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The Photoluminescence Properties of Self-assembled
and Nano-sized Silicon Quantum Dots
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Abstract: Using the low pressure CVD method with SiH4gas, we have accumu-
lated the silicon quantum dots in self-assembled and nano—sized on a silica glass sub-
strate. The optical absorption and photoluminescene spectra have been observed.
With decreasing the size of silicon quantum dot, the limit of optical absorption
shifts to higher energy. The intensity of photoluminescence spectrum is indepen—
dent of temperature, which means that the photoluminescence is due to the recom—
bination between the local energy levels.

Key words: silicon quantum dot; low pressure CVD; self-assembling forma-—
tion; optical absorption and photoluminescence spectrum

PACC: 7320 73401



https://core.ac.uk/display/41349799?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

3 265
1 7 El
, 1990 12
[3 5]
SiHs " SiH4 ,
SiH4+ (LPCVD)
) S04/ Si i ( 10" em 2)
) Si02
, (PL)
[8]
2 HEETHEMYK
0.1% Si02/ ¢c-Si s 0.3 nm,
OH SiH4 CVD(LPCV D) 2 7.5
nm 1 000 , 2% 90
Sizp s 2.7 nm
3 HETAMEN LR TIEN
TEM , s 10
nm, 5 nm , Si(111) (AFM)
ho 1 : (a)
Si02/ Si( 100) s 580 ,60 ;(b)
S102/ Si(100) ,580 ,60 ;(c) Si02/Si( 100)
,580 ,90 1 ,
(2.7 nm)
[ 10]
ho Si02/Si(100) s 560 , 60
LPCVD , ( 1000 ,90 ),
ho (ho 3 nm) [ 1(a)]

5] i
2 nm 10

(he)y = 1



266

20
em™ 1 (b) () 100f  p General density 510 cm®
] h&13.0
6 nm 9nm, (he) sok (hc=°_}-2;nm)
3.3nm 6.3 nm
he 23 8O A
-'""h° (a)
aof
o 2.0}
4 FEET RBOCF TR :
, 1§ 30 General density 2x10" em”

, , _e & Hy=6.0nm
(a) (¢ (Photo 5 (1.=3 3om)
thermal deflection spectroscopy, PDS) 3

(o g g (b)
PD &
: o =
d o« d 1 §
PD o
2 ; ) 50 .
General density: 2x10° cm’
PDS s aof - hn =9 0nm
PDS 2.5 3eV ) (A =6.3nm)
i 30}
PDS 2ol
he 6.333 1 2nm Lo
i E. 1.9 2. 2H 2.5eV Abini- 05 S m -- =
tio' " Tight-binding'" B/ nm
’ Eg
3.02.0 15nm 1 AFM 1000 , 920
Fig-1 The size distributions of silicon quantum
’ dot after oxidizing passivation at 1 000
for 90 seconds in diluted oxygen atmo-
sphere
5 EETREAL(PL) &
( ) )
3 i(a) ( 2.5V ) 488 nm



3 267
325 nm N E ]Dz _
PL £ (c) h.=6.3nm
£ 10°F
:—: it () A.=33nm
2 2 § - -
é 10 (8) A= b-20m
@ 3 L
, ,E 10
g . E;= 196V
1.4 eV 0.3 eV L B Loy
= £, =2.5eV
(3 5] B —
2 10 20 30 40 50 60
PL f-d Incident photon energy / eV
(N:1% 7 10% 2 b
2 1% o) (PD)
> Fig. 2 The photo—thermal deflection spectroscopy
of silicon quantum dots on quartz substrate
under the same conditions of Fig. 1
, 3
, 488 nm(2.54 eV) , 2. 54 eV
, , PDS 325 nm
, 488 nm 7.6 P
325 nm 4
] 200 He-0d laser i
o ( 325 nm. 30mWicm }
i P — A" laser 2 R
B 1ul {488nm : 2 54eV) = 15 A{A\(l)
E ; x76 = ¢
3 uil {| - He-Cd Jaser £ ()R ‘ra.
g - (325mm, . 381 V) £ 10 lb)'\l"ﬁ
g 06 £ 5
§ oa} 3 o3 L oh @ o e
i = ’v\ 19eV 22eV 2-5|e\r
£ o2f 5 X '
3 d iy > i
£ . (.) wl g i
g 0—'{ .n. * - P " 0.0 " o
# Lo 12 14 L6 18 20 22 10 12 14 16 18 20 22 1214 26
Photon energy 7 eV Photon energy / &V
3 1(a) PL 4 (1
(488 nm, 2. 54 eV) He-Cd (325 (a),(b), (c) (d)[
nm, 3.81eV) Si0,/Si( 100) , 560 54
Fig. 3 The PL spectrum of Fig. 1 (a) at room 1 PL
temperature- Laser sources are Ar" (438 nm, Fig- 4 The PL spectra of samples showed in

