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Abstract: As one of the nanostructures of the most important elemental semiconductor-silicon, silicon nanocrystals have
attracted great research interests given their remarkable optoelectronic properties and environmental friendliness. In the past
decades, tremendous work has been carried out to understand the quantum confinement effect, surface effect and doping
effect of silicon nanocrystals and to modify the electric and optical properties of silicon nanocrystals for the purpose of appli-
cations in printed electronics, silicon-based optoelectronics and biocompatible high-performance optoelectronics. Up to now,
typical optoelectronic devices based on silicon nanocrystals including solar cells, light-emitting diodes and photodetectors
have been successfully fabricated. The paper summarizes the recent progress obtained on the investigations of the synthesis,
properties and optoelectronic device applications of silicon nanocrystals. In addition, we outlook the perspective of silicon
nanocrystals with desirable properties for high-performance device applications.
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Fig. 1 TEM images: (a) porous silicon formed by stain etching procedure (insets show the SAED of porous silicon) 12/ | (b) silicon

nanocrystals embedded in SiO, matrix ( insets show the high-resolution TEM image of a silicon nanocrystal and the SAED of

silicon nanocrystals) 1) | (¢) freestanding silicon nanocrystals (inset shows a colloidal silicon nanocrystal solution) 1]
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Fig. 2 Schematic of the nonthermal plasma system for the synthesis of B- and P-doped silicon nanocrystals (a), model

for the doping of a silicon nanocrystal in nonthermal plasma*®!(b)

3 REMRBIERIMER

3.1 EFRERM

XTSRRI/ N T T DR AR
SR SRR AP 37 BOREAR (ay) W93
AR (3) PR

ay =i2€|:1 +i:| (3)

A WEYTEHEE, ¢ WASNEEE, ¢« R TH
e, om O H AU, m, s O RO R N ok
Ui, HBEFURERA R S nm, Y i ARREE R RSF/NT 2
FER TR AR (29 10 nm) B, {3 23 BA & BRIAL
B, S BOEELA K b (A PR O Rk T i TR TR
SBIONE, BRI HR BEE T (R T RIS 00 s B
SERIPRE, FREH A5 i JFOR A 3% SE REAE O ML I)
ZAEGL, [IRTEES R 2 W 1~3 DRCrREg, Wik 3a v

bulk
\ --

Energy

Quantum
. dots ®

Density of States

AR BB REACK IR RGN, HEREA & R
g, PIUHAR SR (E, ) BEAE 91K S AR RT B98N iy 1
K, W 3b R EE IR T R Rk
KA E, BERST (d) B980T LA 3 HI A 28051 i
LICEMA) IS HATILE, nx(4) PR .

E,=E, +Ad” +Bd"' (4)
Horb B AR RIESAT SERE (1012 V), A FIB Jwsk, i
X RSE 2~ 10 nm BREGK SR EAT 1 E, W LIAS 5
AR B3R 2.58 F10.83 eVeonm™ o M4, Buuren iz [30]
WM, REYPOR SRR E IR RN m R S
RS, I AR SRR R R B SRR Y
Pifs, B AE,, = 2AE,,,

TEREGUR AR, BRI O TS M RUE B )R
(R R N T e e by NN R U S e e
-2 PO AT —E R LT E R TS 5T L
W B ESFE L, REGR SR EAT 05 a2 Wik

Beard et al. 2007, Nanolett | D |
Delerue et al. 1993. PRB

Hessel et al. 2012. Chem Mater
Jurbergs et al. 2006. APL
Ledoux. et al. 2000. PRB
Mastronardi et al. 2011. Nano lett
Neiner et al. 2006. JACS
Pettigrew et al. 2003. Chem Mater
Rosso-Vasic et al. 2008. Small
Shirahata et al. 2010. Small

> Li et al. 2013. JACS

Teh et al. 2009. Z Phys Chem
Tilley et al. 2005, Chem Comm

1e8vVIAXKDODD

Hessel et al. 2007 JPPC
Yangetal. 1999. JACS
‘Wen et al. 2015. Sci Rep

00 @ # &

This work
— EMA Fitting

RS =)
2 2 I N N

8 10 12 14 16 18
Diameter (nm)

P 3 i T BRARAION X RS K A RE R A A [P (a) , REGUK SRR 58 BRI E (L SC R IETS (b)

