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The composite films of the nanocrystalline GaAs;_,Sb;—SiO2 have been successfully deposited on glass and GaSb

substrates by radio frequency magnetron co-sputtering. The 10K photoluminescence (PL) properties of the nanocrys-

talline GaAsj_,Sb, indicated that the PL peaks of the GaAs;_,Sb, nanocrystals follow the quantum confinement

model very closely. Optical transmittance spectra showed that there is a large blue shift of optical absorption edge in

nanocrystalline GaAs;_Sb;—SiO2 composite films, as compared with that of the corresponding bulk semiconductor,

which is due to the quantum confinement effect.
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1. Introduction

The unique properties of nanocrystals and quan-
tum dots have led to investigations of many techniques
that can be used to synthesize these materials. Fab-
rication methods span a wide range including such
techniques as the growth in sol-gel, chemical vapour
deposition, laser ablation, and the growth by molec-
ular beam epitaxy to form self-assembled quantum
dots.

cating nanocrystals and quantum dots involves mag-

One of the most versatile methods for fabri-

netron co-sputtering. So far, many works have been
reported for various glasses doped with semiconduc-
tor nanoparticles such as GaSb,[! =% GaAs,’ InAs,[67]
CdSTe,[S} InGaAs® and GaN,_As;_,.[1% The ternary
III-V compound GaAs;_,Sb, epilayer has been shown
to be a potentially important material for a wide
range of opto-electronic device applications, includ-
ing lasers!*=13] and light-emitting diodes*1® and
detectors in the 1.3-1.6um region desirable for fi-
bre optical communication application. Although ex-
tensive work has been done on bulk GaAs;_,Sb,

alloys,[16=18 much less work has been reported on

the growth and optical properties of nanocrystalline
GaAsSb thin films.

tion of nanocrystalline GaAs;_,Sb,—SiOs composite

The growth and characteriza-

films have been reported elsewhere.['? In this pa-
per we study the photoluminescence and transmission
spectra of the GaAs; _;Sb,—SiOs composite films with
the GaAs; ,Sb, grains being of nanocrystal sizes,
which are successfully deposited on glass and GaSb
substrates by radio frequency (RF) magnetron co-

sputtering.
2.Experimental procedure

A silica glassy plate of 60mm in diameter, to-
gether with several chips of polycrystalline GaSb and
GaAs attached, was used as a target. In this work
the effective sputtered area ratio of the semiconduc-
tor chips to silica plate was fixed at 23.1%. When the
chamber was evacuated to a pressure of 2.7x1073Pa,
high purity (99.9999 %) argon gas was introduced.
During sputtering, the chamber pressure was main-
tained at 2Pa and the output voltage to RF sput-

ter gun was 1000V. Then the films were grown in
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situ at temperatures between 300°C and 650°C for 3h
and formed various sizes of nanoparticles. The films
were then characterized™® by using x-ray diffraction
(XRD), x-ray photoelectron spectroscopy (XPS) and
Raman scattering spectra.

Photoluminescence (PL) spectra were carried out
using a Jobin-Yvon HRD-I double grating monochro-
mator with a microscope and detected by an APD
CSW-202A cooled GaAs photomultiplier operating in
photon counting mode. The step was 0.5nm and the
count time of the detector ranged from 0.5 to 1s. A
He-Cd laser operating at 325.0nm was used as the ex-
citation source with excitation level of 250W /cm?. A
resolution of 0.5nm was used in our measurements.
All PL spectra were recorded at 10K by attaching the
sample in the cold finger of an APD refrigeration sys-
tem. The measured spectra have been corrected ac-

cording to the system response.
3.Results and discussion

The spectral position of the 10K excitonic pho-
toluminescence peaks of GaAsg 57Sbg.43 nanoparticles

depends on the nanocrystal size as shown in Fig.1.
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Fig.1.
GaAsg.57Sbg.43 —SiO2 composite films versus the

10K photoluminescence of nanocrystalline

mean size of GaAsg.575bg.43 nanocrystals (a) 4.8 nm,
(b) 4.1 nm, (c) 3.8nm.

The large blue shift of this band suggests that the
band correspond to the electron hole pair recombina-
tion with at least one carrier being deeply localized.
One can see three blue peaks in the PL which depend
on the size of GaAsg 57Sbg 43 nanocrystals. Figure
1(a) shows the 10K excitonic photoluminescence of
nanocrystalline GaAsg 575bg.43—SiO5 composite film
grown at 673K for 3h. The size of GaAsg57Sbg.43

nanocrystals is about 4.8nm. Three PL peaks at

447.7, 492.5 and 536.6nm come in sight. Figures 1(b)
and (c) show the 10K excitonic photoluminescence of
nanocrystalline GaAsg.575bg.43—Si0O5 composite film
grown at 623 and 573K for 3h, respectively. The sizes
of these GaAsg.57Sbg.43 nanoparticles are about 4.1
and 3.8nm, respectively. One can see three PL peaks
(435.2, 487.0, and 536.6nm) in Fig.1 (b) and three PL
peaks (430.4, 484.0 and 536.6nm) in Fig.1(c).

GaSb has a band gap of 0.72 eV at room tem-
perature and is a direct band gap material. At low
temperatures, GaSb bulk has two main PL peaks at
the positions of 1.5938um (0.778 eV) and 1.5576 pm
(0.796eV).[2°] The observed PL peaks of bulk GaSh
are the conduction to valence band transition and the
free excitons to neutral acceptor excitons transition, as
shown in Fig.2. Apart from these two PL peaks, there

is much weak radiative transition across the band gap.

E.

Ey

Fig.2. The principle figure of electron-hole pair re-
combination across the band gaps. E. — Ey is the
band to band transition, and E. — A is the free exci-

tons to neutral acceptor excitons transition.

