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Abstract The period pattern emission in the Purcell cavity from plasmonic lattice structure is observed due to
interaction between plasmon and photon. It is observed in preparing nanosilicon by pulsed laser, which is similar
with the Wigner crystal structure. Manipulation of emission in the Si nanostructures is studied by the
photoluminescence spectroscopy. The surface bonding and electronic localized states are characterized by several
emission bands, which peak near 560, 600 and 700 nm on samples prepared in oxygen or nitrogen environment.
Silicon quantum dots (QDs) is fabricated by laser irradiation in oxygen environment. The peak—shift in Raman
spectra can be observed with increasing temperature on samples, which shows the decrease of phonon energy. The
peak intensity in photoluminescence (PL) decreases and the emission band becomes broader at higher temperature,
meanwhile the red-shift of PL peak is observed at 77 K compared with that at 279 K, which indicates that the
localized states emission plays a main role on the nanosilicon activated. The electroluminescence wavelength is

measured in the telecom window on silicon film coated by ytterbium.
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Fig.1 (a) Image of the plasmon standing wave produced by coupling between photon and plasmon in the cavity; (b) visible light spot of

plasma plume and period pattern ofinfrared image of the plasma standing wave
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Fig.2 (a) Optical image of hole—net structure prepared by the plasma standing wave provided by ns pulsed laser at 355 nm in the
cavity, and the inset shows the TEM image of nanostructures of silicon in the hole—net structure; (b) Laman scattering spectra

of nanocrystal of Si, and line B is the standard Laman spectrum on bulk silicon, line C is the Si nanostructures Laman spectrum
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Fig.3 (a) Optical image of the emission of oxidized Si nanostructures excited by xenon lamp in cavity;
(b) a sharp peak at 604 nm in PL spectrum on the sample in Fig.3 (a) after annealing treatment
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Fig.4 (a) SEM image of hole—net silicon prepared by pulsed laser; (b) TEM image of oxidized Si QDs prepared by pulsed laser
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Fig.5 Raman spectra on the samples at different temperature under the 514nm excitation

1217001-4



L
R R (297 K)I KL 5 B0 PLOGIE o 783 IR PLOGIG 6 £ 0 W B R, Y IR BT, Bt E 4
KA N 6(b) WP R 3N ENE T AY PLOGIE , 76 579 K B H: PL O3 & 606 LA 4% .

[ F —B:279K [
B 50000 B: 279K 40000 o bk
= 40000 2 C:379K
3 = 000 — D:5T9K
300001 =
g 520000-
& 20000]
2 € 10000}
&'10000 &
ol (1|
500600 700 800 900 500 600 700 800 900
Waveelength /nm Waveelength /nm

6 (a) 77 K F1297 K HHFE &L 9 PLYGIE; (b) M 279 K 3] 579 K 34~ ASIAl IR BE T /9 PLOG %
Fig.6 (a) PL spectra measured at 77 K and 279 K respectively; (b) PL spectra at different temperatures from 279 K to 579 K
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Fig.7 (a) Potential change of the PL intensity with temperature; (b) PL peak—shift with temperature increase
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Fig.8 (a) Si QDs structure saturated by hydrogen atoms, its band structure and density of states; (b) Si QDs structure with Si = O bond
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Fig.9 (a) PL spectra on sample prepared in smaller oxygen pressure (below 107 Pa); (b) PL spectra on sample prepared in larger oxygen
pressure (over 100 Pa); (¢) PL spectra on sample prepared in oxygen and nitrogen environment; (d) PL spectra on sample prepared in

oxygen pressure (below 10" Pa) after annealing for 20 min and quenching treatment

1217001-6



hOE W ok

FE & 3(b) L I 9(a) FTE 9(c)H HLA 06 1 AL e 2 19 Pl B K L2 AR, X BoR TR A ROk KR
SER RS, (ARLE 1 3 B T B B A RS 8l 3 R th T4 K ik RE 20 A i el A s kS L X SR T QG AR 1Y
EH S