Fig. 3 Influence of the quantum confinement effect on the band structure of a silicon nanocrystal' ! (a) , dependence of the bandgap of

silicon nanocrystals on their sizes' 33/ (b)
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Fig. 4 Schematic of the electron tunneling through an energy barrier formed by the coating of a silicon nanocrystal (a), PL quantum yields

of dodecene-hydrosilylated and hexene-hydrosilylated silicon nanocrystals with different sizes (b), dependence of the PL quantum

yield of dodecene-hydrosilylated silicon nanocrystals on nanocrystal sizes (¢), dependence of the radiative and nonradiative recombi-

nation rate on the bandgap for dodecene-hydrosilylated silicon nanocrystals 1 (d)
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Fig. 5 PL spectra of P-doped (a) and B-doped (b) freestanding silicon nanocrystals*
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il Hiller 5V B, FEMI#5 24 vk BE A IRl fi 5 14 58
AR AR RDCECRO LR, B ATTIA A XL i TR
JE B RIAE 2 REAE AL REQOK S AR T A B e

BIARALRENS BAE REANOK i R RO LBUROESRIE , i
REAG I 1Y RO, 18 S BB AL i Bt T A AL RE
PR A A SR ATE I L AL I B DL B . AL TR
BABIREDUK AL A, BHEZRIEESOR AR 297 1200
nm Ab HBDCECR G, R E — i [ N BE R 2k e
FERGRERITHGTR ", RO BB 25 | AR 28 AR L5 &
MEBUR I, MR RS o B — PR R T R
W1, BEBASTEREY K MR P 5] ASE T S I 19 2 T e
e, It HIARBURE LS N A R L REANK iR
s v A2 URIE Y L el st O AR G R R R AR T I
BOZRRES , HEMAM A TR A 25 X2 G, RN L4
DB, W Sd TR, Ak, Fujii 0 BF5EERMT, 6
BB I B REDR i A B A BRI, IF R
JCWE B 45 F ¥k 0 90 oK i 1R RS /9 22 B AE 0. 85 ~
1.8 eV Z [ A] I, SCBe MBS TR 45 R R I A wk it 2
AR TEREDAR AR B A A7 TR S IR B 30 23501 5 A 2
FEERES, IR R O e ™ = i T2 2R
Jith = RE LR 437 B 2 BE I R 1) 48 2 TR JEE B ek A K A R
SRR AE AL, PR IHRE A4 K i PR A R 6 I AR ST 21
F A WGP BT

Jr B T 45 B TR (LSPR) 240K Ak b [ h 4%
PSRN IHRER, ElE E4dFREeRE (e m
B BIGK AR AR AT & B LSPR RN B AE7E T
gk SRBHR R X B T AR MR SRR 5
KR B LSPR PERERY ) Z R R (] 6a) 7, 2013 4F
Rowe %5 ™ IRIESE T #EB 24 UREAN K R B A LSPR 2L
Ii, [ 6b BT R SF250 6.5 nm RIS 24 A RE9H K &
K1Y FTIR B, AHEETARB M REDOR TR, BEE40
FELA K A IARAE AP 2T AP X 888 (0. 07 ~ 0.3 eV) Hi 30 4R 17 i
W | LU A 2 W BT (R 18 KT W5 7%, 2015 4E/E & IR
FIZH Y A Kramer 251 ZE 00 . 45 2% 10 1k 9 K & AR AR
WMELF T LSPR 3w, F 6¢ Bon T RS2 7.5 nm A
B RREAK SRR FTIR [B5%, 0B 445 ik Sk 7E
FRZT AN B T I O SR W R 4 BIAR 1 4 K
AR AL, B A REGK S AR LSPR RE Al AT LT A
JH Drude FEHIFEIA | ﬂﬂfﬁ(5)ﬁﬁﬂ?[ﬂ :

Neé' N
hw“"’ = hx/a()m*(f,‘gc +2¢e,) -r (3)
X N HERERTHRE, e VR THE, s NVESN
HHEE, m, TS XA YT E, o, WEEGIK T
KT LR, &, =1+10.7/(1+(1.84/d)"") (d
REEGUK SR HAR ), e NABEAHE L, T bk
ToT W, MR IR s £ B



498

AR

537 &

BB 22 B S R IR AR, [R5 4 1 Rk N
KRB TP R A, R A RS T A R
TS REGUK AR Y LSPR PERE, BEAb, 1R R84 A
o B SH I B ( tight-binding ) BEIE BT 58 T R ~F &R Xt 48
FEEAK S i LSPR PERERYRZ I, 5 REW . MEB
Ik g oK b AR RS s/l LSPR BE & i B
(nE 6d i) . [EE, XFFRSER 4 nm DLERREGIK
s, HNERE AT 10 MR T A S 7 4 LSPR

