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 One dimensional nanoscale materials, such as nanowires (NW)1 and carbon nanotubes 
(CNT)2, are attractive building blocks for future nanoelectronic systems because of their ability 
to overcome the scaling limit of current top-down photolithography approach when combined 
with bottom-up self-assembly.  Moreover, since those nanomaterials grown at high temperature 
can be assembled into active electronic devices over large area at room temperature, they are 
promising candidate in the field of “macroelectronics”, defined as electronic systems fabricated 
over large/flexible substrate with low cost and acceptable performances.3, 4  Here we review the 
progress made toward these goals with Si NWs and discussed their future challenges in real 
applications.  
 
 Si NWs are synthesized through vapor-liquid-solid synthesis or chemical vapor deposition 
(CVD) method from metal nanoclusters.5  The diameter of Si NWs can be controlled by varying 
the diameter of catalyst6 and the doping level can be controlled by adjusting the ratio between 
SiH4 and B2H6/PH3

7, 8.  The growth direction is determined by the surface energetics.  Generally 
large NWs grow along <111> direction while the small NWs grow along <<110> direction (see 
Figure 1).9  After synthesis, the Si NWs are collected from growth substrate and suspended in 
ethanol. 
 

         
 
Figure 1: TEM image of the catalyst alloy/NW interface of a Si NW with a <111> growth axis 
(part a) and <110> growth axis (part b). 
 
         The fluidic flow-directed assembly approach can be used to align Si NWs on various 
substrates and organize Si NWs in to complex structures.  In this method, Si NWs are aligned by 
passing a suspension of Si NW through microfluidic channel structure, typically formed between 
a poly(dimethylsiloxane)  (PDMS) mold and a flat substarte.10  The alignment of NWs within the 
channel flow can be understood within the framework of shear flow.  Specifically, the channel 
flow near the substrate surface resembles a shear flow, and linear shear force aligns the NWs in 
the flow direction before they are immobilized on the substrate.  The degree of alignment can be 
further increased when combined with complementary chemical interactions between chemically 
patterned substrate and Si NWs.  In the field of macroelectronics, the ability to create metal 
features over large area in a cost-effective method at room temperature is also important.  The 
nanoimprint lithography (NIL) provides a possible way to solve this problem (see Figure 2).11   



  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. a) Schematic of the NIL process on plastic. (b) and (c) AFM topographical and line-scan 
images of the imprinted features, respectively. 
 
           Various electronic devices, including p-n junctions12, light emitting diodes13, bipolar 
junction transistors12 and junction field effect transistors (FET)14 have been realized with cross 
NW structures.  More advanced systems, such as logic gates, computation circuits14 and 
decoders15 are also constructed with Si NWs in the same manner (See Figure 3a).  Thin film 
transistors (TFT) based on single Si NW are intensively studied with focus on improving device 
performances in term of mobility and on/off ratio.8, 16  The large contact resistance is a major 
drawback of those devices and can be significantly reduced through thermal annealing and/or 
surface passivation.  The device variations are much less compared with those built on other 
nanomaterials and demonstrate performance comparable with conventional devices.  On the 
other hand, TFTs based on both single Si NW and Si NW arrays have been fabricated on 
glass/plastic substrate.11, 17  The performances of those devices are better than those TFTs based 
on organic semiconductors and amorphous Si.  Figure 3b shows the optical image of a three-
stage ring oscillator on glass substrate based on Si NWs with cutoff frequency up to 10MHz.18 
 
 
 
 
 
 
 
 
Figure 3: a) Schematic of logic NOR gate constructed from 1 by 3 crossed NW junction array. b) 
Optical images and circuit diagram of nanowire ring oscillators. Scale bar: 100µm. 
  

However, for real applications in the next generation electronics Si NW still face lots and 
challenges.  In the area of nanoelectronics, we still lack the ability to precisely control the doping 
levels and diameters of Si NWs.  Moreover, the self assembly approach for pattering Si NW is 
only applicable for large Si NWs and the degree of integration is still limited.  Although the size 
of Si NWs is in the nano regime, they haven’t displayed any special properties compared with 
bulk Si, which is an obvious disadvantage compared with other nanomaterials such as CNTs.  In 
the field of macroelectronics, the cost for Si NW is too high for this application and it is hard to 
compete with more mature techniques such as sequential laterally solidified polysilicon, which is 
compatible with existing fabrication process and have better performances.   

