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Fig.1 (a) SEM Photo of the hole-net structure of silicon form-
ing at the inside of the hole drilled by laser; (b) Line-distribution
diagram of oxygen on the silicon sample obtained by using the
line scanning technique of element analysis
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Fig.2 PL peak at 706nm wavelength related to the hole-net
structure of silicon whose PL emission of porous silicon anodized
alone
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Fig. 3
mersed in HF(49%) , Ethanol and pure water, respectively when

Weaker PL emission of the samples which were im-

irradiated
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Fig.4
sample A Optimum condition of preparing sample A in which

PL emission changing with the irradiation time in the

the most enhanced PL peak is found.
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Fig.5 Results of preparing sample B (a) Anodizing the silicon
with the irradiation of the laser beam; (b) Boundary region of
irradiating spot on the sample; (¢) Comparing the PL peak emit-
ted from the condensed rods in the irradiating and anodizing re-
gion with that from the porous silicon anodized alone, the former

is higher and sharper obviously
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Fig. 6
samples C

SEM images of the low-dimensional structures of the
(a) The dots structure and the lines structure on the
Si;-, Ge, film formed under a weaker irradiation of laser; (b)
Nanostrap pieces structure after digging up the Si;-, Ge, layer
with a stronger laser; (¢) PL spectrum from the structure of

strap pieces
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Fig.7 (a)A kind of porous structure on the substrate under an-
odizing and irradiating for 30min when the Si; -, Ge, layer is al-
most dug out; (b) Oxygen distribution diagram on the porous
structure; (¢) PL peak emitted from the more oxygen part of the
porous structure
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Fig.9 (a)Energy states distribution related to the most inten-
sive PL emission; (b) Energy states distribution with weaker PL
emission; (¢) Energy states position when PL changing from wea-
ker to stronger

PL %0t - i Fft S8 A ik 5 1 25 1 B 1) 30 A 25 0 A 5 AR 4
20 Jih 52 R A 3 A1 B4 R O 7 B A5 AR A T A2 R e Y
15 L DX 5 T 244 10 408 299 oK 45 g 194 )72 A s H X B 1
T52 FRAB B T B /I T S8 1 5 11 25 19 BB Bt 5 12 ) BR AT #Y
HL AN AR B 3 S A A A B I 9 (b) R . H
RERAERSH B RES. (K 9 iFH A PL &6
5185 555 CE AL e 78 ) IR LA 9 DX ) A G R A — A e )
F14 B — (14 BT VAT 20 499 A 2254 ) i 530 R ot IR 4
AN K AL B A 2 BRAS o A 5 A AR AR B I A 0 A A
XS R A i — A R 3 X T (3) A Ak B T A Y RE
A BRI AT CZBEREFIIN A PR B2 00D 3273 A Y
HR A T B 52 S A A A S T AR 1) 45 R R A
TUSKALH PL e o't ), 5 56 B 1) o s 2 PL &G 1Y 95
JEE IR AN 2 phy AR A 290 K i A 114 20 %F RS R e s 1Y
Un s AR E A R AR RSE /N T 3nm il 5 R
HEARZE LK S5 1 1) 1 52 BRAS o0 A 5 S AL el 57 1 25
3 AT AR B 2 I 9 Ca) B R A T AR R B T2 BR-
A R SR AR ) ST S SR R AR T R E AR R AR
Z S8 H g R R ST/ TF 3nm B R ALY B PL &G



%1 WL

WO T a2 E g SR IREGIR S5 FI Y PL 40 121

W IR G BT 2 BRI B B L T 2 PL R G I
AR A

AR B TR B PL S GG 300 15 1 AT
F £ B i e QC BT QCLC A5 3 fy iy B2 R | s
BATTIN Ny, T A A9 0 RO RN s HZL i ] 9 (a)
(25 - 5 PL KOG 3G 5 A0 8 B, I £ Bl 450 R 4T 4L
G N[ it A 55 S0 P 3 T A A AS ) 1 SRR AR 43 AT
6 TR B [8) RE G 1 PL G 33 110 45 2% 25 4k 5 4T 4L 91
GOERE I .

FHAZ AR BB 06 fiff AR SCSZ I8 1) 45 . 4% 1) EG A
K6 M LSS A 4 IR S5 A 1) 2 06 PL 5% & DB A0 2
L) 3 45 K A B I B 0 ) 2% T . 2% 1Y B R RE
JZ WOCTE S AE EAL 2 B LGN K AN K B b 1 A
W Hom T IR AR R vE T RE B . M ik 5 A A RE A
T AN 6] F 8 i 5 A RE R R S 2 & H N5 H T &
IR F 760 nm P& KA1 866 nm K% £ kb PL &%
I
4 B

MK OGN TS5 b, AT S48 %) 4 b PL 3%
RCH E ARG 254 T8 iR 1 306 4 B Ty
PSR (D FEREFE & 1 T /N LR BE T SR )
FLAR AR ER 54 5 (2) 1k B A 4 I 1k ' o FE 5 284 4
T3 2 h i S8 A FroIR 25 48 5 (3) Bk B A 4 IS 1 38l 8 1R
Ja R AERAFA IR BB AL Z L85 1 s (D F ] R
O AR B RE i o AE A R TN TR ORGSR
112 QCLC iRy, 25 5 1 2 IR-fn ik 5 Sk 5t i
BLRABRDK i B LR LI 4 it 7450 1) PL &6
$58 5 350 I RIS [) 00 23R 1 BT FL A0 . I A TR R L SR
T 75 T B B W B 25 40 A 5 48 A ek B T 25 40 A1 1) A X 62
BANE T 2Ok O B B AE X R . BT L G E AL Y
FUBE RN o AR Y 40 K 5 46 X 7 119 4 5~ 52 PR 485007 i 5
REBR I FRGE S & TR A A S A KEr
HA, AR A ik B TS B AR AR AT BB A R Y 52 R
SR . FH 33 Tl R X R 2 0 A ORI I 4k 44
DK 2 R 1) I R RST o B B A e R S G P 5 R

