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Abstract

For potential application to quantum mechanical devices, nano-composite thin films, consisting of GaAs

quantum dots dispersed in SiO; glass matrix, were fabricated and studied in terms of structural, chemical, and optical
properties. In order to form crystalline GaAs quantum dots at room temperature, uniformly dispersed in SiO. matrix,

the composite films were made to consist of alternating layers of GaAs and SiO; in the manner of a superlattice using

RF magnetron sputter deposition. Among different film samples, nominal thickness of an individual GaAs layer was

varied with a total GaAs volume fraction fixed. From images of High Resolution Transmission Electron Microscopy
(HRTEM), the formation of GaAs quantum dots on SiO. was shown to depend on GaAs nominal thickness. GaAs de-
posits were crystalline and GaAs compound-like chemically according to HRTEM and XPS analysis, respectively.

From measurement of optical absorbance using a spectrophotometer, absorption edges were determined and compared

among composite films of varying GaAs nominal thicknesses. A progressively larger shift of absorption edge was no-

ticed toward a blue wavelength with decreasing GaAs nominal thickness, i.e. quantum dots size. Band gaps of the com-
posite films were also determined from Tauc plots as well as from PL measurements, displaying a linear decrease with

increasing GaAs nominal thickness.
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Fig. 1. A schematic diagram of composite thin film prepared by
alternate deposition method
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Table 1. Deposition condition of GaAs~SiQO. thin films for TEM.

Sample ID TEM1 TEM2 TEM3 TEM4
RF Power GaAs 10 10 10 10
(W) Si0, 100 100 100 100
Pressure (mTorr) 5 5 5 5
Ar flow rate (sccm) 8 8 8 8
Si0, Nominal thickness (A) 100 100 30 30
GaAs Nominal thickness (A) 6 20 6 20
Si0. Nominal thickness (A) 100 100 30 30
Substrate Carbon coated Cu grid
Table 2. Deposition condition of fixed volume fraction GaAs-SiO, thin films.
Sample ID A B C D
RF Power GaAs 10 10 10 10
(W) SiO; 100 100 100 100
Pressure (mTorr) 5 5 5 5
Ar flow rate (sccm) 8 8 8 8
# of Alternate = GaAs 275 166 110 83
layer SiO, 276 167 111 84
GaAs Nominal thickness (&) 6 10 15 20
SiO, Nominal thickness (A ) 30 50 75 100
GaAs Total thickness (&) 1660 1660 1660 1660
Substrate Si(100), Corning 7980(1t), Slide glass
wlobe w2 Az} 3}k, Si0.= Target Materials INC. &% A®E38 odgir) wiet g0 o 3% 28 A|As}
2] 99.99% 9 wx9 eAE AMEIEE, GaAse 7198 Z S etchingdtH T, Whahe] Zo] Wafo iz o A
CERACH9) 99.99% & &= 2] g} A-43}ic. S Falsly] ¢ Ar o] o2 FHE 2] A7 A
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Fig. 2. HRTEM images of (a) sample ID of TEM], (b) sample ID of TEM2, (c) sample ID of TEM3,
and (d) sample ID of TEM4. Inset shows diffraction pattern.
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Fig. 3. XPS Spectra of pure GaAs with varying etching time:
(a) Ga 2P3/z. and (b) As 2P3/z
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Fig. 4. XPS spectra of GaAs-SiO. composite thin film with
varying etching time: (a) Ga 2Ps, and (b) As 2P
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Fig. 5. Measured and fitted RBS spectra of GaAs-SiO. ccmpos-
ite thin films of sample ID C.
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Table 3. The comparison of GaAs volume fraction controlled by deposition rate to that measured by RBS and total thick-
ness controlled by deposition rate and measured by profiler to that measured by RBS and SE.

GaAs Volume Fraction Total Thickness of Composite
Sample ID (%) Thln Fllms (nm)
Dep. Rate RBS Dep. Rate Profiler RBS SE
A 16.6 11 1000 990 1230 1033.04
B 16.6 10.1 1000 930 1120 973.27
C 16.6 11.8 1000 990 1150 1021.89
D 16.6 119 1000 995 1100 1011.2
0.5 Wavelength (nm)
0.4 1200 1000 800 600 400
16004
8 0.3
< " J
S — 1200
5 0.2 >
) -
o ;
< £ J
0.14 L 800
g
.O — — T — T utJf 400 1
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Fig. 6. Measured absorbance spectra of GaAs-SiO, composite
thin films with different GaAs nominal thickness
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Fig. 7. Plot of (ahv)'/? versus hv of GaAs-Si0O, composite thin
films of sample ID C and its Tauc plot
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Fig. 8. PL spectra of composite thin films at 18 K after comput-
er based data conditioning and Gaussian peaks separated plots
of these spectra.

Table 4. Results of Gaussian peak separation from PL
spectra of GaAs-SiO; composite thin films (E,, E,, Es, and
E. is first, second, third, and fourth peak energy values at
18 K).

El Ez Ea EA
le ID
SampleID| o | vy | V) | (e
A 2.85 3.19
B 2.75 3.28
C 2.29 2.63 291 3.26
D 2.33 2.70 3.6

B2 bulk GaAs el 0.067m,, 0.46m,'® 2|3 13.2'9
& Ahg3te] Adtstalct.
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Table 5. Results of Tauc plot and PL analysis of GaAs-SiO. composite thin films and calculated blue shift of band gap

and radius of GaAs quantum dot.

Results from Tauc plot Results from PL analysis
Sample ID E. Eqos Esux Radius E,; Eaps— Eoux Radius
(eV) (eV) (A) (eV) (eV) (A)
A 2.72 13 214 2.75 133 21.3
B 2.5 1.08 235 2.65 1.23 22.1
C 2.17 0.75 28 2.19 0.77 27.7
D 1.89 0.47 35
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Fig. 9. (a) Changes of E, as a function of GaAs nominal thickness, and {(b) Changes of radius of GaAs
quantum dot as a function of GaAs nominal thickness.
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