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Synthesis and Photoluminescence of Silicon Nanoparticles Fabricated
by Pulse Laser Ablation
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Abstract The buffer gas pressure is one of the most important parameters which influence the size of nanoparticles
in the synthesized process by pulse laser ablation (PLA). Usually speaking, the size of nanoparticles increases with
the increase of buffer gas pressure. In this report, according to the scanning electron microscopy (SEM )
measurements and corresponding statistic results for particles size of about 10 nm, it can be obtained that, the size of
silicon nanoparticles decreases with the increasing of the gas pressure in the range of 50 ~ 100 Pa, and a relative
expression between the gas pressure and the size of the silicon nanoparticles can be given, which describes the
experimental phenomenon properly. The photoluminescent (PL) properties of silicon nanoparticles are investigated
by photoluminescence spectroscopy with a wavelength of 280 nm at room temperature, and the violet and blue
emissions are gained. A double peak structure at 372 nm and 445 nm appears in the sample synthesized by the gas
pressure of 50 Pa. While the gas pressure increases to 70 Pa or 100 Pa, the peak in blue region disappears and the
peak in violet region shifts to 379 nm and 393 nm corresponding to the samples synthesized by gas pressure of 70 Pa
and 100 Pa respectively. These photoluminescent emissions are attributed to the surface state effect from the
oxidized layer at the surface of the silicon nanoparticles.
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Fig. 1 SEM images of the silicon nanoparticles synthesized by PLA

(the inserts in the top right corner of SEM images are their size distribution diagrams)
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Fig. 2 Diagram of the relationship between the argon gas

pressure and the average diameter of silicon nanoparticles

XJ AN [] 22 o B 0 il 5 1 St g oK JBURE 3E 4T 0%
FEEPEREM IR . R 280 nm i K OG0 A& W 4
Fr ) Fik A DK JBURE L2 AS 31 B 8 R 0 BUROG s KE BN
AKFORLAE 25 AP ICE 10 K FR003E Br 15 19 = D6
BOROLE MK 3 froas. WK 3 89 PL %A L, 78
50 PaF il & M RE i HoAT S S5 4, 43 0 2 A T 48 4
X #9372 nm I F1 A7 F 86 X B9 445 nm i, XF 7
70 Pafi1100 Paffil & T 09 FE dh o XLIE S 3% 45 14 31 2%
AT 58 A0 X0, HLWE A AN 50 Pa R 19372 nm#% 3|
70 Pa F 379 nmA1100 PaF 1393 nm, I 04 3
REEARE 25 o

372 nm

— 50 Pa

--T70Pa

—-100 Pa

N'\443nm A, =280 nm
AR l room

) temperature

Normalized intensity

350 200 450 500
Wavelength A /nm
B3 ORI G T T A 0 e 4 oK ORI
BRI
Fig. 3 PL spectra of the silicon nanoparticles synthesized
at different argon gas pressure
NI TR0 A2 e Tt 43 A1 AT R e 44 0K J5U0RE 1Y
RoPFE 5~ 18 nm, 5 5 b M B 7T 2 RSN F
5 nmA BB B TR . AR S P A A R SE
Tl J O ) 4 R ABRE L SR R AR D . BRI L X
T R 5 A Tk A K R G v UL 8% 21 B B i R Bk
I s —J& B I 43 B 9 oK R R F R R DL BOR g
R s T BT R RN T T ROST R 4 oK JSOR