T A B T RIS S 08 A g R A A L Rk B 0 A
A3 A A B AR R T b = AR 2 X R Y EUR e
TE O EZEAE ) & T 52 BRAIE JUT 7 1 S Ak A% 24 40 K &5
FaAT Wb £ 32 TR0 A (i 22 FL ke L 0 Lk 45 ) R i 0 Y
i brkE o REFA 72 B A R D s 482 55 . A ek —
AT ] R G T 5 2 S RAE AT 5 A 0K
AHE B 55 9 K i 1A R i 4 7% 21 A AL RE S 1 S8 T Dex-
ter KAYAJEJE T Forster JERIBR P A

S % ik

[1]

2]

[3]

[4]

Lo]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Wong H S P, Frank D J, Solomon P M. et al. Nanoscale
CMOS. Proceedings of the IEEE,1999,87(4) :537

Chenming Hu. Silicon nanoelectronics for the 21st century. Nano-
technology,1999,10(2) :113

Xia Jianbai, Xie Guowei. Electronic states and optical properties
of silicon-based low dimensional structures. Journal of Nanjing U-
niversity (Natural Sciences),2005,41(1) :4(in Chinese) [ E & |1 .
IR ik AR 2 5 1 1 vl T A RO 2 M B R R R A 2 4T, 2005
41(1) :4]

Kanemitsu Y, Uto H,Matsumoto Y ,et al. Microstructure and op-
tical properties of free-standing porous silicon films:size depend-
ence of absorption spectra in Si nanometer crystallites. Phys Rev
B,1993,48:2827

Qin G G, Liu X S,Ma S Y, et al. Photoluminescence mechanism
for blu-light-emitting porous silicon. Phys Rev B,1997,55.:12876
Kanemitsu Y, Uto H,Matsumoto Y et al. Microstructure and op-
tical properties of free-standing porous silicon films:size depend-
ence of absorption spectra in Si nanometer crystallites. Phys Rev
B,1993,48.2827

Cullis A G, Ganham L T. Visible light emission due to quantum
size effects in highly porous crystalline silicon. Nature,1991,353:
335

Huang Weiqi, Liu Shirong. Properties of germanium nanostruc-
tures by laser irradiation with oxidation. Acta Physica Sinica,
2005,54:459 (in Chinese) [ 2 i 5 . X tH 2. #0685 109 1%L
P JRUBE 19 98 K S5 4 B L2 41 . 200554 £ 459

Huang Weiqi, Liu Shirong , Xu Li,et al. Low-dimensional struc-
tures formed by irradiation of laser. Chinese Physics,2007,16(3) :
725

Huang Weiqgi, Liu Shirong. Self-assembled germanium nano-
structures by laser-assisted oxidation. Chinese Physics, 2006, 15
(2):389

Qin Guogang, Li Yujie. Photoluminescence mechanism model for
oxidized porous silicon and nanoscale-silicon-particle-embedded
silicon oxide. Journal of Nanjing University (Natural sciences) .
2005,41(1) : 14(in Chinese) [ %% [E HI , 2 F A . A AL 2 FLEE R 91K
AR B IR S D' BOR DB LRI B . B 5 K22 41, 2005, 41(1) 14 ]
Qin G G, Liu X S,Ma S Y,et al. Photoluminescence mechanism
for blu-light-emitting porous silicon. Phys Rev B,1997,55.:12876
Qin G G. Extended quantum confinement/luminescence center
model for photoluminescence from oxidized porous silicon and
nanometer-Si-particle or nanometer-Ge-particle embedded silicon
oxide films. Material Research Bulletin,1998,33:1857

Wolkin M V,Jorne J, Fauchet P M, et al. Electronic state and lu-
minescence in porous silicon quantum dots: the role of oxygen.
Phys Rev Lett,1999,82.:197

Huang Weiqi, Liu Shirong, Qin Zhaojian. Germanium quantum
dots formed by oxidation of SiGe alloys. Acta Physica Sinica.
2006,55(5) :2488(in Chinese) [ # {1 3 . X it 2 . Z2 i gt . S AL sk 2
o B K B A AT T R B4R T, 2006, 55(5) £ 2488
Bongiorno A, Pasquarello A, Hybertsen M S, et al. Transition
structure at the Si (100)-SiO; interface. Phys Rev Lett,2003,90:
186101



122 k5 ko W %29 &

PL Emission of Low-Dimensional Structures Formed by Laser Irradiation”
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Abstract: Certain low-dimensional nanostructures can be formed by laser irradiation on pure silicon samples and on the SiGe alloy
samples. These low-dimensional nanostructures are generated by the interaction between semiconductors and the plasma produced
with laser irradiation. We studied the photoluminescence (PL) of the hole-net structure of silicon and the porous structure of SiGe
where the PL intensity at 706nm and at 725nm wavelength increases significantly. It is proved that surface oxidation of these struc-
tures occurs. The effect of intensity-enhancement of the PL peaks cannot be explained by quantum confinement alone. We propose a
mechanism for increasing PL emission in the above structures,in which the trap states of the interfaces between SiO, and nanocrystal
play an important role.
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