 



References 
 
1. Huang, Y.; Lieber, C. M., Integrated nanoscale electronics and optoelectronics: Exploring 
nanoscale science and technology through semiconductor nanowires. Pure Appl. Chem. 2004, 76, 
(12), 2051-2068. 
2. Avouris, P., Molecular Electronics with Carbon Nanotubes. Acc. Chem. Res. 2002, 35, (12), 
1026-1034. 
3. McAlpine, M. C.; Friedman, R. S.; Lieber, C. M., High-performance nanowire electronics and 
photonics and nanoscale patterning on flexible plastic substrates. Proc. IEEE 2005, 93, (7), 
1357-1363. 
4. Reuss, R. H.; Chalamala, B. R.; Moussessian, A.; Kane, M. G.; Kumar, A.; Zhang, D. C.; 
Rogers, J. A.; Hatalis, M.; Temple, D.; Moddel, G.; Eliasson, B. J.; Estes, M. J.; Kunze, J.; 
Handy, E. S.; Harmon, E. S.; Salzman, D. B.; Woodall, J. M.; Alam, M. A.; Murthy, J. Y.; 
Jacobsen, S. C.; Olivier, M.; Markus, D.; Campbell, P. M.; Snow, E., Macroelectronics: 
Perspectives on technology and applications. Proc. IEEE 2005, 93, (7), 1239-1256. 
5. Morales, A. M.; Lieber, C. M., A laser ablation method for the synthesis of crystalline 
semiconductor nanowires. Science 1998, 279, (5348), 208-211. 
6. Cui, Y.; Lauhon, L. J.; Gudiksen, M. S.; Wang, J. F.; Lieber, C. M., Diameter-controlled 
synthesis of single-crystal silicon nanowires. Appl. Phys. Lett. 2001, 78, (15), 2214-2216. 
7. Cui, Y.; Duan, X. F.; Hu, J. T.; Lieber, C. M., Doping and electrical transport in silicon 
nanowires. J. Phys. Chem. B 2000, 104, (22), 5213-5216. 
8. Cui, Y.; Zhong, Z. H.; Wang, D. L.; Wang, W. U.; Lieber, C. M., High performance silicon 
nanowire field effect transistors. Nano Lett. 2003, 3, (2), 149-152. 
9. Wu, Y.; Cui, Y.; Huynh, L.; Barrelet, C. J.; Bell, D. C.; Lieber, C. M., Controlled growth and 
structures of molecular-scale silicon nanowires. Nano Lett. 2004, 4, (3), 433-436. 
10. Huang, Y.; Duan, X. F.; Wei, Q. Q.; Lieber, C. M., Directed assembly of one-dimensional 
nanostructures into functional networks. Science 2001, 291, (5504), 630-633. 
11. McAlpine, M. C.; Friedman, R. S.; Jin, S.; Lin, K. H.; Wang, W. U.; Lieber, C. M., High-
performance nanowire electronics and photonics on glass and plastic substrates. Nano Lett. 2003, 
3, (11), 1531-1535. 
12. Cui, Y.; Lieber, C. M., Functional nanoscale electronic devices assembled using silicon 
nanowire building blocks. Science 2001, 291, (5505), 851-853. 
13. Duan, X. F.; Huang, Y.; Cui, Y.; Wang, J. F.; Lieber, C. M., Indium phosphide nanowires as 
building blocks for nanoscale electronic and optoelectronic devices. Nature 2001, 409, (6816), 
66-69. 
14. Huang, Y.; Duan, X. F.; Cui, Y.; Lauhon, L. J.; Kim, K. H.; Lieber, C. M., Logic gates and 
computation from assembled nanowire building blocks. Science 2001, 294, (5545), 1313-1317. 
15. Zhong, Z. H.; Wang, D. L.; Cui, Y.; Bockrath, M. W.; Lieber, C. M., Nanowire crossbar 
arrays as address decoders for integrated nanosystems. Science 2003, 302, (5649), 1377-1379. 
16. Gudiksen, M. S.; Lieber, C. M., Diameter-selective synthesis of semiconductor nanowires. J. 
Am. Chem. Soc. 2000, 122, (36), 8801-8802. 
17. Whang, D.; Jin, S.; Wu, Y.; Lieber, C. M., Large-scale hierarchical organization of nanowire 
arrays for integrated nanosystems. Nano Lett. 2003, 3, (9), 1255-1259. 
18. Friedman, R. S.; McAlpine, M. C.; Ricketts, D. S.; Ham, D.; Lieber, C. M., High-speed 
integrated nanowire circuits. Nature 2005, 434, (7037), 1085-1085. 
 