2.54 ¢V) and He—Cd( 325 nm,3.81 ¢V)

Fig. 1 (a),(b), (¢) and (d) (on the Si02/Si(100)
substrate treated by diluted HF, at 560  for 54

\
sec)



268 20

PL 4 He-Cd( 325 nm, 3.81eV), PDS
> , PL
Si02 , 560 ,
, PL PL
36 (1000 ,90
) ;
PL PDS 0.9 eV
[15], 2 nm
(excition) 0.25 eV ,
) / Si02
L 2(a) PL 5
, 77 K , PL
, PL. , TIK
> , 13K
PL , 6
320mW/em’ : 3K . PL
5 6 PL
25
Ar® laser ] 80F
. 488nm ; 200mW / cm”
5 2p | ! 7K 5 0
= o
o — 60
& Z
g 15 F E SO
E g 40
g 14 .' 5. 3.0F
'-2 L .
= 05 F 201 .
: LOF /. & Ar* laserfag8nm; 2.54 £V)
00 00 o L L L L L A 1
1.0 0 S0 100 150 200 250 300 350
Excitation |aser intensity / mW- e’
5 Ka) PL 6 13 K 1(a) PL
488 nm, 200 mW/cem?
Fig.5 The temperature dependence of PL spec— Fig. 6 T he irradiate laser intensity dependence of
trum for sample(a). Laser wavelength is PL spectrum for sample (a) at room tem—
488 nm, and intensity is fixed on 200 perature and 13 K

m W/ em?



269

% i
CVD

Canham L T. Sillicon quiantum wire array fa-
brication by elecirochemical and chemical dissolu—
tion of wafers » Appl Phys Lett, 1990; 57: 1 046
Lehmann V, Gole U. Porous silicon f ormation: A
quantum wire eff cct. Appl Phys Lett, 1991; 58:
856

T akagi H, Ogawa H, Yamazaki Y, ei al. Qua-—
ntum size ef fects on p hotoluminescence in ultrafine
Si particles, Appl Phys Lett, 1990;56: 2 379
Kanemitsu Y, Ogawa T, Shiraishi K, et al. visi—
ble p hotoluminescence from oxidized Si nanome—
ter-sized s heres: Exction conf inement on asp heri—
cal shell. Phys Rev B, 1994;48: 4 883

Yamada Y, Orii T, Umezu I, et al- Optical
Properties of Silicon N anocrystallites Prepared
by Excimer Lasder Ablation in Inter Gas. Jpn J
Appl Phys, 1996;35:1 361

Nakajima A, Sugita Y, Kawamura K, et al- St
quantum Dot Formation with Low-Pressure
Chemical Vg or Deposition. Jpn J Appl Phys,
1996; 35: 1,189

Nakagawa K, Fukuda M, Miyazaki S, et al- Mat
Res Soc Symp Proc, 1997; 452:234

Shiba K, Nakagawa K, lkeda M, et al. Optical
A bsorption and Photoluminescence of Self Assem—
bled Silicon Quantum Dots. Jpn J Appl Phys,

PL
/ Si02

1997; 36: L1 279

9 TIrani R R, Callis C F- Partile Size Measurement:
Interp retation and App lication ( Wiley, New
York), 1976:135

10 Jackson W B, Amer N H, Boccara A C, et al.
P hotothermal def lection sp ectroscopy and detec—
tion. Appl Opt, 1981;20: 1 333

11 Hirao M, Uda T. Electronic structure and op tical
properties of hydrogenated silicon clusters. Surf
Sci, 1994;306: 87

12 Ren S Y, Dow J D. Hydrogenated Si cluster:
Band formation with increasing size. Phys Rev
B, 1992;45: 6 492

13 Takagahara T, Takeda K. T heory of the quantum

corf inement eff ect on excitions in quantum dots of
indirect-g p materials. Phys Rev B, 1992; 46: 15
578

(Gao Wenxiu) , 1957 2
11 1990
, 1994 12
, 1996 5




