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Tunable p-type doping of Si nanostructures for near 
infrared light photodetector application 

Feng-Xia Liang,a Deng-Yue Zhang, Yi-feng Zou,b Han Hu, Teng-Fei Zhang,b Yu-
Cheng Wu,a, * Lin-Bao Luob,*  

In this study, we present a simple oxide assisted p-type doping of Si nanostructures by 
evaporating a mixed powder composed of SiB6 and SiO. It was found that Si nanoribbons (Si 
NRs) which can be obtained at high SiB6 content, will give way to Si nanowires (Si NWs) 
when the content of SiB6 in the mixed powder was reduced. According to our transport 
measurement of field effect transistors (FETs) assembled on individual Si nanostructures, the 
as-prepared Si nanostructures with different boron doping levels all exhibit typical p-type 
conduction characteristics. Additionally, the electrical conductivity of the Si nanostructures 
can be tuned over 7 orders of magnitude from 8.98×102 Scm-1 for the highly doped sample to 
3.36×10-5 Scm-1 for lightly doped sample. Based on monolayer graphene and the as-prepared 
Si nanostructures, we also assembled a nano-photodetector which exhibits ultra-sensitivity to 
850 nm near infrared light (NIR) illumination with ultra-sensitivity and nanosecond response 
speed (τrise/τfall: 181/233 ns). The generality of the above results suggest that the Si 
nanostructures are promising building blocks for future electronic and optoelectronic devices 
application. 
 

 

 

 

 

 

 

 
Introduction 
Silicon (Si) with an indirect narrow band-gap (~1.12 eV), has been 
central to numerous technological innovations for decades and 
remains to be the irreplaceable materials for semiconductor 
industry.1, 2 In comparison with their thin film and bulk counterparts, 
one dimensional (1-D) silicon nanostructures with large surface-to-
volume ratio including nanoribbons (NR),3 nanowires (NWs),4 and 
nanotubes (NTs) have exhibited various unique properties in terms 
of light harvesting and carrier transport.5, 6 By this token, Si 
nanostructures have been lately widely used as building blocks for 
constructing various electronic and optoelectronic devices, such as 
field effect transistors (FETs),7, 8 near infrared light (NIR) 
photodetectors,9, 10 solar cells, 11, 12, 13 lithium ion batteries,14, 15 
thermoelectric devices,16, 17 chemical or biological sensors,18, 19 and 
so on. 
Needless to say, the fabrication of 1-D Si nanostructures with 
controlled diameter, length and electronic properties are essential to 
the above nano-devices application. Thus far, significant efforts have 
been devoted to the development of facile and controlled methods 
for SiNW fabrication in recent years. In principle, there are two 
basic methodologies for Si nanostructures, i.e., the top-down (metal-
catalysed chemical etching,20 and reactive ion etching,21 etc.) and 

bottom-up approaches (oxide-assisted growth (OAG),22 vapour-
liquid-solid (VLS) growth,23 and solid-liquid-solid (SLS).24). In 
order to tune the electrical properties of Si nanostructures, people 
normally employed conventional doping method, namely, 
intentionally incorporating impurity atoms into the host lattice of 
silicon crystal to control the density of the free charge carriers 
available in the semiconductor nanostructures, which determines the 
operation of the Si based nano-devices mentioned above. Take p-
type doping for example, Cui et al initiated the first p-type silicon 
NWs by developing a laser-assisted catalytic growth method.25 
During growth process, boron atoms were incorporated into the Si 
nanostructures by using diborane (B2H6) in the reactant flow. 
According to their electrical analysis, the boron doped Si NWs had 
good crystal structure, with tunable electrical property. What is 
more, Lew found that trimethylboron (TMB) can also be used as 
efficient p-type dopant source.26 It was found that the as-fabricated 
SiNWs were predominantly single crystal, with controlled boron 
concentrations. In spite of these efforts, it is undeniable that these 
gaseous dopants either in the form of B2H6, and B(CH3)3 are 
extremely toxic and flammable, which is environmentally 
unfriendly. As a result, their further application was greatly 
restricted. Herein, we present a new synthetic approach to the 
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Conclusions 

In this work, we reported on a synthetic approach to silicon 
nanostructures with controlled boron doping levels by a thermal 
evaporation of a mixed powder of SiB6 and SiO. It is revealed 
that the morphology of the product is mainly determined by the 
content of the SiB6 in the mixed powder. Field effect transistors 
(FETs) analysis shows that the as-prepared Si nanostructures all 
exhibit typical p-type conduction behaviour. The hole mobility 
and concentration can be readily tailored by the adjusting the 
content of SiB6. It is also found that by tuning the content of the 
SiB6 in the mixed powder, the electrical conductivity of the Si 
nanostructures can be tuned over 7 orders of magnitude from 
8.98×102 Scm-1 for the highly doped sample to 3.36×10-5 Scm-1 
to lightly doped sample. What is more, we observed that the 
Schottky junction composed of monolayer graphene/individual 
Si nanostructures exhibit ultra-sensitivity to 850 nm NIR 
irradiation with excellent spectral response, and fast response 
speed (τrise/τfall: 181/233 ns). We believe the present Si 
nanostructures with controlled electrical property will have 
potential application for future electronic and optoelectronic 
devices. 
 

