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Fabrications and Characterizations of Porous Slicon

by Two-step Techniques
I1: Pulse Current Application

CHENG Xuan' ", L IU Feng-ming' , WEN Zuo—xin®,
L IN ChangHian® , TIAN Zhong-qun®, and XU E Ru®
(1. Dept. of Chem., 2. State Key Lab. for Phys. Chem. of Solid Surfaces,
3. Center for Instrumental Anal. and Measurements, Xiamen Univ., Xiamen 361005, China)

Abstract : rorous slicon structures were formed by two-step technique cond sting of
pulse current gpplicationsin 1 1 hydrofluoric acid and ethanol lutions and chemica
oxidation in 20 % nitric acid solutions. Their surface morphologies and optica properties
were characterized by scanning electron microscope (SEM) and Raman ectrometer ,
and compared with those obtained by constant current application. More uniform pore
formation on p(100) slicon wafers wasobserved by pulse current gpplication. Illumina
tion with an ultraviolet lamp during the pulse current gpplication accelerated the macro-
pore formation , acocordingly , the optica properties were changed.
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1 Introduction

In Part 1!, the surface morphologies and optical propertiesof porous slicon structures, fab-
ricated by a two-step technique employing constant current/ chemica oxidation procesesin 1 1
HFethanol solutions and 20 % nitric acid lutions, were investigated. It wasfound that the sur-
face products generated during anodization of dlicon wafers sgnificantly influenced the uniformity
of porous dlicon formation. This work was extended to study porous slicon structures fabricated

Received date: 2000-07-03
*  Corregponding author

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



1 : I: - 79 -

by pulse current/ chemica oxidation technique. It is expected that the surface chemistry can be
dgnificantly changed when pulse anodic or/ and cathodic currents are goplied to slicon wafers,
which may directly result in the ref reshment of wafer surface during the porous dlicon formation.
The two partsof results are compared and discussed.

2 Experimental

The slicon wafer samples and testing conditions used in this study are summarized in Tab.
1. The dectrochemicd cell , electrodes and chemicals used for the fabrication of porous slicon by
pulse current gpplication were the same as previoudy used'*). The wafer samples except §-20 ,
which camefrom a source outsde of China, were kindly provided by the Huading Electronics In-

corporations of China.
Tab. 1 Badc information of dlicon wafer sanrples and test conditions

Type & Orientation, Pulse Current Application Chemical
Sample No. o Oxidation
Reddtivity @Q-cm) Anode (A) Cathode (A) Time (min.) . .
me \mln
S-20 P(100) ,1 10 0.10 0 10 30
S-21 P(100) , 35.48 35.90 0.15 0.05 10 30
S-22 P(100) , 35.48 35.90 0.40 0 10 30
S-23 P(100) , 35.48 35.90 0.40 0 20 30
S-24 P(100) , 35.48 35.90 0.80 0.20 20 60
g-25 (21W) P(100) , 35.48 35.90 0.80 0.20 20 30
S-26 P(100) , 35.48 35.90 0.80 0.20 20 30
. Model DLPS-3 i
U]‘I’.‘l’a\"loll?t Tritium Lamp 3
Nllumination Constant Current
Power Source £,
p nZnBEB

Model PD-1
Pulse
Power Source

Foil

Magnetic Agitator

Fg. 1 A <hematic representation of experimenta  Fig.2 Pulse current goplication
set-up for porous slicon fabrication

Fig. 1 schematicaly shows the experimenta agpparatus used for the porous dlicon fabricar
tion. The pulse current dgnals generated by Modd PD-1 pulse power urce, as illustrated in
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Porous silicon (ayer

Fg. 3 Surface morphologies of porous slicon structures obtained by pulse currents chemica oxidation technique.
The cross sectiond SEM of 3-21 isdw induded in the figure. (a) $-20 (b) §-21 (c) 9-22 (d) 9-23

Fig. 2, were applied to p (100) slicon wafersinl 1
HF and ethanol slutions for a period of time. In
Lme teds, ultraviolet illumination with a tritium
lamp was gpplied to investigate the influence of
light. After the pulse current gpplication, the samr
ples were dipped into 20 % nitric acid olutions for
30 or 60 minutes. All the treated samples were then
rinsed sequentialy with distilled water and ethanol ,
and dried in air. The surface morphologies and opti-
cal properties of porous dlicon structures were stud- ob
ied by SEM and Raman ectrometer usng the same B T T
instruments as previoudy describedl. All the tests Wavelength/nm

were performed at room temperature and under nor-

mal room light condition unless otherwise stated. Fig. 4 The correponding Raman ectra for

