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MECHANISMS FOR PHOTOLUMINESCENCE
FROM NANOSCALE SILICON/SILICON OXIDE SYSTEMS

QIN Guo-Gang
{ School of Pyhsics, State Key Laboratory for Mesoscopic, Peking University, Beijing 100871, China)

Abstract ; Most porous silicon samples studied have been oxidized in various degrees. Oxidized porous silicon and the
nanoscale silicon particles embedded oxidized silicon have similar structures and luminescence characteristics. Both of them
consist of a great quantity of nanoscale silicon particles, each of which is surrounded by an oxidized silicon layer, and can
be named as nanoscale silicon/oxidized silicon systems. They are the most strongly studied and very proniising silicon-based
luminescence materials. In this anticle, the photoluminescence mechanisms of the nanoscale silicon particles/oxidized sili-

con systems were summarized and discussed. The related research works finished by our group in Peking university were

briefly introduced.
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Table 1 PL mechanism models being suggested for por-
ous Si before 1997 listed in Ref. 10

Px.'op.osed idemi‘ly of luminescent material Author Ref Year
within porous Si

Amorphous Si phases Pickering [1] 1984

Crystalline Si quantum wires Canham [2] 19%

Quantum wires of undulating width Cullis (277 1991
SiH, complexes Tsai (28] 1991
Strain-induced surface states Ito [29] 1992
Unspecified molecules on intemal surface Xu {307 1992
Siloxene (SigO3Hg) derivatives Brandt [31] 1992
Hydride-polysilane ( SiH,) complexes Prokes [32] 1992
Crystalline Si quantum dots Vial [14] 1992

Petrova-Koch  [9] 1992
Kanemitsu  [33] 1992
Takeda (34] 1993
Hayashti [35] 1993
Sacilotti [(36] 1993

Structurally relaxed nanocrystal surface
Molecular Si clusters
Oligoesilane-nanocrystal bridges

Carbon clusters

Si0, defect states

Deep surface states on nanocrystals Koch [37] 1993
Vacancies in nanocrystals Wang [38] 1993
“NBOHC” defect centre in SiO, Prokes [39] 1993
Oxtide defects around nanocrystals Qin (407 1993

Kanemitsu  [41] 1993
Cottrell (42] 1993
Layered polysilane sheets Dahn [43] 1994

Near-surface region of nanocrystals

Monoprotic surface species

Dislocations in nanocrystals Takazawa (44] 1994
Shallow surface states Koch [45] 1995
Si-Si surface dimers Allan [46] 1996
Silanone complexes Gole [47] 1997

Crystalline Si quantum platelets Williams (48] 1997
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Fig. 1  Evolution of the infrared spectra of porous silicon
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Fig.2  Evolution of the PL spectra of the porous Si samples

in air, oxygen and vacuum
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Fig. 3 The original diagram in Ref. 14 to illustrate that pho-
toexcitation occurs in a nanoscale Si particle and photoemis-
sion occurs in the luminescence centers in Sj oxide
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Fig.4 The statistic results for PL peak energy of porous Si
samples before oxidation and oxidized at 200°C for 40h and
200h
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Fig. 5 The relation for PL peak energy of porous Si samples
against oxidation time shown in Ref. 20
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porous S1/p-Si
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