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Area-selective formation of Si nanocrystals by assisted ion-beam
irradiation during dual-ion-beam deposition
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We investigate the effect of Ar-ion-beam irradiation during the deposition of, $il®s by
dual-ion-beam deposition system. lon-beam irradiation effectively increases the oxygen cgntent,

in SiQ, films indicative of the preferential sputtering of Si phase as compared topBigse in SiQ

films. We observe the intense photoluminescence from nonirradiated sample after postdeposition
annealing at 1100°C indicating the formation of Si nanocrystals as shown by a cross-sectional
transmission electron microscope. However, the increased oxygen content in ion-beam-irradiated
sample results in small optical volume of small Si nanocrystals not sufficient for yielding
appreciable photoluminescence intensity after postdeposition annealing. The property is utilized for
achieving the area-selective formation of Si nanocrytals by inserting a shadow mask in assist ion
beam during deposition. @004 American Institute of Physid®DOl: 10.1063/1.17858G4

Since the first discovery of the light emission from po- substrate during deposition. Sid@ilms were deposited for
rous silicon® the interest toward Si-based optoelectronics ha2—4 h on 3 inp-type (100) Si wafer(resistivity ~10 Q cm)
rapidly increased. Due to the better compatibility with stan-after standard cleaning sequence to remove organic and in-
dard ultralarge-scale integrated circ(ilLSI) processes, Si organic surface contaminants.
nanocrystals in a dielectric matrix have gained much interest. Deposited SiQ films were subsequently annealed at
The standard approach for the formation of Si nanocrystals i$100°C for 2 h in an N ambient. They were further an-
the utilization of the prolonged annealing of SIQx<2) nealed at 450°C for 3 h in a forming gés, 90%, H, 10%)
films at temperatures higher than 900°C. During annealingfor H, passivation. Photoluminescen@el) was excited by
phase separation and precipitation take place owing to th#88 nm Ar-ion laser(30 mW and~1 mm beam diametgr
energetic stability of Si and SiOphases. The various at- PL was dispersed by a 0.5 m monochrom¢®sngwoo op-
tempts for the growth of SiQ films include ion tron DM500. The PL signal was detected by a photomulti-
implantation’? chemical vapor depositioh? reactive plier tube(Hamamatsu R928The observed PL spectra were
evaporatior, cosputtering, ion-beam sputtering, etc.  corrected using a tungsten—halogen lamp. All measurements
SiO, (x~ 1) films yield highly luminescent nanocrystals with Were done at room temperature. The cross-sectional trans-
large density regardless of growth methods. The previoughission electron microscopd@EM) image was observed by
methods are not area selective and thereby nanocrystals a#ging @ JEOL JEM-2010 equipment through a standard
precipitated in whole deposited area. However, the area?réparation technique. The bonding configurations in oxide
selective technique in forming Si nanocrystals may offer gnatrix were measured by Fourier transform infrared spec-
processing advantage in future ULSI processes. In this lette0SCOPY[(FTIR) Biorad Excalibur FTS-3000According to
we report the area-selective formation technique of Si nanoPaiet al,”” Si—O—Si stretching vibration frequency shifts
crystals by using ion-beam irradiation during dual-ion-beaniinearly with the oxygen conten, provided that the film is
deposition(DIBD). homoggnequs. Therefore, the position c_)f the—@l—_&

Sio, films were deposited by employing a DIBD system. stretching V|brat|o.n frgqugncy was used in determining the
A DIBD system consists of two Kaufman-type broad-beam0Xygen content, in SiQ, film.
ion sources. Ultrapure Ar gas was used for source gas for
ion-beam generation. Primary ion source of 2.5 cm diameter
with the incident angle of 65° served as a sputtering ion

source as illustrated in Fig. 1. P-tyg&00) silicon wafer SiTarget -
(resistivity ~10 Q) cm) was used as a sputtering target. The / °
beam energy and beam current of the primary ion source //.Si

77777
Si substrate

were 750 eV and 7 mA, respectively. An assisted-ion source /?// .
of 6 cm diameter with the incident angle of 37° was used.

FIG. 1. Schematic illustration of dual-ion-beam deposition with a grounded
¥Electronic mail: yongkim@daunet.donga.ac.kr shadow mask.

assist ion source

The beam current of the assisted-ion source was 10 mA and / °
beam energy was variable paramei{@-200 eV. 10%
Ar-diluted O, gas was introduced into the deposition cham-
ber for a reactive deposition. The operating pressure was
kept at 6< 1074 Torr while the partial pressure of @as was
variable parameter. No intentional heating was applied on

y

primary ion source
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FIG. 2. PL spectra of SiQfilms with various oxygen contenx, after the T . . . .
high-temperature Nannealing and additional forming gas annealing. The FIG. 3. Infrared spectra of Sidilms irradiated with assisted ions of various

~ ; ; 5 . -
et shows e cros-seconal TEM mage of SIm conianng nano 154 120 Sl st e Lo® T e (b,
rystals. White boundaries in the inset are a guide for the eyes. ' P Y-

Si—O—Si stretching vibration with assisted-ion-beam energy. The inset
shows the variation of as a function of assisted-ion-beam energy.