3 Results and Discussion porous dlicon sarmples showing in Fg. 3.
(a) §-20 (b) 9-21 (c) 9-22 (d) 9-23

Intensity/counts

Surface morphologies of porous dlicon struc

2% © 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.5 XPS gectraof 9(2p) and O(2p) obtained from S-20.
( )surface ( )15 nm ( )20 nm

turesformed on S-20, S-21, S22 and S-23 are compared in Fig. 3 with the same magnificar
tion. The cross-sectiona morphology of S-21 isa < included in the figurefor its thicknessinfor-
mation. The correponding Raman gectra obtained with these four samples are provided in Fig.
4. Itisevident from Fig. 3 that the pore szesof the four samples varied condderably and ranged
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Fig.6 Surface morphologiesof porous slicon fabricated by pulse current/ chemica oxidation tech-
nique. The corregponding Raman ectra and the cross scetiond SEM of S-25 ared o i
cluded in thefigure. (a) 9-24 (b)3- 25 (c)9- 26

from 0.5 3U m. When both pulse anodic and cathodic currents were goplied to S-21, the pore
size became larger , as can be seen from Fig. 3(b). The thickness of the porous slicon layer
formed on S-21 appeared to be more than 104 m. When only pulse anodic current was applied ,
the larger anodic current produced more well-defined and more uniform porous structure on S-20
(Fig. 3(a)) than 922 (Fig. 3(c)). Thelonger anodic polarization on 923 (Fig. 3(d)) tended
to make the slicon surface rougher and to form surface products more sgnificantly , as compared
with 922 (Fig. 3(c)). Among the four samples, the strongest photol umi nescence was observed
for S22 which reveaed more uniform porous structure at 715 nm asevident in Fig. 4. Sample S
-23 exhibited the weakest photoluminescence near 701 nm. The photol uminescence intensties of

J © 1994-2008 China Academi al E ublishing House rights reserved. tp://www.cnki.ne



S-20 and S9-21 were sosmewhat between S-22

720 5i-20

and S-23. 20000 _:; "-.'(c) (2)Fresh porous Si

Typica XPS pectraof 9 (2p) and O(2p) ; 1 (b)Aged porous Si

. R . (c)Aged & treated
obtained from §-20 are present in Fig. 5. Itis _ so0g F60 % with decene (1)
evident that the surface chemistry of porous sli- é :,-‘,/ \\(b)':‘_
con dgnificantly differsfrom the bulk. Thein = Iy L
tendtiesof S and O dightly increased from the E 10000 j \‘ "'.,_.
surface to 20 nm away from the surface. Only : ; ‘\'-.__
one peak was detected for dlicon by XPS at the SOOE}T | \\
surface. However , two S peaks were observed J 720 (2) \
20 nm away from the surface. . The peak ener- Or '. . ) . \“. - .
gy of O dightly increased from the surface to 20 600 @gvelengtwsfg 900

nm away from the surface. These might indi-
cate that the surface - related structuresformed g 7 Raman pectra obtained with S-20 by puse

during porous dlicon formation consst of vari- current application technique. (a) fresh

ous dlicon oxidation products such as dlox- porous slicon; (b) aged porous dlicon; (c)

enel?! . aged porous slicon structures treated with
The surface morphologies and their corre- decene(1) .

gonding Raman ectraof S-24, S-25 and S-
26 are compared in Fig. 6. Prolonged chemical
oxidation on §-24 in nitric acid solutions (for 60 minutes) right after the pulse current gpplication
displayed stronger photol uminescence intensty. On the other hand, shorter oxidation (for 30
minutes) on S-26 improved the uniformity of porous structure, but did not significantly infl uence
its photoluminescence intensty and peak podtion, as compared with S-24. The ultraviolet illumi-
nation during the pulse current gpplication on S-25 appeared to enlarge the pores formed and
caused‘ blue - shift” (as evident in Fig. 6(b)). The thickness of the porous slicon structure
formed on S-25 can be evduated from the cross- sectional SEM , a9 included in Fig. 6, to be
204 m, which is much thicker than that observed on S-21, athough both samples showed very
smilar surface morphologies. Therefore, thicker layer and more uniform pore structure can be
fabricated when the pulse anodic and cathodic currents are goplied to dlicon wafers under ultravio-
let illumination. Accordingly , the optica property of the porous slicon formed isa s found to be
changed cond derably.

In Part 11! it was demonstrated that the aged porous slicon (after a year storagein a desic-
cator) sgnificantly increased the photol uminescence intensty but the treatment of the aged sam-
ples with styrene and decene (1) had minima effect on their photoluminescence intensties. To
verify this phenomenon, smilar treatments were performed for S-20, and the Raman ectraob-
tained are compared in Fig. 7. It isagain confirmed with the enhancement of photol umi nescence
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intensty due to the aged effect!*). However , the cause for this sgnificant increase in photol umi-
nescence intendty has not been studied in this work. It is believed that this observation may be
asociated with the ateration of surface gecies present on porous slicon layer. Further investiga
tion is needed to understand this phenomenon.

4 Conclusion

The porous slicon structures fabricated by pulse current application showed more uniformly
digtributed pores and the thickness of the porous layer increased as compared with those obtained
by constant current agpplication. The photoluminescence intensity of aged porous dlicon samples
formed by pulse current gpplication was al 9 found to be condgderably enhanced. The ultraviolet il-
lumination could cause porous dlicon* blue shift”.
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