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Abstract: B-doped Si nanoparticles were synthesized by using inductive coupled plasma and specially
designed double tube reactor, and their microstructures were investigated. 0~10 sccm of BoHg gas was
injected during the synthesis of Si nanoparticles from SiHy gas. Highly crystalline Si nanoparticles were
From SEM
measurement, their particle sizes were approximately 30 nm regardless of BgHs flow rates. From SIMS

synthesized, and their crystallinity did not change with increase of BoHg flow rates.
analysis, almost saturation of B in Si nanoparticles was detected only when 1 sccm of BoHg was injected.
When BoHs flow rate exceeded 5 sccm, higher concentration of B than solubility limit was detected even
if any secondary phase was not detected in XRD or HR-TEM results. Due to their high electronic
conductivity, those heavily B-doped Si nanoparticles can be a potential candidate for an active material in

Li-ion battery anode.
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Fig. 1. Schematic diagram of double tube reactor with
inductive coupled plasma antenna.
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Fig. 2. Process flow chart for a synthesis of Si

nanoparticles.
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Fig. 3. XRD patterns of Si nanoparticles synthesized
with (a) 0, (b) 1, (¢) 5, and (d) 10 sccm of BoHs flow
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Fig. 4. (a) TEM and (b) HRTEM images of Si
nanoparticles synthesized with 10 sccm of BoHs. Inset in
(a) indicates its electron diffraction pattern.

& & Qo A dor = A4S e HdEE

Y=ol BS =337 93t BHe7b2& F=3

A =2 444 E e AgE JYedxd 444 Fig. 5. SEM images of Si nanoparticles synthesized with

o] & W3l glo] BS =3E & AT (a) 0, (b) 1, (c) 5, and (d) 10 sccm of ByHs flow rates.
4= Az Ao 2A4Tx2E Ry AA ]

g3l ¢ UYx=YAe] TEM o]u]X|o]il, (b)= Table 1. Atomic ratios in Si nanoparticles synthesized
| 3tye] HR-TEM oluA| & YEeldY. (a)9] 4 (@) 0, (b) 1, (c) 5, and (d) 10 sccm of BoHs flow rates.
T Yx=gdxte] dAxsd sdds xeitt a7 4(a) Unit: Atomic %
=
(e}

o
-

oﬂ}\‘] P—O]'E‘ \:]]—9,]_ Z:J-O], ?—6(:)]94 Oa]t:’j' ?ﬂ]x}%i O] Sample @ ®) © @
2old 9lan, 1 9AFe] 7| HieF 20~30 nm A |demen

% L]—E]-lﬂjl th_. :La:ﬂ El":‘%;l{?_]_' ‘%]:rL_% aéﬂ]% @‘_ Si 46.93 49.81 73.64 67.32
Q@ & oA ok ue Ee WAL v LA R e
U 2% 4Bl A Hol: whel o], M#E wal 9 B - i 0 >
} )

A AelE GegAe A71E At Ao A A
oxide)olth., B, A WML W FAW AY % WSIA Tahzel o) AFADG R Feze)
AE 9T 5+ AL, 4 A% Adzel (A1) Al SiHEAe Bl &tk B =3d
A4l A% & 5 AU GA AFAR vheh g HZ e FolE, F9E BHedl ol
o, AelE QA AR Az A Eezehe] W WA @ob AF A R SHEAS BeF wspe] 2
%ol o8l ARHM, BAsA oAskh 300 Wel 4 AP FAE B F%o) 4% glol v JEE
AH AzZE YAES 0~10 scem®] BHy #9%ah 2 Bol ®FE A At AxHtn
Tasl e A44L Ztdt A4S ¢ & A9 #uHn 4] AneRE, BHol: §3%e Fhe
O omd Az GRS BE 9924 (single 94 2710 GFE WAL ARAL 2 Pl 2
crystahel A& & F A9k Qe FAE gob Febzvh gl e Hel

a9 5t BY B4 2ANM B §3& wsh ol YAHo] Tekzeh WEE REAOR FaA
AA G AYE tmde] SEM olulAolth, 74 thu @AehE 2 gdow Aesn 9x 8eg @
2o ARE Af FAF F4E dehiel, gF 2 5 AU
71+ (a) 31.28 nm, (b) 32.44 nm, (c) 3157 nm, (d) ATz #EE FAAe Ay vH=dH

3
30.64 nm=, BHe7}~
ZFol= Holx ka1 9l

KN

=
o] Z/tEtt A 2 B EARE AT F U3
o B i
=] = AR LS
fFrEdd Fehxotel o] T3 WETIE ol &8t A%