Acknowledgements 

This work was supported by the Natural Science Foundation of 
China (NSFC, Nos. 51172151, 21101051), the Fundamental 
Research Funds for the Central Universities (2012HGCX0003, 
2013HGCH0012, 2014HGCH0005), the China Postdoctoral 
Science Foundation (103471013), and the Natural Science 
Foundation of Anhui Province (Grant No. J2014AKZR0036). 
 

Notes and references 

a School of Materials Science and Engineering and Anhui 
Provincial Key Laboratory of Advanced Functional Materials 
and Devices, Hefei University of Technology, Hefei, Anhui 
230009, P. R. China Email: ycwu@hfut.edu.cn 
b School of Electronic Science and Applied Physics, Hefei 
University of Technology, Hefei, Anhui 230009, P. R. China. 
Email: luolb@hfut.edu.cn  
Electronic Supplementary Information (ESI) available: Digital 
camera pictures of the as prepared silicon nanostructures 
(Sample A, B, and C), digital camera pictures and SEM images 
of other products obtained in the ratio of 1:0, 1:4, 1:6, the 
synthesis of monolayer graphene, Raman spectrum of the 
monolayer graphene. I-V curves of the monolayer 
graphene/silver paste contact, and Ti/Au electrode/Si NW 
(Sample B) contact. 
 
1. S. M. Sze, Physics of Semiconductor Devices, John Wiley 
& Sons: New York, 1981. 
2. Y. Cui, and C. M. Lieber, Science, 2001, 291, 851-853. 
3. W. Shi, H. Peng, N. Wang, C. P. Li, L. Xu, C. S. Lee, R. 
Kalish, and S. T. Lee, J. Am. Chem. Soc., 2001, 123, 11095-
11096. 
4. J. S. Jie, W. J. Zhang, K. Q. Peng, G. D. Yuan, C. S. Lee, 
and S. T. Lee, Adv. Funct. Mater., 2008, 18, 3251-3258. 
5. E. Garnett and P. D. Yang, Nano Lett., 2010, 10, 1082-1087. 
6. L. B. Luo, X. B. Yang, F. X. Liang, H. Xu, Y. Zhao, X. Xie, 
W. F. Zhang and S. T. Lee, J. Phys. Chem. C, 2011, 115, 
18453-18458. 

