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ABSTRACT Si nanocrystals have been fabricated in SiO2 film using ion implantation followed by
high-temperature annealing. The microstructure and optical properties of the samples with different Si+

implantation doses were investigated, and the growth mechanism and light emission mechanism were
explored. The experimental results indicated that for small Si nanocrystals (<5 nm), the growth mechanism
conforms to Ostwald ripening; while for the big ones (>10 nm), the coalescence of small nanoparticles
through twinning is dominant. The photoluminescence (PL) investigation showed that the PL spectrum
intensity from the sample with an implantation dose of 3×1017/cm2 dropped by a factor of 5 compared with
that from the sample with an implantation dose of 8×1016/cm2. The correlation between microstructure
and PL indicated that the microstructural defects, such as twinning and stacking faults inside the Si
nanocrystals have a great influence on the PL intensity.
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growth mechanism, photoluminescence

����������� ! ��, ��!�

 *""��� !#� [1]. #�! $%�$&

"#���$%%&. '(# ""�)!$&*

+# )!""�'()�". #*+'(+$'�

* (%��,)�&*�+'�� 06300701�,,�-.+�*�
�� STPGP307205-04 ,---
2009 . 1 . 8 � ()/; 2009 . 4 . 22 � (/0/.

*!/"�: #00, 1$

'12���%&+1,)!""'2�3%, 3

�: 4�4#2(, 3�-.3%&4.5�#6/.

)5)��50, 5673�784�82#*13

9,))! 6'2%&$:3�;+33. 7!,'

2"9���/!%&$8*0, [2]4<*-.:
(MBE)[3]459=( (MS)[4]4:6>#7? (PLD)[5]

838*�4+�;57? (PECVD)[6] 3.5;,8

*0,&$/@8A8*0,0"8B<1CD=
9'8*0,�2�812��9:<;, 3<��



4 � 4><=:>?EF�@?=F>?@@5GHIJKLAA 3534 � 4><=:>?EF�@?=F>?@@5GHIJKLAA 3534 � 4><=:>?EF�@?=F>?@@5GHIJKLAA 353

B�M0 [7].

6BC'12��'2 [2−6] 8AD [8−10] %C

7BDN/�EE. C�, $M'12����7F

82#7'O89:$G. #D;<, $'C(+;

�12����1F Ostwald =+7F [11], EMG

'12����7FOH$H>��F; MG2#7

', #I��BP5QRGI*JJ%� (quantum

confinement effect)[12,13], K#I��B;<'12

�/#*+'SC�?K [14,15] �2#L !�2L.

G@��'12���TUV&HG'12���

�7F, AB'12�MI��TUV?K�2#3

% (4##N) �MN.

1 3456
C9C (1100 J) D, /@E*+K�' (100)

LMB< 1 μm W�X�#*+'NO. P 100 keV

� Si+ 8*0, (YI<O<: 8×1016, 1×1017,

3×1017cm−2) <#*+'X�P;. P8*0,B�
'P6, FQ;CQ;ÆZD9C (1100J) 1C

1 h, GBCR; (5%)8Q; (95%)�[\;];C

500 JR+ 1 h.

LS^%&'2HO_`C�I( SOT. J

PHOUa!P�0, T$NO�#C�Q, RL7

8%&bN< 20 μm7S,GBLGatan 691 PIPS8
8*bNTP5bN<+UPV. L�G JEM2010–

FEG U2(KWI( *%�STV'B<�'1
2�, W2 V< 200 kV, X<YX< 0.19 nm. c

 SY$Zd Gatan eL� *%I@[!WMN
(GIF). L4##NT Ar 8*Z� 488 nm #X>2

[\I'$OT�OC#Y2##N.

2 9:;<=
P 1(a)8 (b)<O�8*0,YI< 8×1016 8

1×1017cm−2 OT�]UW, \fP�7Qg�JI

> 1 ?Rh]S (a)8×1016cm−2, (b)1×1017cm−2 J (c)3×1017cm−2 Z^@^_[; ?=\>?EF

]@>?@@^T`@_UV (d); F�aJ>?EFb_i`@jÆc`@W5[ (e)

Fig.1 Dark-field TEM images of the samples with a Si fluence of (a) 8×1016cm−2, (b) 1×1017cm−2

and (c) 3×1017cm−2; (d) Selected-area electron diffraction pattern taken from the nanocrystals

embedded in SiO2; (e) HRTEM image of the interface between Si substrate and the SiO2 film
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Fig.2 EELS spectra acquired from the region

with the nanocrystals (a) and without the

nanocrystals (b)

6/W. P 1(c) �8*0,YI< 3×1017cm−2 O

T�]UW. $&b+, $#P12�<;C#*

+'(+;.Lbc *c(�'B<�12��U
VEdDAD. P 1(d) �dÆ$'C#*+'(+
;12��bc *c(P, $&LXeS[< a=

0.543 nm �'dd1. K., \L *%I]^N
(Electron energy–loss spectroscopy) ��D12��

+�A!.P *-keC$12��cf8_12
��cf<O`) *%I]^N. P 2 <'B<

� *%I]^N. P 2(a) ;�NP<_12�c

f� Si–L2,3 l, l II 8 III �ag<OC 108 8

115 eV, ��G SiO2 � Si–L2,3 l. )P 2(a) 50,

P 2(b) ,D#fl (l I), 5lahC 100.8 eV, �

�Ge Si � L2,3 l. if$&Bj, ''B�12

��!<<e'.