According to the virtual-crystal approximation
(VCA),2Y the direct band gap Er of the solid so-
lution GaAs;_,Sb, is defined by the following linear

combination:
Er = xEgasy + (1 - w)EGaAa (1)

where Eg.sp, is the band gap of bulk GaSb, and Egaas
is the band gap of bulk GaAs. So we can estimate that
the direct band gap Er of the bulk GaAsg 575bg 43 has
a band gap of 1.12 eV at room temperature, which is in
good agreement with that reported in Ref.[22]. Thus,
there are larger blue shifts of optical absorption edge
of the nanocrystalline GaAsg.57Sbg.43—S103 composite
films than that of bulk GaAsgs7Sbg.43 semiconduc-
tor. This blue-shift behaviour of the absorption edge
originates essentially from the quantum confinement
effect.23:24] Brus(?3] pointed out that if the Bohr ra-

dius ap of the exciton in the bulk material is much
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larger than that of the nanoparticles, then the quan-
tum confinement is obvious, in which the confinement
energy dominates over the Coulomb interactions. Ac-
cording to the effective mass model, Bohr radius ap

has been taken as
ap = 4megeh? /4m? pe?, (2)

where ¢ is the vacuum dielectric constant, & the
relative dielectric constant, h the Planck constant,
p the reduced mass of an electron-hole pair, and e
Obviously, the PL peaks of
GaAs) 57Sbg 43 nanocrystals have larger blue shifts

than that of GaAsg 57Sbg 43 bulk from the data men-
4125,26]

the electronic charge.

tioned above. One usually uses Varshni formul
to describe the variation of semiconductor band gap

with temperature at low temperatures.
Ey(T) = Eg(0) — AT*/(T + B). (3)

For bulk GaAsg 57Sbg.43, the band gap as a function

of temperature can be described as follows:
E,(T)=1.215-33 x 10 *T%/(T — 14.9).  (4)

So we estimate the band gap E, (10K)=1.222eV
by using Eq.(4) for bulk GaAsg 57Sbg.43.

The radius of Bohr exciton is estimated as about
15.9nm for GaAsg 57Sbg 43 bulk from formula (2), and
the size of the GaAsg57Sbg.43 semiconductor crystal-
lite ranges from 4 to 6nm. Therefore, the strong
quantum confinement leads to a blue-shifted PL peak.
From the effective mass approximation, for a spherical
nanoparticle of diameter d, the variation of band gap
of semiconductor nanoparticles corresponding to the

bulk case is expressed as

AE, =F — E, =~ h*1%/2d*u — 1.8¢* /2meeod

+ smaller terms, (5)

where p is a reduced mass of an electron-hole pair,
€o and e are the dielectric constants of vacuum and
the semiconductor respectively, h is Planck’s constant,
and e is electronic charge. From Egs.(3), (4) and (5),
the band gap energy shifts of PL peaks as functions
of the size of nanocrystals are shown in Fig.3. These
show that the experimental data are basically in agree-

ment with the quantum confinement theory.
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Fig.3. The band gap energy shift of PL peak versus

the size of nanocrystals.
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Fig.4. 10K photoluminescence of nanocrystalline

GaAsj_4Sb;—SiO2 composite films.

10K

nanocrystalline GaAs;_,Sb,—SiO2 composite films,

Figure 4 shows photoluminescence of
where Fig.4(a) shows the 10K excitonic photolumines-
cence of nanocrystalline GaSb—SiOs composite films
grown on the GaSb substrate. There are three PL
peaks at the positions of 444.7, 495.5, and 533.6 nm.
Figures 4(b), (¢), and (d) show the 10K excitonic
photoluminescence of nanocrystalline GaAs; ,Sb,—
SiO5 composite films grown on the GaSb substrate
for =0.70, 0.57, O, respectively. We can also see three
PL peaks at the positions of (444.8, 495.5, 536.6nm),
(438.5, 492.5, 536.6nm), and (428.8, 489.0, 536.6nm)
for Fig. 4(b), (¢), and (d) respectively. The two films
were grown at the same condition (673K, 3h) and the
sizes of GaSb nanocrystals in the films are about 4.9
nm. These results can be explained by quantum con-
finement effect mentioned above.

The optical transmittance spectra of nanocrys-

talline GaAs;_,Sb,—SiO5 composite films are shown
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in Figs.5 (a), (b), (¢) and (d) for x=0.26, 0.49, 0.57,
and 0.67, respectively.
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Fig.5. Optical transmittance spectra of nanocrys-

talline GaAsj_zSb;—SiO2 composite films (a) z=1,
(b) #=0.70, (c) z=0.57, (d) z=0.

We can obviously see a red shift of the absorp-

tion edge with increasing content of Sb. The lines of
absorption edge for £=0.26, 0.49, 0.57, and 0.67 are
334.0, 435.6, 561.0, and 852.8nm, respectively. In ad-
dition, one can notice that as expected the absorption
edge of nanocrystalline GaAs; ,Sb,—SiO5 composite
films is blue shifted if the Sb content decreases.

4. Conclusion

In summary, we have investigated the nanocrys-
talline GaAs; ,Sb,—SiOs composite films grown by
radio frequency magnetron co-sputtering. We have
observed the 10K optical transition from PL spectra
in GaAs;_,Sb, nanocrystals as their sizes change. It
is shown that the PL peaks have large blue shifts com-
pared with that of corresponding GaAs;_,Sb, bulk
semiconductor, which originates from the quantum
confinement effect. Optical transmission data exhibit
a large blue shift with respect to that of the bulk semi-
conductor due to the strong quantum confinement ef-
fect.
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