7. J. Goldberger, A. I. Hochbaum, R. Fan, and P. D. Yang, 
Nano Lett., 2006, 6, 973-977. 
8. C. Celle, A. Carella, D. Mariolle, N. Chevalier, E. Eouviere, 
and J. P. Simonato, Nanoscale, 2010, 2, 677-680. 
9. O. Hayden, R. Agarwal, and C. M. Lieber, Nat. Mater., 
2006, 5, 352-356. 
10. L. B. Luo, L. H. Zeng, C. Xie, Y. Q. Yu, F. X. Liang, C. Y. 
Wu, L. Wang, and J. G. Hu, Sci Rep., 2014, 4, 3914. 
11. K. Q. Peng, and S. T. Lee, Adv. Mater., 2011, 23, 198-215. 
12. L. Tsakalakos, J. Balch, J. Fronheiser, B. A. Jorevaar, O. 
Sulima, and J. Rand, Appl. Phys. Lett., 2007, 91, 233117. 
13.M. D. Kelzenberg, D. B. Turner-Evans, B. M. Kayers, M. A. 
Filler, M. C. Putnam, N. S. Lewis, and H. A. Atwater, Nano 
Lett., 2008, 8, 710-714. 
14. C. K. Chan, H. L. Peng, G. Liu, K. Mcllwrath, X. F. Zhang, 
R. A. Huggins, and Y. Cui, Nat. Nanotechnolol., 2008, 3, 31-35. 
15. A. Magasinski, P. Dixon, B. Hertzberg, A. Kvit, J. Ayala, 
and G. Yushin, Nat. Mater., 2010, 9, 353-358. 
16. A. I. Boukai, Y. Bunimovich, J. Tahir-Kheli, J. K. Yu, W. 
A. Goddard, and J. R. Heath, Nature, 2008, 451, 168-171. 
17. A. Yusufu, K. Kurosaki, Y. Miyazaki, M. Ishimaru, A. 
Kosuga, Y. Ohishi, H. Muta, and S. Yamanaka, Nanoscale, 
2014, 22, 13921-13927. 
18. Y. Cui, Q. Q. Wei, H. K. Park, and C. M. Lieber, Science, 
2001, 293, 1289-1292. 
19. L. B. Luo, J. S. Jie, W. F. Zhang, Z. B. He, J. X. Wang, G. 
D. Yuan, W. F. Zhang, L. C. M. Wu, and S. T. Lee, Appl. Phys. 
Lett., 2009, 94, 193101. 
20. C. Xie, L. B. Luo, L. H. Zeng, L. Zhu, J. J. Chen, B. Nie, J. 
G. Hu, Q. Li, C. Y. Wu, L. Wang and J. S. Jie, CrystEngComm, 
2012, 14, 7222-7228. 
21. L. A. Woldering, R. W. Tjerkstra, H. V. Jansen, I. D. Setija, 
and W. L. Wos, Nanotechnology, 2008, 19, 145304. 
22. R. Q. Zhang, Y. Lifshitz, and S. T. Lee, Adv. Mater., 2003, 
15, 635-640. 
23.  C. Xie, J. S. Jie, B. Nie, T. X. Yan, Q. Li, P. Lv, F. Z. Li, 
M. Z. Wang, C. Y. Wu, L. Wang, and L. B. Luo, Appl. Phys. 
Lett., 2012, 100, 193103. 
24. H. F. Yan, Y. J. Xing, Q. L. Hang, D. P. Yu, Y. P. Wang, J. 
Xu, Z. H. Xie, and S. Q. Feng, Chem. Phys. Lett., 2000, 323, 
224-227. 
25.Y. Cui, X. F. Cui, J. T. Hu, and C. M. Lieber, J. Phys. Chem. 
B, 2000, 104, 5213-5216. 
26. K. K. Lew, L. Pan, T. Bogart, S. M. Dilts, E. C. Dickey, J. 
M. Redwing, Y. F. Wang, M. Cabassi, T. S. Mayer, and S. W. 
Movak, Appl. Phys. Lett., 2004, 85, 3101-3103. 
27. Z. H. Chen, J. S. Jie, L. B. Luo, H. Wang, C. S. Lee, and S. 
T. Lee, Nanotechnology, 2007, 18, 345502. 
28. N. Wang, Y. H. Tang, Y. F. Zhang, C. S. Lee, I. Bello, and 
S. T. Lee, Chem. Phys. Lett., 1999, 299, 237-242. 
29. J. S. Jie, W. J. Zhang, Y. Jiang, and S. T. Lee, Appl. Phys. 
Lett., 2006, 89, 223117. 
30. L. K. Li, Y. J. Yu, G. J. Ye, Q. Q. Ge, X. D. Ou, H. Wu, D. 
L. Feng, X. H. Chen and Y. B. Zhang, Nat. Nanotech., 2014, 9, 
372. 
31. M. S. Arnold, P Avouris, Z. W. Pan and Z. L. Wang, J. 
Phys. Chem. B, 2003, 107, 659. 
32. H. B. Huo, L. Dai, C. Liu, L. P. You, W. Q. Yang, R. M. 
Ma, G. Z. Ran and G. G. Qin, Nanotechnology, 2006, 17, 5912. 
33. Z. Z. Hu, X. J. Zhang, C. Xie, C. Y. Wu, X. Z. Zhang, L. 
Bian, Y. M. Wu, L. Wang, Y. P. Zhang, and J. S. Jie, 
Nanoscale, 2011, 3, 4798-4803. 

Page 6 of 7RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 2012  J. Name., 2012, 00, 1‐3 | 7 

34. G. D. Yuan, W. J. Zhang, J. S. Jie, X. Fan, J. X. Tang, I. 
Shafiq, Z. Z. Ye, C. S. Lee and S. T. Lee, Adv. Mater. 2008, 20, 
168-173. 
35. X. Liu, L. L. Gu, Q. P. Zhang. J. Y. Wu, Y. Z. Long, and Z. 
Y. Fan, Nat. Commune., 2014, 5, 4007. 
36. C. Xie, B. Nie, L. H. Zeng, F. X. Liang, M. Z. Wang, L. B. 
Luo, M. Feng, Y. Q. Yu, C. Y. Wu, Y. C. Wu and S. H. Yu, 
ACS Nano, 2014, 4, 4015-4022. 
37. P. Lv, X. J. Zhang, X. W. Zhang, W. Deng and J. S. Jie, 
IEEE Elect. Dev. Lett., 2013, 34, 1337-1339. 
38.  X. H. An, F. Z. Liu, Y. J. Jung and S. Kar, Nano Lett., 
2013, 13, 909-916. 
39. Y. Jiang, W. J. Zhang, J. S. Jie, X. M. Meng, X. Fan, and S. 
T. Lee, Adv. Funct. Mater., 2007, 17, 1795-1800. 

Page 7 of 7 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t


