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Self-assembled growth and enhanced blue emission of SiO xN,~-capped
silicon nanowire arrays
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Unique structured Si(,-capped Si nanowire arrays were fabricated via electroless metal
deposition ona-SiONy-covered Si wafer in ionic silver HF solution through selective chemical
etching. A self-assembled localized microscopic electrochemical cell model and a diffusion-limited
aggregation process are associated with the formation of théNGi€apped Si nanowire arrays. An
enhanced blue photoluminescence band has been recorded. Emission and excitation spectral
analyses suggest that generation of photoexcited carriers takes place mainly in the quantum confined
Si nanowires, whereas their radiative recombination occurs in the Si-N binding states,hf, SiO
nanocaps. €005 American Institute of PhysidDOI: 10.1063/1.1929069

Currently Si nanowire$SiNWSs) have attracted consid- a-SION, thin films were deposited op-type, B-doped
erable attention due to their potential applications in inter-Si (100 (1-5 Q) cm) wafers using plasma immersion ion
connection and basic components for future nanoelectronienplantation and depositioiiPIll&D ). The details of the
and especially optoelectronic devicgsBased on the vapor- PIII&D system have been reported elsewh&r& A Si rod
liquid-solid growth mechanism,various techniques have was ignited as an arc source by a high pulsed voltage to
been developed to fabricate the SiNY¥W§However, these, produce Si plasma. During the deposition, a mixture of ni-
often complicated, routes typically yield disordered entangletrogen (15 sccm and oxygen(3 sccm) was bled into the
ments of nanowires, a fact which hampers their experimentathamber to maintain a working pressure of .00 Torr.
characterization and potential applications. The fabricationThe applied voltage was-200 V dc. The deposition time
of an ordered Si nanowire array, therefore, constitutes awas 90 min. After the deposition, one set of samples were
important and challenging issue. Recently, we have reporteéitched in a 5.0 mol/L HF solution containing 0.02 mol/L
the ultraviolet(UV) emitting property of Ag-capped SiNWs silver nitrate at 50° C for 10 min, followed by ultrasound
which can be expected to have favorable applications in optreatment in a water bath for 1 min to clean the surface. The
toelectronics such as nanowire UV photodeteffhe UV container was a conventional Teflon-lined stainless-steel ves-
photoluminescencéPL) is considered to be due to an optical sel. The Si wafers were then rinsed with deionized water and
transition in the vacancy defect centers in silver nanocaps oblown dry in air. The morphology and chemical composition
the SINWSs. It is in no way related to SiINWSs, since highly of the samples were examined with a FEG JSM 6335 field-
efficient photoexcited carriers produced by the quantum conémission scanning electron microscof®EM) and a PHI
finement on the SiNWs cannot be transferred to the defed?600 x-ray photoelectron spectrome{&PS) with mono-
states of Ag nanocapsnetal and semiconductor have com- chromatic AlKe source at 14 kV and 350 W. The photoelec-
pletely different energy gap structuy€s® In order to attain  tron take-off angle was 45°. PL and PL excitatioRLE)
efficient carrier transfer and at the same time obtain visibléneasurements were carried out on a Perkin—Elmer LS50B
emission, a promising technique is to assemble visible lightfluorescence spectrophotometer. All of the measurements
emitting semiconductor nanomaterials at the tips ofwere taken at room temperature.

SiNWs 12 reminiscent of nanobeacons, which will be use- ~ Figure Xa is a cross-sectional SEM image of
ful in future nanodevices. However, the relevant work hase-SiONy thin film on the Si wafer fabricated using PII&D.
not been reported so far. The thickness of Si(N, layer is approximately 150 nm. A

In this letter, we present a relatively rapid method oflarge-area Si¢Ny-capped Si nanowire array could be ob-
fabricating SiQN,-capped SiNW arrays of enhanced blue served on the surface layer of the Si wafer, which is shown in
emission via electroless metal deposition on a plasma-treatddds. Xb) and Xc). Figure 1b) is the cross-sectional SEM
Si wafer in ionic silver HF solution through selective etch- image of an oriented SiNW array prepared in a mixed HF—
ing. Electroless metal deposition is a simple and inexpensivégNO; solution for 10 min and followed by ultrasound treat-

fabrication technique and has been widely used in microelegnent in a water bath for 1 min to clean the surface. We can
tronics and in the metal coating industry-* see that the SINWs are nearly perfectly perpendicular to the

surface of the Si wafer and have a uniform distribution. The

Aauthor 1o wh p hould be addressed: electroni etched depth(i.e., the lengths of Si nanowiresf the Si
hILJxIv(;l:@Onj\llJve(zirS resbondence shotld he adcressed, electionic malyafer is approximately @m. The diameters of nanowires

