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Semiconductor nanowires are a class of nanostructures that have 
dimensions of tens of nanometers in diameter and microns in length. 
Their unique properties enable promising applications in 
optoelectronics such as photo-detectors and laser sources [1]. Owing 
to the increased surface/volume ratio, nanowire-based p-n junctions 
exhibit qualitatively different properties from those of bulk junctions, 
including weaker screening property and stronger fringe- field effect.  
This numerically investigates the unique electrical properties of p-n
junctions in single nanowires or nanowire arrays.
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• The net charge profi les in nanowires with small radii were examined. As shown in 
Fig.2, the depletion region has a very long  tail , which is unique to the case of which is unique to the case of 
nanowiresnanowires..

• The reduction of the screening effects was examined as the nanowire radius shrinks. 
The junction depletion width increases abruptly for devices with moderate doping 
concentrations when the wire radius is below 50 nm. Such an evident size effect is 
associated with the finite cross section of nanowires and absent in the case of bulk 
junctions.

• The fringe-field effects in nanowire arrays were investigated because nanowire arrays 
offer larger active volume and larger gain in optoelectronic applications.

• The implications of these effects on the design of high-speed, efficient nanowire-
based photodetectors and lasers were also discussed.

We  employ a general device simulator, PROPHET [2],  to numerically solve the 
semiconductor Shockley equations for a p-n junctions in silicon nanowires surrounded by 
ambient dielectric using silicon wire as an example.
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Fig.6 Dependence of averaged electric displacement 
flux on wire radius and doping density. The averaged 
flux is the total flux divided by the wire cross section area.

Fig.7 The ratio of fringe field flux to the total flux 
versus wire radius.

Fig.8 Dependence of total capacitance on nanowire
spacing for a nanowirearray.   Inset shows the cross 
section of a nanowirearray. Theoretical value is the
estimated wire capacitance without considering the 
fringe capacitance.

Fig.9 Dependence of depletion width on nanowirespacing
for a nanowirearray. The dependence is quasi liner when
spacing is smaller than wire length.  After the spacing 
reaches wire length, the depletion width remains unchanged. 
The wire radius is 10 nm.

Fig.1 The Fig.1 The Scanning Electron 
Microscopy (SEM)  image of InSb
nanowires grown at NASA Ames.
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Fig.4 Dependence of averaged capacitance on nanowire
radius and doping density. The averaged capacitance
is the total capacitance divided by the wire cross section
area ..
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Fig.3 Dependence of depletion width on nanowireradius
and doping density. The wire length is 10um unless
otherwise specified.

Fig.5 Dependence of averaged capacitance on wire length 
and radius. The capacitance of nanowires increases with
wire length until it reaches a saturation point.  

Fig. 2 Charge density distribution on the n-type side of
the nanowire. Inset shows the charge density for different
doping densities. The wire length is  200 microns  and 
radius is 0.5 nm (from Ref. [3]).