666 J. KIEEME, Vol. 27, No. 10, pp. 662-667, October 2014: C. Jung et al.

15102 10° of wel Al Bo] =RHASS Az, A
g2 AE el Hd e = nEE =
10 1@ Fhsshrhs A o & A9k
§ 107 " 11o’§
% 10" ﬁ,L 11063
3 z 4. 4 B
§ 10"y 110°§
8 o] | 158 wkg7lel ICP Asdl g oldake] By}
2 29 FRE vdeA WIAA, B =8 HeE v=
10”0 " os00 000 1500 2000 2503303 PAES ek, AT dmdAe] AT E, vA
Sputter Depth(nm) Tx %2 B =3¢S 2AEIY Y. BHe b9 F 3%
= A Be Az v & wf, dAe] AA
Fig. 6. Depth profiles of atomic concentrations of Si “d< FTet=nle] "Xk o) AAH}. Eet=v 4
nanoparticles synthesized with (a) 0, (b) 1, (c) 5, and (d) =+ Q79 A3} 7}~ FZo o ZAATE=H),
10 sccm of BoHs flow rates. HAEo] 300 W2 23 BoHg7b2=9) £-3o] Wy 9 s
= AAdo]l FAHNSES XRDY TEMS Sl &
A = A, o] AdE I BHe7bo FHW
X 12 7 Alg9 EDS #4& F3l, vx=dAte 37 AEE Yxedxe 2A4A & 9¢FS 74 &
BEs wAT Aot deles wE ARcA B gee o £ g9l SEM #4& Bl 2 AR
A, g Tl AR HolA 4tk B gyel 2 Ao)vt glee ol on, B.HgbAo
& BoHe7b29] F9FS 5 scem ol WS WHEH  gero] et} dxgte Qme] glo] & Aol B
130~3.08 atf%E &R1T 4 U3, A2(0) FA ojx gt} o2 Ea, BHyb: el ZbE ¢
25.06~53.07 at%= SAAHA=HE, oA A B 3 Fo)o GFS vHE= AFAZ L EQd= =2
A FAAA TV Foll =FE Y97 Add oo nxx Rai 9o o 4 99tk EDS 4
shatell 7]R1g Aotk &, BoHe’b F3Fo] A4 & mm Be %= #olsagm, AL AL 93
7hghell whek Bo] o] wAHom FUFEACER, q\S BAS Zgstdon w3 83 %7t BHy A
THE BoHg7bngoll olEAelehal & 4 Stk B3 o guko] Zo)st] uwlel axpdow ZrEglar, F
# Bel A% Z4& fd SIMS #4& FHFAT. o mgaA oA doHgdth mesA o] Ao
SIMS w4i= sistel, I Ao he=sids & we Bo) 234 EE= e Pz E4 ord o
Aol T B F, 60T A ddeld g =spdol Ayt e Eolof 3 Aot}
9ol whEste] Wojme] z}zbeo] Al S FH|8SIH
a% 68 BHe7b = TS WA 7IHA A g
A2 Yedxz2 FE3 do] FAo g A & ZtAle| 2
A Aaolnt. (a)¢] B BoHe7b27F FHEA &3k o
B2 ged Adzd dYse 10° sl &E F p age amduAseaTae Fa Ao
A g AL, (b-d)e 45 BHe7b 1~10 scem F =88k A 390t} (B4-2443-02).
ol wal 109%71% &xHow Zrbskgn

(Ao 45 A8 W B &9 Ho &= 20 x

10°  atoms/cc  oldolltt [19]. &kAwk,  XRD, REFERENCES
HR-TEM #2] ZA3olA Hd &= o] HE

(B)o] 224 = thE FH RS EA4 R HAE
2 erokrh. ool digh F7F A e

e 9o #4S T3 Bel =3E AHEE v
A2 A zsd 9o BHe7bA7F 1~10 scem F<

] [1] T. Trindade, Chem. Mater., 13, 3843 (2001).

o=z # [2] H. Weller, Curr. Opin. Colloid Interface Sci., 3, 194
Q (1998).

= [31 J. R. Heath and J. J. Shiang, Chemical Society

P

H



A7 A A 783 =8, A27A A0S pp. 662-667, 20141 1049

Reviews, 27, 65 (1998).

[4] S. Oda, Adv. Coll. Int. Sci., 31, 71 (1997).

[5] D. K. Ferry, H. L. Grubin, C. Jacoboni, and A. P.
Jauho, Quantum Transport in Ultrasmall Devices,
(Plenum Press, New York, 1995).

[6] R. W. Collins, C. C. Tsai, M. Hirose, F. Koch, and
L. Brus, Mater. Res. Soc. Symp. Proc., 358 (1995).

[71 M. J. Kelly, Low-Dimensional Semiconductors,
(Clarendon Press, Oxford, 1995).

[8] L. Mangolini, D. Jurbergs, E. Rogojina,
Kortshagen, J. Lumin., 121, 327 (2006).

[9] A. Gupta, C. Schulz, and H. Wiggers, J. Opt. Adv.
Materials, 12, 518 (2010).

[10] B. Y. Jang, J. C. Lee, and C. H. Ko, J. Korean
Phys. Soc., 57, 1029 (2010).

[11] J. P. Conde, P. Alpuim, and V. Chu, in Mater. Res.
Soc. Symp., Proc. 715 (eds. ]J. R. Abelson, ]. B.
Boyce, J. D. Cohen, H. Matsumura, and J. Robertson)
(Materials Research Society (Pittsburgh, Pennsylvania,

and U.

349 5 667

2002), p. A3.1.1-A3.16.

[12] F. S. Feng, C. W. Liang, and D. Tseng, J.
Electrochem. Soc., 141, 1040 (1994).

[13] C. Song, J. Xu, G. Chen, H. Sun, Y. Liu, W. Li, L.
Xu, Z. Ma, and K. Chen, Appl. Surf Sci., 257, 1337
(2010).

[14] A. Gupta, C. Schulz, and H. Wiggers, J. Opt. Adv.
Materials, 12, 518 (2010).

[15] K. Murakami, International Symposium on Manipulation
of Atoms and Molecules by Electronic Excitations
(ISMAMEE, 2002).

[16] M. R. Scriba, D. T. Britton, and M. Harting, Thin
Solid Films, 519, 4491 (2011).

[17] P. Ling, L. Kok-Keong, J. M. Redwing, and C. D.
Elizabeth, J. Crystal Growth, 277, 428 (2005).

[18] H. K. Lee, B. Y. Jang, C. H. Ko, J. C. Lee, and Y.
K. Park, J. Nanoscience and Nanotechnology, 11, 1
(2011).

[19]1 R. Hull, Porperties of Crystalline Silicon, INSPEC,
EMIS, 20, 620 (University of Virginia, USA, 1999).