RN o AR URBTZH HE M AE SC 0 h 30 IE T 8 2 fE 9K A A
() LSPR RE =B ) AR (LA S & 6e S A ] R
AOTIB 2R A RE AN K SR Y FTIR 3%, IR A LA 1
B 5 ek K A R RH /s, H: LSPR B T 5 6
TS HE GOK AR 1 RST AR B /N (129 2.4 nm) , EA
FEEA LSPR RN, 3X J2& T /N RS 1 ik 40 oK iR 2L
e NPT i (ST I G N E G I i e 8 AR T
IR & EREK

a]

Incident light .
- L

+ L0

NV

Incident light

Normalized absorbance (a.u.)

v.CH

B:31%(4.9x10™)

Absorbance (a.u.)

3,000 2,000

Wavenumber (cm™)

35

T T T T T
5000 4100 3200 2300 1400 500

Wavenumber (cm™)

1,000

3.0+
25+
201

E

151
101

Plasmon energy (eV)

0.5

le]

B: ~17%

Intensity (a.u.)

0.0 bt
10 15 20 25
Dopant concentration (%)

0 5

30

35 4000 3200 2400 1600 800

Wavenumber (cm™)

B 6 WRBEHBA: IR AN LSPR /R EEIE (a) , BB (b) MBS (o) MIREAK M AR FTIR B 52 RRISH B2
JRIBEDK A Y LSPR W BB 2R EM AL R 1TV (d) , ARSI TIB 24 M EE DK SR FTIR FEPY (e)
Fig. 6 Schematic diagram of the LSPR of B- and P-doped silicon nanocrystals (a), FTIR spectra of P-doped (b) and B-doped (c) sili-

con nanocrystals' )

, relationship between the LSPR peaks and dopant concentrations for P-doped silicon nanocrystals with differ-

ent sizes' ) (d), FTIR spectra of B-doped silicon nanocrystals with different sizes ! (e)

4 FEMAKSEEES RSP A

FEGK S A T B RR O E RRE | TCREME DL K
B REREAE BT 2 R s, seRens ) iz i T
RO, WNCAZAERE S AR T BT
W ORBHREE R RO BT A R
B LU A8 R RE AN A K B RE
M, KOG ARAE (LED ) R HL R0 A5 55 016 L A F v i
IS BE R RIR 5
4.1 FEANK &R 14 7 KPR BE FE it AP Y R A

FUR, R0 0K fib A DA FH B R 1t v 39 B2 2 247 L
TR, — Bl R ik 24 0K it (A () 88 7K 15 1 Gt ot (A

RBARERLIES 5, T 24 DK it A ey i 2 59 0 5%
A AR R PR R ™ 53— R R ARG OK
AR AR A5 A BHAE BT, A 0 0K b (A B ik 7 A
BT EAREE SRR AR EE Y AR PH AR LT REAK
AR PRH R LR AAE LI s RO A IR A YR L
APHAEHL M 5 kAR SRR B4 T 2 (LK BH AE
AR N

XA GE A AR RE R FHAE AL, 2 m HBCR iR 2
— A 1 5 DL BT B B G A A I S B R LA AIOE Y
B 2011 4R, AEE DV RS 2070 3 nm BHEA K
PR BT S PR T o T IS S8 K 3l e ik 14 7 AR 22
FERFARER MR IO T — 2 REAOR S A, (I



57

BUBREAT . REAAR AR 4 | PR S AR e R P A B

499

MR 16. 9% 4R & F) 17. 5% 7, 3% F B EREG K ik
SRR AU S VE PR o 1 R b SR (A&l 7 R ) o B
Vi AL ) FH Ak e o A A Tk 490 K 1 T 5 Tk AR K
A MR A4 1k 7 HR St 2 1T AR A K A
iR FHBE R RO 17. 2% 388 B T 17. 5%, I EE
YK SRR BT T A R R A D s A R G TR R o T R
WRCRA R,

WAAAL
N 1

K7 FRMGEN T REGR S A A 2 G RE R FHRE R /R BB IR . K
PH 9 A% 1 R 24 K i ) A3 4 @tk A 2 e K
FHAER M, W0/NARAr 2 WRE K S RN R S 11 25
TENGG B I KO 2l 9 oK A ARSI A i @, KT
FEAL AR WA A6 GHE A 22 ik A BH A 3 o 17
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Structure diagram (a) and the dependence of the responsivity on the illumination wavelength (b) of a silicon-nanocrystal-based pho-
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, structure diagram (e) and the dependence of the responsivity on the illumi-
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