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Abstract

The photoluminescence stability of the porous silicon produced by laser-induced
etching of silicon has been studied. We have employed a method to improve the PI
stability of the porous structure. The porous structure was coated by a thin polymer
layer, which is transparent to the visible light emitted by the Si nanocrystallites, The
porous structure was not affected by the polymer layer and the size of the consistent
silicon nanocrystallites does not reduce with the aging time. It has been observed that
the polymer treated PS samples are chemically stable and that leads to improve the
photoluminescence stability of the porous silicon with aging time.
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1. Introduction fabricated by electrochemical etching of
Crystalline silicon has considered silicon wafer in HF acid [10-11] that

as an essential material in the electronic gives broad photoluminescence (PL)
industries, but its application is limited band characteristics due to the large
in optoelectronics due to its indirect nanocrystallites distribution.
band pap which makes the material Photochemical etching by laser [12-17]
inefficient light emitter [1]. The provides an alternative method 1o
discovery of intense visible produce and control the size and the
photoluminescence at room temperature emission characteristics of PS. The
from silicon nanocrystallites and porous photoluminescence from silicon
silicon has attracted a great interest last nanocrystallites is often attributed to
decade [2-3]. Much effort has been quantum  confinement  effect. The
focused on the control of the light quantum confinement model suggests
emission properties and the stability of that electron confinement within the
the electro and photoluminescence of the nanometer size crystallites leads to
consistent silicon nanocrystallites [6-8]. enlarge the band gap and also blue shif
Porous silicon (PS) is a complex the band gap toward the visible region
network of pores separated by thin walls [18]. However, other model was
consisting silicon nanocrystallites of - - eXplained- the - photoluminescence from
different sizes [9]. Usually, PS is silicon nanocrystallites as a result of
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chemical compounds formation at the
porous surface [19],

The freshly prepared porous
silicon is hydrogen passivated and
contains essentially no oxygen and
exposure to ambient air results in
progressive modification of hydride

surface and oxidation of PS [20]._With. -
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large  surface-to-volume ratio in
nanometer sized crystallite, the surface
cifects become more enhanced as the
size of the nanocrystallite decreased.
Therefore, the atmospheric storage of
porous silicon leads to form an oxide
layer at the porous surface. In particular,
oxygen atoms at the surface critically
modify the electronic structure of silicon

nanocrystallites [21-23]. The
atmosphere-stored  porous  samples
exhibits unstable photeluminescence
emission where the PL intensity

decereases drastically with aging time
accompanied by the blue shift of PL
spectra.

Many authors [24-27] have
studied the photoluminescence stability
of porous silicon produced by

FPhotoluminescence stability of polyvmer-coated
posos silicon

Aim of this paper is to improve
the photoluminescence stability of
porous silicon samples prepared by
laser-induced etching process throughout
coating the porous silicon surface with a
transparent polymer laver.,

- _The experimental work

Porous silicon was prepared by
laser-induced etching of n-type silicon
with resistivity of 10 Q em. The silicon
wafer was immersed in HF acid of 40%
concentration and  irradiated  with
Nd:YAG laser (wavelength 1.06 pm).
The laser beam was focused by a lens to
produce power density of 20 W/em?, The
experimental set up is shown in Fig. 1.
The porous silicon samples have been
prepared for irradiation time of 60
minutes.

The coating solution is made
when a polymer {polymethyl
methacrylate PMMA) was dissoluted in
a chloroform, then, the polymer solution
has been put at the surface of the freshly
prepared PS and the samples were
subjected to a heat treatment in a furnace

eletrochemical etching. Q. Chen .et al- - of.about. 40 °C for half an hour. The

[24] have prepared porous silicon by
hydrothermal etching of silicon in a
furnace and studied the PL instability.
While, D. Zhu et al [25] have studied
the stability of the iron-passivated of
electrochemically etched porous silicon
and found that a stable PL peak of
energy ~ 1.8 eV could be observed from
those samples. Their samples show only
small changes in mean nanocrystallite
sizes after one year indicating that the
PL  degradation was wvery slow.
Moreover, C. Chen ct al [26] have
reported that when porous silicon
samples prepared by electro chemical
etching passivated by gold (Au-
passivated), strong and stable red
photoluminescence have been observed
after three months.

26

polymer layer thickness was nearly 200
wm and this layer was transparent to the
visible light emitted from the PS layer,
The treated samples were investigated
under optical microscope. We have
observed that the polymer layer has
covered the PS surface and filled the
pores of the porous structure as shown in
Fig. 2.