PAlso affiliated with: College of Materials Science and Engineering, South-8/€ in the range of 30_2Q0 nm. In Figcl one can see tiny
west Jiaotong University. silver nanoclusters still attached on the tips of

0003-6951/2005/86(19)/193111/3/$22.50 86, 193111-1 © 2005 American Institute of Physics


http://dx.doi.org/10.1063/1.1929069

193111-2 Qiu et al. Appl. Phys. Lett. 86, 193111 (2005)

[ ]
PIII-D tASH HF  ——
g Deposition
Si wafer ® Ag
Ag dendrites l
= = = = Detachment m [ ]

FIG. 3. Schematic illustration of the growth process of the,SiEcapped
Si nanowire array.

FIG. 1. SEM images ofa) a-SiON, thin film on the Si wafer(b) oriented Cathoqes are successfully presgr[,iéig_ 1(c)], while th? sur-

SION,-capped SiNWs, antt) large-area SigN,-capped SiNWs with tiny  rounding SiQN,-covered Si acting as the anodes is etched

silver nanocrystals attached on the tops. away. The presence of these nanoscale electrolytic cells thus
leads to selective etching of the §KQ-covered Si substrate.

SiON,-capped SiNWs. Figure 2 shows the XPS spectra of\s a result, the Sig\y-capped SINW array is formed.
the etched Si wafer with Si2 N 1s, and O & signals. Three The PL spectrum of the--SiQN, thin film on the Si
strong XPS signals display direct evidence of the existencwafer, taken under excitation with the 360 nm line of a Xe
of SiQ,N, caps on the SINWY At a depth of around 10 nm, lamp, is presented in Fig(@. It can be seen that a broad PL
the approximate N and O content is 25% and 30%, respeg@eak appears at 520 nm. In addition, the weak existence of a
tively. blue PL shoulder is evident at440 nm(2.8 eV). The PLE

The formation of the SigN,-capped Si nanowire arrays spectra of the 520 nm PL, taken by monitoring at 500, 520,
can be understood on the basis of self-assembled localizethd 540 nm, are shown in Fig(l}. One can see that with
microscopic electrochemical cell model and diffusion-increasing the monitored emission wavelength, the PLE band
limited aggregation proces&™ Figure 3 gives a schematic widens and redshifts. In view of the PLE character, we can
diagram of their formation process. At the initial stage, attribute the 520 nm PL to optical transition in the tail states
SiON,-covered Si etching and silver deposition occur simul-of «-SiQN, film.*?* Noma et al?® have experimentally
taneously at the wafer surface. The deposited silver atomsyggested that the 440 nm PL in Si oxynitride has an origin
initially form nuclei and then form nanoclusters, uniformly related to Si—N bonds. Theoretical calculations by Aete
distributed on the surface of the Si)-covered Si wafer. 5|23 pointed out that Si-N bonds can introduce localized
These silver nanoclusters and the Ji(covered Si areas states to Si@structure due to N2lone pair electrons above
surrounding these silver nqclel could, respectlively, actas loghe 0 2 lone pair states at the top of the valence band.
cal cathodes and anodes in the electrochemical redox reagnese |ocalized states are active in hole trapping and trans-
t'?” g.rocesls.t'l'hla'ills tollsay, r]lcjjrgerous r;anometler—smed fgleﬁ'ort. Moreover, the top of the valence band is formed by
standing electrolytic cells could be spontaneously assem ; Qi ; : o i
o 1o Suace f (e waer I o HE souton, U2 o P Saes Sy wi a igh S concenia
other metal nanoclusters, such as Pt, Cu, Fe, etc. which ha\é%SOCiatiOI’] of the 440 nm PL with the recombination of

a strong tendency to coalesce and form a continuous graif)y o and electrons in localized states corresponding to Si—N
film in the process of electroless metal deposition, silver,

nanoclusters deposit on the wafer surface to form dendritesb,onds'
involved in cluster formation by the adhesion of a particle
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FIG. 2. XPS spectra of Si2 N 1s, and O &, taken at the sputtered depth of FIG. 4. (a) and(b) PL and PLE spectra af-SiO,N, thin film. (c) and(d) PL
10 nm of the SiGN,-capped Si nanowire array. and PLE spectra of Sifdl,-capped Si nanowire array.
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