7.39 10 30
(d)g-2 P(100) © 7,1 10 10 30
(b) S-1 P(100) * ,6.37 7.39 10 60
(g1 P(100) * ,6.37 7.39 20 30

“from HuadJing Hectronics Incorporations, China, = “from a source outsde of China

Results and Discussion

Typical chronopotentiograms of p (100) dlicon
wefer dectrode in 1 1 HF and ethanol lutions at
0.03 A/ cm? are present in Fig. 2. The potentias in
creased rgpidly to value upon gpplying a constant cur-
rent density of 0.03 A/ cm? ,then dropped to a relative-
ly constant value in less than 200 seconds and stabilized
aterwards. Although the initia potentid drops dif-
fered from wafer to wafer , the fina potentias stabi-
lized at the same level. Hence, the difference in con
stant current gpplication at 0. 03 A/cm? to different
wafers should be minimal .

Four porous slicon samples were then fabricated
and the detailed test information is provided in Table

E/V (vs. SCE)

1=0.03 Adem?

Fg.

¢ 200 400 600

£

2 Typicd chronopotentiograms ob-
tained with different P(100) sli-
oon sanples. (a) §-1;(b) 9-2

2. Tet (a) and Test (d) were performed at the same fabricating conditions but with different
wdfers, while Tests (a)  (c) were performed with the same wafers but with different anodizing
time ((a) and (c)) or different oxidation time ((a) and (b)) . The surface morphologiesof these
four samplesare present in Fig. 3, and their correpponding PL gectra are a0 included in the fig-

ure. Asshownin Fig.3, the pore szesformed under different test conditions were close, ranged

1 2P m, however , their surface morphologies sgnificantly differ from each other. For example,
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there were' stripes’ formed under prolonged eectrochemica polarization (Fig.3(c)) , some sur-
face products were covered over porous structuresin’ white stripe” areas. The cracksobserved in
Fig.3 (d) might be contributed to the thinner nature of wafer sanples. All the porous dlicon
structuresformed on p (100) slicon displayed red photoluminescence. Although the peak postion
was about the same the PL intensties varied. The prolonged oxidation treatment (Fig. 3(b)) or
prolonged eectrochemica polarization (Fig.3(c)) dightly increased the intensity PL , in particu
lar , when the extended polarization was applied (Fig.3(c)) .
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Fig.3 Surface morphologies of porous slicon obtained under conditions provided in Table 2. Their corre
gonding Raman ectra are o shown in the figure

SEM photographs of porous slicon structures obtained by applying constant anodic current
dendty of 0.03 A/ cm?on S-1 wafer for 10 minutesfollowed by chemical oxidationin 20 % HNO;
utionsfor 60 minutes are shown in Fig. 4. Asevident in Fig.4(a) , the slicon surface became
very rough and appeared severa layers. A layer’ C’ conssted of nonporous structures and sat on
the porous structures that are formed continuoudy. This layer might be related to the surface
products created during the etching and oxidation processes. Figs. 4 (b) and (c) provided the
morphologies of* A” and‘ B” areas at more expanded scaes to revea detailed porousfeatures. It
can be sen from regions® A” and‘ B” that the pore szesranged 1 2J m with very rough sur-
face.

Smilar structures with better-oriented layers were d < observed in Fig.5(a) . The layer* A”
formed along with the (100) orientation at spacing 3 6M m. The eectrochemica polarization

2% © 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved.  http://mwww.cnki.net



Fig.4 SEM imagesof S-1 after initialy applying a constant current densty of 0.03 A/ e for 10 minutesin
HF :C,HsOH solutions followed by dipping in 20 % HNO; solutionsfor 60 minutes. (a) genera view ;
(b) expanding view in Regions' A” and‘ B” ; (c) expanding view in Region‘ B”

Fig.5 SEM imagesof S-1 after initialy applying a constant current densty of 0.03 A/ cn’ for 20 minutesin
HF :CG,HsOH solutions followed by dipping in 20 % HNO; solutionsfor 30 minutes. (1) genera view;
(2) expanding view showing detailed featruesin Regions’ A" and* B” ; (3) expanding view showing
pore sructure in Region* B”

time was doubled but the chemical oxidation time was reduced to a haf as conmpared to Fig.4. In
thiscase, more products covered on the slicon surface, the porous slicon structures were observed
only between and underneath the layer* A” , ascan be senin Fig. 5(b) at more expanded scales.
Comparing Fig. 4 with Fig.5, it isevident that the pore szes did not varied much when the sam-
ple was treated with extended chemical oxidation in HNOs solutions. However , the surface mor-

24 © 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved.  http://mwww.cnki.net
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Fg. 6 Crossoxtion morphology of porous slicon Fg.7 Raman gectraobtained with S-1 under the
under the test condition (b) shownin Tab. test condition (a) (fresh). The samples
2 were gstored for a year (aged) and treated

with decene (1) and styrene, regectivey

phologies had been changed. The extended anodization enhanced the formation of surface products
(layer* A”) on dlicon, while the prolonged oxidation may be beneficial to the dislution of the
surface products. The cross section morphology of porous slicon structure formed under the test
(b) isshownin Fig.6. The thickness of porous slicon layersformed can then be evaluated to be
6 1 m.

The PL gectraobtained with S-1 sample under different conditions are compared in Fig. 7.
The pectrum(a) of fresh porous slicon sample was recorded right ater the porous structure was
formed by the two-step technique under Test(a). The spectrum(b) for the aged sample was ob-
tained ater the porous slicon sample was stored in a desiccator for a year. In addition, the aged
samples were treated with styrene and decene (1) , regectively , for 60 min. , the gpectra(c) and
(d) obtained are then included in Fig. 7 for comparioons. It isinteresting to note that the PL in-
tendty for the aged porous dlicon structure was sgnificantly increased. However , the treatments
of the aged sample with two typesof organic lvents showed minima efectson PL intengties.

Summary

The porous slicon structures were obtained by a two-step technique involving e ectrochemical
polarization and chemical oxidation. The pore szesformed ranged 1 2P m and the thickness of
the porous dlicon layers was eval uated to be 6 100 m. The presence of surface products generat-
ed during etching and oxidation processes on slicon surfaces influenced not only the pore forma
tion, but a0 the optical properties of porous slicon structures. The prolonged anodization was
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beneficid to the remova of surface products. The aged porous silicon sample showed the enhance-
ment of photol uminescence intendty.
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