33 ARA AT 55 -

ik w38 e e o 1% 1 5 4 44 K BURE S HOB BOR OB AR AE 885

B T80 KA 77 A 1 PLSiR 2 O 355 M LWL i
k. MBEEICE 2P 10 RG S REGUR PUR 25 1 52
B AP A R A AL T R — AR R
KEERZ I G A . A AT 20 K AZ A RO I
71N DTG ik 299 K JRE 119 56 BUR G AT RE SR IR T4 1 R
SRV o AR A A R IURE B RS AR A e K O i
37 5 i RS RO AR A Y T SO N AR AT T EL B
PR/ PL I AL LR B S i1
IR il 250 RO AR 25 8 A 2 R b A R A 28 A
RURREMEREZ PL AURFE . AL 5 B RE A WL 4 5
W PL. A RN AMZS 5 T &6, F%
b AR A R ORE 1) R TR AR A A
B R HESESE . MR R R RO O R X
SEHT SRR A A O v L 114 25 0 B e R R B AL T
REM K A4S BEM 1P AR i Tl 28 o I L ROt vl ES
T o K e B 5 AL E P kOB 3K 372 nm,
445 nm RO L 22 0] B 525 52 R S . (E S T RE
e AR T T A K UK 1) R TR o HL U i A T A
BN SO A T AR L RS A
T e B 2 AL JZ Hh s AR Z 5 REAR Y S AL Y
RO A RO T . AFBE372 nmiy K
e AR TR A A T 445 nm U P 44 K
R 3 T AL Z R B R A

M3 AT HERD, 445 nm Ak 1 B E I AE 70 Pafil
100 Pat fiy o R KI5 8H 2% 1 75 — 54 K3y
We e AL 2L%% . W O 2 41 T ) 3G A A5 40 K
LRSS/ T RRE RS/ H 3R T iR T 5K 7
KRR 2 R 5 I8 B AL R 25 MR 5 A
TE o FUE B Z (A L Y BT SRR R X
AIAE 445 nmlgiH Rk 1 BN . [ AR 2 1R
T2 45 K RE BR 1 4025 6 19 9 8l » 6 AL TR Y BE
A YR TAESGBBRBNZEES L 2SR RO T
FE 2R L /)N - AT W 37 5 AR 21 A

4 45 i

KM PLA Jr ik il i o028 28 o SR | A
J1 il g R ST 5] B RE G K R, 4 SEM WL 4%
50k R ST Gei T K& BERE 98 K ks R~ BE | S )
NI TS 7% 8 TN JE S AP ok AR L LR N TR )
F1R) 5% W) {5 A5 g R 44 DK JBORE T 24 B AR AR I L
KFR . W B 18 R 0 A ABURE I 150 08 00 2] B deb 1) S 3
RIG MIES S E 10 Rig. KM EAV B
RIEBOR SR AE . Hrp 50 Pa R AYEE & B 240X
372 nm M #5 G X 445 nm Y W 25 4y, £ F 70 Pafll

100 Pa'™F 4 FE i, 445 nm 0§ 3 25, T 48 4 X 06 A
372 nm 4L # F) 70 Pa T 19 379 nm 1 100 Pa | #Y
393 nm. M AN B 95 K UKL R 5 RF R
JIT LAE LLWLIN 2 B Y PLORRAE T 2218 A1k IS 1Y
REZNOK URL B T 3% 18 4 M2 1 2 5 0 2 B Y
PL 5 X0 25 ke 4 Sk B Tk 40 >k WOk 26 i AL 2 1 &
e BB A S R S . 445 nmg 1 K DA
B oy —We 2085 . v] BE A2 ROSE A8 b 51 1) 48 1 2 45
T4 A5 AL BT B

i R £ B Dow-corning 2 8] 3 AR B 4 T 84
T,

5 F X W

1 Xia Jianbai. The research of silicon photoluminescence [J].
Chinese Jowrnal of Semiconductors, 1998, 19(5) :321~326
HH A, 2Ol ]. F 54k F 3R, 1998, 19(5):321 ~326

2 L. T. Canham. Silicon quantum wire array fabrication by
electrochemical and chemical dissolution of wafers [J]. Appl.
Phys. Lett., 1990, 57(10):1046~1048

3 S. M. Prokes. Light emission in thermally oxidized porous
silicon: evidence for oxide-related luminescence [ J]. Appl.
Phys. Lett., 1993, 62(25) :3244~3246

4 Haojie Zhang, Longzhi Lin, Shaoji Jiang. Fabrication of nc-Si/
SiO; structure by thermal oxidation method and its luminescence
characteristics [J]. Chin. Opt. Lett. , 2009, 7(4):332~334

5 L. Pavesi, L. D. Negro, C. Mazzoleni et al.. Optical gain in
silicon nanocrystals [J]. Nature, 2000, 408:440~444

6 W. L. Wilson, P. F. Szajowski, L. E. Brus. Quantum
confinement  in
nanocrystals [J]. Science, 1993, 262(5137):1242~1244