TE VU RE S R S8 FP U518 3 A 660 nm #8721 700 nm, 40118 9(c), X & i1 T 49 K ik 1 w5 e 4L i v 1 BR AT 3
KRB A 3T 1.78 eV WY RE &, J0 HUZFE 7 =5 EURME B0 T I B Si= O BUEE , i T JL-F i A 19 1l B T #5A
e BE R AT MR AE G L, T AJUL A 06 39 2%, A 9(b) T 7w

&1 9(c) ) S B 45 R k7R 2 BRI A S S 05 06 2 2578 B () I A G e s 2% & A= #% 3 , AT R a4 1
AARHRJ AR B — R AR Ly 5 T 2R i BT B R Sk 2 A 7 B, DT R B RO I B B . IR
AE 3 20 min J5 AT KL, RS RO 23 F AR, U3 SME Purcell Jis A i 24 BB 25 TE B2 AN 04, G 5]
)7 o TE Y B 7 & T 2R = BT QC RN 28, JUAN T U ol e (B 14 7= A= 2 498 K ok 6 T 5 D i 1) Jd ik
BEYIEEHE , Hrp 560 nm i 856X TR LED 3% 4 B9 AF & A R KA Bl .

FEQKEE 8 AR £ e FZ WA R RCR . Kk ol Nd: Y AG 06 = OB 36 (K4 355 nm, Bk il 5
J& 2 100 ns, T2 S E N 1000 Hz)VE 4 Ik misos T (PLD)OE ' o8 28 o 42 M e i WIS B30 B, il Tk S5 48 00
A A B BN T C L 7 1 FE S 30T T R TR R TR B SR i 45 A4, O HL Si- Y b B F T A i 3R 1 R0 23 AE A B
TE B R 2 1) R SR AS S5 A, /10 SR T Si—Yb SEIE B 1) JR) S A 7E 1600 nm B 3T 9 384 3 EL G , H g (E V%
IR B, Hrp R R A R 25 2 P 2 fil b Y Si- Y RS R B RS RO . I 5R EL G
VETESE —IRE [, X PSS TR MR E DRSO & A RIS A L

TV B DU BB % 2R 48 5 O 0 DU BE 2 2R e AHARL, A SR Jik b 8o ) VR T U5 2 T B 1) J) B S 114 st 7
[ S, ik v LS B RE S AR RO o 1L R T RE R GE 3T, HOR s A oKk 1 i kA 15
F|, 40 Si-0-Si Hr s JE B D1 Ry A 8 Si = O XY 1 19 D2 Jmy 32, I HLAT L& ] Do il B2, i & 4 38 TR 7
1 B 1 JRy A8 45 4 T DB Ao AE e T 48 200 Hoe R, AR B AR RS . S8 8 MY S I 45 A 208 JE R Y 2
B R AR AE MK RE S il 218 b A — SR G B P 2R AR B AR R 3 A e TR AR I B0 2R il S AT R
G PRE , FEBUR S AT B . BTl B B R TR BRI, BT DL S A B B st g B ] B S
U5 45 SR AR L #, e T 2S plh e TE N OK R L B A v B T 1Y) 5 Sk S O R B R R R G Y R S 4
AR LT L. RERRE RIS Tk FOL TS R AR OT A BAE TR B R s

5e

1606 3.0F
o 2.6}

g -
S18f D2f

A1
©

14}
&

g10f | o
Lg . visible light
0.6

—=—energy states of
pure nanosilicon

'S
T

Spectrum (a.u.)
w

\V]
T

Ag
VB

1.0 15 20 25 30 35
Diameters of nanostructures /nm

—
T

1300 1400 1500 1600 1700

Wavelength /nm
PEl 1O ik 77 5 3 T B 488 L i I 1 EL DY 3% B 11 PURER RSt
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