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Potentiostatic Preparation of Porous Silicon
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Since electrochemically and chemically etched silicon or
porous silicon was reported to be luminescent!, stupendous
research efforts were driven to understand the origin and
mechanism of the strong visible luminescence and to fabri-
cate possible optoelectronic devices based on porous silicon®=7,
Experimental evidences have shown that quantum confine-
ment effects on band structure of silicon were to cause po-
rous silicon to emit visible light under ultraviolet itlumina-
tion®5, while a recent work described a chemical mechanism
on the visible light emission from porous silicon®. To observe
quantum size effects the characteristic widths of Si skeletons
need to be significantly less than the dimensions of the free
exciton (~50 &) of bulk Si. A suitable etching method is
the one that will enlarge each pore at an extremely slow
but controllable rate and will leave a chemically passivated
surface!. Constant potential methods will be preferred for
the purpose to constant current ones, hecause the former
offer better selectivity, current efficiency and control when
the sufficient experimental conditions are found. All previous
electrochemical procedures of producing porous silicon, how-
ever, involved a constant current or galvanostatic mode, In
this work we describe for the first time that a constant po-
tential or potentiostatic mode is applicable to fashion porous
silicon. In addition the surface of luminescent porous silicon
thus prepared is described to be modified by self-assembed
octadecyl mercaptan.

Luminescent porous silicon samples were prepared by po-
tentiostatically etching #-Si (P-doped, 1.0-2.0 Qicm resistivity,
(100) orientation) in a solution of hydrofluoric acid and etha-
nol (1:1) at 1-3 V versus platinum quasireference electrode
under UV irradiation (Spectronic Co. Model ENF-240C) for
20 min. The samples were dried in the air and transferred
to the chamber of octadecyl mercaptan, which was heated
at 80C for one day to form self-assembled octadecyl mercap-
tan on porous silicon. Electrochemical experiments were per-
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Figure 1. Chronoamperometric curve obtained with steay P-
doped Si (100) immersed in ethanolic solution of hydrofluoric
acid (1:1) under UV illumination at 1.5 V versus platinum qua-

sireference electrode.
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Figure 2. Emission spectra of porous Si prepared potentiostati-
cally (full lines) with (a) and without (b) self-assembled octadecyl
mercaptan and galvanostatically (dotted Line). A.=365 nm.

formed in a two-compartment cell using an EG & G PAR
Versastat interfaced to Discorp 386 personal computer, The
photoluminescence of the porous Si samples was measured
using HITACHI 650-60 Fluorescence Spectrophotometer.

Figure 1 shows a chronoamperometric curve observed with
a steady #-type Si (100) in an ethanolic solution of hydro-
fluoric acid, where the current decay is not a Cottrell type,
indicating that electrochemical oxidation takes place within
the Si wafer. Red luminescence of the porous silicon dried
was visible to the naked eye under unfocused 1 mw blue
excitation in the laboratory. Figure 2 shows the emission spec-
tra of porous silicon with and without surface film of self-
assembled octadecyl mercaptan. The luminescence of sur-
face-protected porous Si was slightly lower in its intensity
but lasted longer (months). A drop of water on the octadecyl
mercaptan-covered porous silicon did not generate any gas,
while the same experiments with porous silicon generate
unidentified gases. A contact angle of water drop on the
protected silicon was larger than the one on the unprotected
one. Thus reactive® or surface-sensitive!® porous silicon sur-
faces appear to be protected by octadecyl mercaptan film.
Shown also in Figure 2 is an emission spectrum of porous
Si prepared galvanostatically at 5 mA/em?® for 30 min and
50 mA/cm? for 25 sec. The spectra are very similar and
the luminescent properties of porous silicon samples appear
to be identical in both cases of the galvanostatic and poten-
tiostatic preparation.

In summary, light-emitting porous silicon was prepared
potentiostically and the protection of the porous surface was
accomplished by self-assembled octadecyl mercaptan. The
potentiostatic procedure of preparing porous Si is expected
to facilitate the investigation of the origin of light production
and the fabrication of optoelectronic devices based on porous
Si. Further studies on porous Si prepared poteniostatically
are in progress in this laboratory.
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The preparation of aluminum nitride (AIN) thin films has
received much attention due to its potential applications in
the electronic and optoelectronic devices.! AIN has the wurt-
zite crystal structure, a large band gap of about 6.2 eV, a
high decomposition temperature (ca. 2400C ), and good che-
mical stability. It is a promising material for electronic subs-
trates such as passivation and dielectric layers, protective
coatings, surface acoustic wave devices, and optical devices.!
Several techniques have been employed for the preparation
of AIN thin films including conventional organometallic che-
mical vapor deposition (OMCVD),? molecular beam epitaxy
(MBE),? and single precursor OMCVD.? The single precursor
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Figure 1. XPS spectrum of Film II deposited at 500C.
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Figure 2, Auger depth profile of Film [l deposited at 500C.

OMCVD has been shown to have a number of important
advantages over the conventional CVD processes.’ Several
groups*® recently reported the preparation of group III-V
semiconductor films using the single precursor OMCVD me-
thod, especially, at low temperatures (£500C) in order to
be compatible with current semiconductor device technology
and to prevent interdiffusion of layers. In this communication
we report the preparation and characterization of AIN thin
films by single precursor OMCVD with two amidoalane di-
mers, [Me,Al(i-NHABu)], (1) and [EtAKu-NHBu); (2).
The single precursors, 17 and 22 were prepared and puri-
fied by sublimation as previously described. Film growth con-
ditions involved the use of a hot-wall CVD apparatus. Silicon
(100) wafers (10X 10 mm? were used as substrates.’® The
base and the steady state pressures of the CVD reactor were
(3-5)X1075 and (1-2)X107¢ Torr, respectively, AIN films
were grown in the temperature range 200-800C with both
precursors. The optimum temperatures for the film growth
with precursors 1 and 2 were found to be 650C (Film [)
and 500C (Film II), respectively.'® Atomic compositions of
the films were determined by X-ray photoelectron spectros-
copy (XPS) and a typical XPS spectrum of the AIN film (Film
I} is shown in Figure 1. The respective Al 25, Al 2p, N
15, C 1s, and O s peaks at 1205, 740, 396.7, 2850, and
531.7 eV" reveal the Films I and II to have comparable
amounts of Al and N with surface contamination of carbon
and oxygen.” Auger depth profile studies were performed
using argon ion sputtering in which the AL N, C, and O



