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Introduction 
The interest in optical communication has been 

increasing in the last years for its high speed, high 

density and low energy consumption. For this pur-

pose, silicon photonics has been considered due to 

integration with current technologies, broad indus-

trial knowledge as well as relative low cost. There-

fore, Si would be the most suitable material but its 

indirect bandgap makes it an ineffective light 

source. One form of making the light-emission 

from Si efficient is by quantum confinement effects, 

which enable direct recombination [1]. Also, the 

confinement allows to adjust the peak energy of the 

emission by altering the thickness of the quantum 

well. Light-emitting devices with a Si quantum well 

(< 5 nm) sandwiched between two layers of SiO2 

are fabricated on a Si on insulator (SOI) wafer and 

their optical properties are observed by photolumi-

nescence (PL). 

Experiment 
The superficial Si layer of the SOI wafer was   

70 nm thick, (100) oriented, p type, and with a re-

sistivity of 5–50 Ω cm. In the process of thinning 

the Si layer, the wafer went through dry thermal 

oxidation at 1000 °C repeatedly. Amidst the oxida-

tion steps, the wafer was cleaned with H2SO4 and 

H2O2, and the oxide was etched in a dilute HF solu-

tion. Finally, the wafer went once more through dry 

thermal oxidation to form an oxide layer on the 

quantum well, so that the Si layer was between two 

SiO2 layers. The Si layer thickness was measured 

by spectroscopic ellipsometry. 

The subsequent device was excited using an ar-

gon laser (514.5 nm), causing the emission of pho-

tons. Lenses and mirrors were used to direct the 

emission from the device, which was focused on a 

monochromator and the luminescence spectrum 

was measured using a CCD camera. 

Results and Discussion 
Each device produced an emission spectrum 

comprising two energy bands. One band varies its 

peak energy when the Si thickness is altered, occur-

ring due to quantum confinement effects. The other 

is approximately constant, attributed to recombina-

tion at the Si/SiO2 interface [2]. The light emission 

peaks for different Si thickness can be observed in 

Fig. 1. 

The intensity also depends on the thickness of 

the quantum well (see Fig. 2). As the Si becomes 

thinner, the PL intensity increases because the 

quantum confinement effects intensify, which per-

mit more efficient photon emission. 

The PL depends on the Si well dimension, the 

peak is shifted toward the blue when the thickness 

is decreased, implicating that quantum confinement 

effects were successfully observed. 

 
Fig. 1. Variation of PL peak energy with Si layer thickness. 

 
Fig. 2. Variation of PL intensity with Si layer thickness. 

Acknowledgement 
C. T. Azevedo acknowledges the support from 

the Science without Borders Program/CAPES – 

Brazil. 

References 

[1] S. Saito, IEEE International Conference on IC 

Design & Technology (ICICDT), 1 (2011). 

[2] D. J. Lockwood, Proc. of SPIE 7099, 70991F 

(2008). 

[3] B. K. Agrawal et al., Appl. Phys. Lett. 77, 

3039 (2000). 

1.0

1.5

2.0

2.5

3.0

0 1 2 3

E
n

er
g

y
 (

eV
)

Si layer thickness (nm)

Theoretical [3]

Quantum effect peak

Interface recombination peak

0.00

0.01

0.02

0.03

0.8 1.2 1.6 2.0

In
te

n
si

ty
 (

ar
b

. 
u

n
it

)

Si layer thickness (nm)

Quantum effect peak

Interface recombination peak

第76回応用物理学会秋季学術講演会 講演予稿集 (2015 名古屋国際会議場)14a-2N-2 

© 2015年 応用物理学会 03-161

mailto:cassia@pm.prec.eng.osaka-u.ac.jp