3. Results and discussion

The PL degradation with a blue
shift of the peak position subsequent to
the normal preparation of the porous
silicon is believed to originate from the
chemical instability of the porous silicon
surface [1].

We have studied the PL
degradation of our freshly prepared PS
samples ‘when those samples are stored
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in the air. Fig. 3 shows the PL spectra of
the freshly prepared PS sample as a
function of number of days of exposure
to air. Fig. 3 (a) shows the spectrum of
peak position at 1.9 eV with a full width
at half maximum (FWHM) of 300 meV,
After the sample was exposed to

atmosphere for 40 days, the speetrum=——

shown in Fig. 3 (b) indicates the PL peak
position at 1.95 eV with a smaller
(FWHM) of about 240 meV.
Furthermore, with an increase in the
number of days for exposure in air, the
PL peak position monotonically shifts
toward higher energies and the (FWHM)
becomes smaller as shown in Fig. 3 (c)
and (d). After exposing the sample in air
for 120 days, the PL peak almost
disappears as shown in Fig. 3 (e).

We have examined the PL
emission of the polymer-coated porous
samples and we found that although
there was a slight decreasing in the PL
intensity due to the weak light
absorption within the polymer layer, The
PL degradation can be stopped by this

technique since there is no variation for

more than five months after preparing
the samples.

We have recorded the PL spectra
with an excitation energy of 2.41 eV
(wavelength of 514.5 nm for an argon-
ion laser). The laser light of this photon
energy has a wvery small depth of
penetration in the porous structure (0.2
um) [28] and this helps to study the
effect of the polymer layer on the PS
surface since the polymer layer is
transparent to visible light. Figure 4
shows the PL of the polymer treated
porous samples. The freshly prepared PS
samples PS is given in the curve (a),
while (b),(c),{(d) and (e) represent the PL
emission of the fresh polymer treated
sample and after 40, 70 and 120 days,
respectively, The PL intensity is almost

the same for the polymer treated sample

when this sample stored in  the

Photoluminescence sbility of polymer-coated
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atmosphere for more than four months
and that indicates that there is no
degradation where the polymer layer
prevents the oxide layer formation.
Moreover, in contrast with untreated
porous silicon, no blue shift in the PL
peak position has been observed for the
polymmer toatéd " PS sample and that
means the Si nanocrystallite size have
not affected by the polymer layer and no
oxide layer was formed at the PS
surface. Figure 5 shows the relation
between the experimentally observed PL
peak position as a function with the
aging time. This technique provides a
clear evidence 1o the origin of the PL in
silicon nanocrystallites and supports the
quantum confinement model. Otherwise,
we would not pet any
photoluminescence after the polymer
coating if the origin of the PL was the
chemical compounds,

The quantum confinement model
[29] has been wused to fit our
experimental PL spectra to estimate the
silicon nanocrystallite size. Table-I gives

_values the mean-nanocrystallite size (L)
and the experimentally observed PL

peak position and FWHM for the freshly
prepared and the polymer-coated PS
samples. The wvalue of (L,) decrcases
with the exposure time which indicates
the nanorystallite size reduction due to
the oxide layer formation, while this
value remains almost the constant when
the PS sample coated with polymer.

4. Conclusions

It has been found that
atmospheric storage of freshly prepared
porous silicon does alter the PL behavior
and it changes the PL peak position from
1.9 to 2.2 eV, while the PL intensity
reduces drastically. Polymer coating of
porous silicon could effectively stop the
PL degradation. Stable
photoluminescence without blue shifl
toward higher enerpies has heen
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observed for these samples. This study
nrovides further evidence to support the
quaniwm confinement model and it is
clearly implies that the luminescent
process does not relate to the surface
complexes and arises from the silicon
nasorystallites. This technique implies

that the structure of the polymers... -

deposited PS is more resistant to the
external environment and the oxide layer
tormation.

References

(1] RT. Collins, PM. Fauchet and
M.A. Tisler. Physics today, January
(1997) 24.

[2] L.T. Canham, Appl. Phys. Lett., 57
(1990) 1046.

{3] A.G. Cullis, L.T. Canham and P.D.
Calcott, 1. Appl. Phys, 82 (1997)
909,

[4] A.S. Havovoitov & 8. Bayliss,
Appl. Phys, Lett., 62 (1998) 1284,

51 €. Delerue, G. Allan and M.
Lannoo, Phys. Rev. B, 48 (1993)
11024,

i1 T. Suemoto, K. Tanaka, A.

Nakajima and T. Hukura, Phys. Rev, =

Lett., 70 (1993) 3659.