P 1 ;�]UWg�PbS#fcB'12�
� (220) c(m!W�. Cgk@h;, '(M�7

ldmÆi 〈110〉 �l (P 1e). P 1(e) �'(M8

#*+'NOSC�9<YW, $&b+cSCn#

o, H$n+. eG'12�C#*+';�L�n

f, CjP 1(a) 8 (b) ;$&b+, '12�/P

<;0Nho. C0,YI< 8×1016cm−2 �OT;

(P 1a), '12��ihpj< 3 nm, Ld2�<

75±5 nm, 12�P�W�< 140±10 nm. �G0,

YI< 1×1017cm−2 �OT (P 1b), '12��i

hpjg��/, < 3.3 nm. '12�kd+UC

8AC 70±5 nm �2�k, 12�P�W�< 140±
10 nm. iP 1(c) $&lhlb+, '12��Ld

2�< 50 nm, 12�P�W�< 240 nm. 12��

mn9:C 2–22 nm qp, o/P<;mho, n9

i<;: pj9:�mnk, ;p9:�mn,.

&QUqAG: lC0,YI��r, '12�

�Ld2�rsDt, E12�P�W���. "�

iGC8*0,@h;8*=(MND0,8*2
��<;. 8*0,�HO$p9MN: =( (sput-

tering) 8qs (swelling).  STVUqAG, 8*
=(�HOL/!2L.

L9<YI( *%�� (high-resolution

transmission electron microscopy) ��D'12�

���7F. �8*0,r�No (≤1×1017cm−2)

m, '12�pt�9<Y SPW�P 3(a) '&.

$&b+: pm'12��9:gPG 5 nm, 5;

SQg�12��7l< [110] �l; '12��u

DusGtu, oH$�TUV?K. �G$'G(

+;�12�, 5�/@h/S1F Ostwald =+7

' [11], /@su12��v*vnEd.v\c7F

���12�, 5uD,ntu. �GNo8*0,
r�Eu!�12�, 59:NPouDntu, A

G5��7Fv\ Ostwald =+7F. �8*0,
r�N/ (>1×1017cm−2) m, '12��/P<;

mho.  STV2U, N/�'12��ipfw

,fP��nA!�. P 3(b)8 (c) �pwpt�N

/'12��9<Y SkP. P 3(b) '&�'1

2�9:h< 12 nm, �n�7lh< [110]. c12

�i 4fP12�/@w�u!�, 9��uD<o
C�, CP;d0< I;�n II8 III /@w�U\C

9�� (111) CQ, E�n IV x/@w�<O C

�n II 8 III Q. E>TV2U, C�n II ;$Pq

rC, d0< SF. O$&b+: coC�� (100) C

QH$xCP�n, '$�P�ng�/@ (111) w

�C uC#L. P 3(c) �K.#fÆ\B�'1

2��9<Y *%�W. c12��9:h< 22

nm, 10 fP�n�7lh< [110]. " 10 f�ny

g�/@w� uE!�, w�C< {111}. �n 1,

2 8 3 A!Dp w� (triple twin), &!8TV<

"9p w��UV.

�N/'12��9<Y STVAG: '$�

P�ng�/@ {111}w� uE!�, "9Vt)

��ACÆi%$M. Cx%UV�'�� [16] ;,

(111)C%IFo (γ(111)=1.23 J/m2),E (100)C�
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Fig.3 (a) Typical HRTEM image of Si nanocrys-

tals produced with low implantation dose;

HRTEM images of the bigger nanocrystals

formed with high implantation dose, the co-

alesced nanocrystals showing the attachments

of small particles to {111} facets of a tetra-

hedral nanoparticle (b) and an approximate-

diamond-shaped nanoparticle (c)

> 4 xwy@?Rh]@xZ@}LLa
Fig.4 PL spectra obtained from the samples with

implantation doses of 8×1016 Si+/cm2 and

3×1017 Si+/cm2, respectively

%Ig/G (111) C�%I (γ(100)=1.1γ(111)). "

$&$y<z|'$�P�n uC (111), Em�

(100)CQ.K., n^xuD�12��ACCÆ\
@h;'L�2L���B|~{�#�. �#|y

D���}� [17] 8}~7}~ [18] gAG, ^xA

C�+U$&b~Æ\�@h. G@TV<� (100)

CHzD12�E#{Æ\, $&$yÆ\B�12

�,[n���uD, EXtu.

f.,�8*0,YI< 8×1016 8 3×1017cm−2

�OT�2#3%EdD�0, [)5�TUVEd

DM�. P 4 <pfOT�4##N. iP 4 $&b

+, 0,YI< 8×1016cm−2 OT�2#4��0,
YI< 3×1017cm−2 OT�2#4�� 5|. C0,
YI< 8×1016cm−2 �OT;, '12��ihpj

< 3 nm, �cOT;p}m'12��9<YTV

H$2U$�TUV?K. lC8*0,YI�E#
{�/,12��I�,, mn9:~/, �m+UD

�TUV?K (/!�w�8Pq), .YD2#3%

��+. C0,YI< 3×1017cm−2 �OT;, pj

/G 5 nm �'12�;rC/I�w�8Pq. "

AG�TUV?K (w�8Pq) �rC�'12�

2#4��MNn/.

3 9 =
NP'12� (<5 nm) ���v\ Ostwald

=+7F, N/12� (>10 nm) x�i,fP

12�/@w�A\wÆ\E!�. 8*0,r�
< 8×1016cm−2 OT�2#4��8*0,r�<
3×1017cm−2 �OT�2#4�� 5 |. '12��

MI�TUV?K (�w�8Pq) �4#4�$n
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