7 V. Petrova-Koch, T. Muschik, A. Kuxet al.. Rapid-thermal -
oxidized porous Si the superior photoluminescent Si [J].
Appl. Phys. Lett. , 1992, 61(8):943~945

8 G. G. Qin. Y. Q. Jia. Mechanism of the visible luminescence
in porous silicon [J]. Solid State Commun. , 1993, 86(9):559
~563

9  Wang Zhaoyang., Hu Lizhong, Zhao Jieet al.. Effect of growth

size-selected, surface-oxidized  silicon

parameters of fabricating ZnO thin films by pulsed laser
deposition on light emission characteristics [ J]. Acta Optica
Sinica , 2005, 25(10) :1371~1374
FEIRP AL A A BRI EOGTUBUS B ZnO R
AR SEM RO )] b F F 4R, 2005, 25(10);
1371~1374

10 Wang Yanmin, Meng Haiwei, Wang Yan et al.. Dielectric and
optical properties of Bag s Sro.5 TiO; thin films fabricated by
pulsed-laser deposition [J]. Acta Optica Sinica, 2008, 28(4):
804~808
EHEGL, Tifg 10, T M6 S5 Jkoob 3006 UORR I ) 4% K R A
JE R EOB MR )], % %4k, 2008, 28(4):804~808

11 Zhou Yang., Zhu Lizhi, Wang Yinglong et al. . Influence of Er-
doping on nanocrystalline Si films morphology fabricated by
pulsed laser ablation [ J]. Chinese J. Lasers, 2007, 34
(Suppl. ) :214~217
JA O BHLRESLAR L EIE R AF. B OGB4 K ik
B SR ]. F Bk, 2007, 3408 T 214~ 217

12 N. Suzuki, T. Makino, Y. Yamada et al.. Structures and
optical properties of silicon nanocrystallites prepared by pulsed

laser ablation in inert background gas [J]. Appl. Phys. Lett. ,



886 i 5|

k 57 %

13

14

15

16

2000, 76(11):1389~1391

Xu Bing, Song Renguo, Tang Puhong et al.. Preparation of
silver nanoparticles colloid by pulsed laser ablation [J]. Chinese
J. Lasers, 2007, 34(11):1582~1588

o RECRCE R S PRt EE Mk & Ag 4K
JEAARLT]. B gk, 2007, 34(11).1582~1588

T. Yoshida, S. Takeyama, Y. Yamada et al.. Nanometer-
sized silicon crystallites prepared by excimer laser ablation in
constant pressure inert gas [ J]. Appl. Phys. Lett., 1996, 68
(13):1772~1774

C. Grigoriu, L. Nicolae, V. Ciupinaa et al.. Influence of the
experimental parameters on silicon nanoparticles produced by
laser ablation [J]. J. Optoelectron. Adv. Mater. , 2004, 6(3):
825~830

J. Gonzalo, F. Vega, C. N. Afonso.
dynamics in reactive and inert atmospheres during laser ablation

of BierzCa|Cuz()77},[J]. J‘ /\pp[. Phys. 5 1995, 77(12),

Plasma expansion

19

20

6588~6593

A. Zunger, L. W. Wang. Theory of silicon nanostructures
[J]. Appl. Surf. Sci., 1996, 102:350~359

Lin Jun, Yao Guangqing, Duan Jiaqi ez al.. Ultraviolet light
emission from porous silicon with its peak wavelength around
370 nm [J]. Chinese Journal of Semiconductors, 1995, 16
(12):947~950

OELBORIR BRI . ZALEEROGIE AL 370 nm Y
FHMERMLT]. F 5k F R, 1995, 16(12):947~950

S. M. Prokes, W. E. Carlos, O. J. Glembocki. Defect-based
model for room temperature visible photoluminescence in porous
silicon [J]. Phys. Rev. B, 1994, 50(23):17093~17096

T. Makino, N. Suzuki, Y. Yamada e al..
visible  photoluminescence  from
nanoparticles [C]. Mat. Res. Soc. Symp. Proc., 2003, 737:
265~270

Mechanisms of

size-controlled  silicon