[7] H. Yorikawa and S. Muramatsu,
Appl, Phys. Lett., 71 (1997) 644.

(8] 1, Xia and K.W. Cheah, Phys. Rev.
B, 55 (1997) 15688.

(9] Z.Ch. Feng and R. Tsu *Porous
silicon”, World scientifie, Singapore
{(1994),

[10] V. Lehnmann and U. Gosele, Appl.
Phys. Lett, 58 (1991) 856.

{L1] N. runetto and G. Amato, Thin
Solid Films, 297 (1997) 122.

[12] N. Noguchi and [ Suemune, I
Appl. Phys. 75 (1994) 4765.

(13] K.W. Cheah and H.C. Chog, Solid
State Commun. 91 (1994) 795,

[14] C.H. hog and K.W. Cheah, Appl.

Phys. A., D6l (1995) 45,

Photolumineseence stebility of polymer-coated
parous silicon

(15] L. Koker and K.W. Kolasinski, J.
Appl. Phys., 86 (1999) 1800.

(6] B.G. Rasheced, H.S. Mavi, AK.
Shukla, 5.C. Abbhi and K.P. Jain.
Mat. Sci.& En. B, 97 (2001) 71.

[17}] L. Koker and K.W. Kolasinski.
Mat. Sci. & Eng. B. 69 (2000) 132.

8] Ko oy 5..0hyama, Y. Uehara and

S. Ushioda, Appl. Phys. Lett,, 67
(1995) 2536,

[19] JM. Rehm, G.L. Mclendon, L.
Tsybeskov and P.M. Fauchet,
Appl. Phys. Letl., 66 (1993) 3669,

[20] Q.W. Chen, J. Zhu, X.G. Li, C.G.
Fan and Y.H. Zhen, Phy. Lett. A,
220 (1996) 293,

[(21] M.V, Wolkin, J. Jorne, P.M.
Fauchet, G.A. Allan and C.
Delerue, Phys. Rev. Left, 82
(1999} 197,

[22] J. Oswald, J. Mares, 1. Kristtofik
and R, Sedlacik, Thin Solid Films,
276 (1996) 268.

[23] Y.H. Zhang, X. Li, L. Zheng and
Q. Chen, Phys. Rev. Lett. B8I
(19983 1710.

[24] Q.W, Chen, D.L. Zhu and Y.H.

—==+=Zhanig;- Appl.- Phys. Lett.. 77

(2000) 854.

[25] D. Zhu, L. Zheng, X. Li and Y.H.
Zhang, Appl. Phys., 86 (1999) 692,

[26] C.H. Chen and Y.F. Chen, Appl
Phys. Lett., 75 (1999) 2560.

[27] X.J. Li and Y.H. Zhang, Phys.
Rev. B, 61 (2000) 12605.

[28] D.E. Aspens and A.A. Studra,
Phys. Rev. B, 27 (1983) 985.

[29] H.S. Mavi, B.G. Rasheed, A.K.
Shukla, S.C. Abbi and K.P, Jain, J.
Phys D: Appl. Phys., 34 (2001)
292,

Table caption

Table-1: The experimentally oserved PL
peak position and FWHM of PL for the
polymer coated porous silicon with the
theoretically calculated mean
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nanocrystallite size using the quantum
confinement model.

Figure captions

Figure 1: The experimental set up of the
laser-induced etching process.

Figure 2:Micrograph of the optical

microscope for the polymer coated

porous silicon.
Figure 3:The PL spectra of porous
silicon prepared by laser-induced etching
and stored in atmosphere as a function of
the aging time.

Photoluminescence stability of polymer-coated
porous silicon

Figure 4: The PL emission of the laser
etched silicon sample recorded with the
pheton energy of 2.71 ¢V, (a) PL of the
freshly prepared PS sample and (b} PL
of the fresh polymer treated PS sample
and (c), (d) and (e) after 40, 70, and 120
days, respectively. The dotted curves

~“erépresent” the experimentally observed

data while solid lines represent the
fitting curves wusing a  quantum
confinement model.
Figure 5: The relation between the PL
peak position with aging time for PS and
polymer coated PS,

Table-1
o PL peak position FWHM L

Sample Aging time (day) ; (mef':’} (meV) [f]

Fresh 1.90 300 25.2

! 40 1.95 240 24.4

| 70 2.00 220 238

90 2,10 200 228
120 2.20 180 214 |

Polymer coated PS Fresh 1.90 oo 21.2

40 1.52 | 290 21.0

- -7 ks P o | 290 21.0
| 120 1.92 | 290 21.0 |
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