First, we grew several SiCfilms (0.56<x<1.6) with
various oxygen contents by adjusting the @rtial pressure ing both models accounts for the true microstructure of,SiO
from 0.6X10°Torr to 1.6x10°Torr. In this case, film. The tendency observed in Fig. 1 is explained in terms
assisted-ion source was not activated. The oxygen conteff the preferential sputtering of the Si phase due to the higher
was linearly proportional to the partial pressure of introducecdsputtering yield as compared to the $ighase when consid-
oxygen. Therefore, the DIBD technique is quite reliable in€fing RMM as the microstructure of SjGilm. The other
preparing SiQ films with a desired oxygen content. After Possibility is due to the enhancement of the surface process
postdeposition annealing, we observe PL emissions fowhich increases the rate of oxygen incorporation. However,
samples in the compositional window of &k<1.4 as We observe a significant reduction in film thickness with
shown in Fig. 2. The size of Si crystallites critically dependsassisted-ion-beam irradiation. The model of the preferential
on the oxygen content in the film and exceeds the size ofputtering would be more plausible. Argon sputtering can
nanocrystal for having an appreciable quantum confinemeriptroduce both bulk and surface atomic displacements. How-
effect for the films withx<1.1. On the other hand, the small €ver, the bulk atomic displacement should be removed with
optical volume of nanocrystals for the films wig>1.4 is  annealing at 1100° ¢’
not sufficient for yielding reasonable PL intensity. As is ob- ~ Because of the narrow compositional window of 1.1
served in Fig. 2, PL shows a blueshiftaincreases. This is <x=1.4 for having an appreciable PL, the films grown un-
due to the stronger quantum confinement effect as the size €r ion irradiation will not show any appreciable PL. This is
Si nanocrysta|s decreases. The inset shows the Crosgonfirmed in Flg 4. SIQf”mS under ion-beam irradiation
sectional TEM image of typical nanocrystals5 nm diam-  show only a weak PL band at around 550 nm presumably
eter) found in SiQ layer withx=1.26, and supports the fact due to matrix defects similar to the report by Minal*® The
that observed PL is attributable to Si nanocrystals in thecontrollability of x in SiO; films by assisted-ion-beam irra-
films. diation can be utilized for area-selective formation of Si

The assisted-ion beam has been utilized to significantiypanocrystals. As illustrated in Fig. 1, a shadow mask is in-
enhance and control the properties of the film. The effect oferted in the assisted-ion beam. The mask is grounded to
assisted-ion-beam irradiation is the densification of film andPrevent a charging effect. Otherwise, assisted ions would not
the reduction of film stress. Assisted ions preferentially sputf€ach the sample surface due to Coulomb repulsion. A pre-
ter deposits and contaminants usually with low bondingliminary experiment employs a mask having three rectangu-
energy™" However, in this study, assisted ions are used forar holes and an ion beam with 200 eV ion energy is directed
the modification of SiQ properties.

Figure 3 shows the FTIR spectra for deposited ,SiO
films with an Q, partial pressure of 14 10°° Torr by vary- [
ing the beam energy of an assisted-ion source. The IR band
found at around 1050-1080 is attributed to the-SD—Si
stretching vibration. The S-O—Si stretching vibration
frequency gradually shifts as the ion-beam energy increases.
The inset of Fig. 3 shows determined from Pai’s relatich
as a function of assisted-ion-beam energy. The inset also
shows the superlinear increase »ofvith ion-beam energy,
and the film grown under 200 eV ion-beam irradiation is
almost close to the stoichiometric Si@m. The microstruc-
ture of SiQ films has 1t2>een discussed either by the ralr;dom 500 500 700 200 200
mixture model(RMM)~ or randg)m bond mode(I_RBM). Wavelength (nm)

As discussed by Lombardet al.” from the detailed x-ray

photoelectron spectroscopy study, a combined model reflect+IG. 4. PL spectra of SiQfilms with and without ion-beam irradiation.
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dispersive x-ray spectrum measurements for the contamina-
tion from mask materiglSUS 304 UHV-accessible stainless
stee). No significant differences between irradiated and non-
irradiated regions have found.

To conclude, we have demonstrated the area-selective
formation of Si nanocrytals by inserting a shadow mask in
the beam from an assisted-ion source during DIBD. lon-
beam irradiation results in the increase of the oxygen content
in SiQ, films due to the preferential sputtering of Si. By
suitable control of the oxygen content, area-selective forma-
tion of Si nanocrystals is realized after postdeposition an-
nealing. Though preliminary results show a spread of ion
beam and distortion of the exposed pattern, the technique
developed here may offer a process advantage during ULSI

FIG. 5. PL spectra recorded from the different parts of 3 in. sample growrprocessed when optimized.

with a shadow mask. Opartial pressure was 1:4107° Torr during depo-

sition. The photograph shown in the inset is the photograph of 3 in. sample ~ This work was supported by Grant No. R05-2002-
after the deposition(a) and (c) are nonirradiated and irradiated regions, 000065-0 from the Basic Research Program of the Korea
respectively(b) is the transition region betwedn) and(c). Science and Engineering Foundation.
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