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Single Si nanowire (diameter ≤ 100nm) based polarization sensitive near-infrared 

photodetector with ultra-high responsivity  

 

K. Das, S. Mukherjee, S. Manna, S. K. Ray and A .K .Raychaudhuri
 

 

Single silicon nanowire based MSM photodetectors show high responsivity (> 10
4
 A/W) even at 

zero bias in near-infra-red region. The responsivity enhancement with reduced nanowire 

diameter has been explained by electric field enhancement shown by finite element based optical 

simulation.  The observed photoresponse is sensitive to polarization of the exciting light, 

allowing the device to act as a polarization dependent photodetector. 
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Single Si nanowire (diameter ≤ 100nm) based 7 

polarization sensitive near-infrared photodetector 8 

with ultra-high responsivity 9 
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a
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b
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c
 S. K. Ray,

c,*
 A .K .Raychaudhuri

a,#
  10 

We report on the fabrication and optical response of boron doped single silicon nanowire based 11 
metal-semiconductor-metal photodetectors. Typical single nanowire devices were made from 12 
nanowires, grown by metal-assisted chemical etching process, with diameter ~80-100 nm and 13 
with electrode spacing ~1µm, using electron-beam lithography. A high responsivity of the 14 
order of 104 A/W has been observed even at zero bias in a single nanowire photodetector with 15 
peak responsivity in the near-infrared region. The responsivity has been found to be enhanced 16 
with increasing bias and reduced nanowire diameter. Finite element based optical simulation 17 
has been proposed to explain the diameter dependent performance of the single nanowire.  The 18 
observed photoresponse is sensitive to the polarization of the exciting light source, allowing 19 
the device to act as a polarization dependent near-infrared photodetector. 20 
 21 
 22 

A. Introduction  23 

The observation of high photoresponsivity in 24 
semiconductor nanowires (NWs) and  the realization of the 25 
photoconduction mechanism in nano-dimensional systems 26 
with a high surface to volume ratio has attracted  growing 27 
curiosity for the potential use of NWs in integrated 28 
optoelectronic devices [1-3], hybrid organic–inorganic solar 29 
cells [4-6], optical interconnects [7-8], transceivers [9-10], etc. 30 
Silicon nanowires (NWs) are one of the most researched 31 
one-dimensional nanomaterials because of their 32 
compatibility with CMOS processing, controlled resistivity 33 
and high thermal conductivity. Si NWs have been used in 34 
wide range of prototype applications, such as solar cells [11-35 
12], field effect transistors (FETs) [13-14], nanosensors [15-17], 36 
light emitting diodes (LEDs) [18-19], and photodetectors [20-37 
22]. Significant efforts are being made on single nanowire 38 
based detector devices to achieve miniaturized devices with 39 
high responsivity, high gain and low noise with large 40 
bandwidth and short response time. 41 
 The growth of Si nanowire arrays over a large area with 42 
controlled diameter is a pre-requisite for the device 43 
application. Therefore the bottom-up approaches like 44 
vapor-liquid-solid (VLS) growth using molecular beam 45 
epitaxy (MBE), supercritical fluid liquid solid (SFLS), and 46 
laser ablation  are more attractive than the conventional 47 
top-down ones employing nano-lithography methods and 48 
deep reactive ion etching (DRIE). However, recently the 49 
facile metal-assisted-chemical etching (MACE) method has 50 
been introduced to from Si NWs over a large area without 51 
sophisticated lithography technique [23-25]. 52 
 Photodetectors fabricated with Si NW arrays and 53 
individual Si NW has shown rather low-responsivity in the 54 

near-IR region [26-27]. In this paper, we report the fabrication 55 
and opto-electronic characterization of single silicon 56 
nanowire metal-semiconductor-metal (MSM) photodetector 57 
devices exhibiting ultra-high responsivity in the near-IR 58 
region.  59 
 The responsivity is very high even without any external 60 
bias, making them attractive for low power devices. Also, 61 
the feasibility of fabrication of a photo-detector element of 62 
high responsivity with NW’s of diameter ≤ 100nm opens 63 
up the possibility of high integration density devices for 64 
photonic applications. The observed variation of 65 
photocurrent as a function of the orientation of linear 66 
polarized light is reported for the single nanowire device, 67 
making it attractive for novel polarization-sensitive 68 
photodetectors. 69 
 70 

B. Experimental  71 

Arrays of Si NWs were fabricated by metal (Ag) assisted 72 
electroless chemical etching technique reported elsewhere 73 
[28-30]. The starting substrate was p-type, (100) oriented with 74 
a resistivity of 0.77 Ω-cm. The doping concentration of 75 
resulting NW, obtained after etching, is the same as that of 76 
the B-doped Si substrate (2 x 1016/cm3). The typical length 77 
of NWs was ~30 µm and the diameter varied from 30–400 78 
nm. A typical SEM image of a collection of as grown Si 79 
nanowires is shown in Fig. 1(a). Since the present 80 
investigation has been done on a single strand of a Si NW, 81 
we choose a wire with a specific diameter from the 82 
ensemble. Si nanowire suspension was dropped on oxidized 83 
Si substrates (SiO2 thickness ~300nm) and Cr/Au contact 84 
electrodes were patterned on the selected single NW by the 85 
combination of photolithography and electron beam 86 
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lithography. The e-beam lithography process was done 1 
using dual beam Helios 600 (FEI) system. The device 2 
fabrication was completed by thermal evaporation and lift-3 
off process. The spectral photo-current response of the 4 
nanowires was measured using a set-up consisting of a 5 
calibrated broadband light source, a monochromator, a 6 
mechanical chopper (set to 180 Hz) and a lock-in amplifier 7 
(Stanford Research, SR 530). The device photocurrent was 8 
studied using a Keithley semiconductor parameter analyzer 9 
(Model no. 4200-SCS).  The polarizer selectivity was 10 
measured using a polarizer. 11 
 12 

C. Results & Discussions 13 

We had fabricated several devices for similar diameter 14 
nanowires. In addition, multiple contact pads have been 15 
employed to verify the uniformity and reproducibility of 16 
our results for a single nanowire device. However, in the 17 
present paper, we show the results of two photodetector 18 
devices with different nanowire diameters and electrode 19 
spacings. The details of the device geometry and obtained 20 
results are summarized in table–I. The scanning electron 21 
microscopy image of   device S-2 (wire dia. ~80 nm) is 22 
shown in Fig. 1(b), whereas the schematic diagram of the 23 
fabricated single NW photodetector device is shown in 24 
Fig.1(c). 25 
 The photoresponse of the nanowire devices was studied 26 
at a fixed illumination wavelength of 514 nm (Ar+ laser) 27 
with varying applied bias and illumination power. The 28 
illumination source was pulsed using the mechanical 29 
chopper.  Fig. 2(a) shows the typical pulsed photocurrent 30 
response of one of the nanowires (sample S-2).  The data 31 
were taken with zero applied bias. The zero-bias dark 32 
current is very low of the order of ~0.4 nA. Upon 33 
illumination, in the example shown, the current rises to ~ 34 
1.4 nA and it drops to the initial dark current value when 35 
the illumination is turned off.  The currents in the states 36 
with illumination ON and OFF states remain the same 37 
within the noise level for consecutive cycles. From the 38 
optical modulation measurements, the nanowires device is 39 
found to exhibit fully reversible switching behavior, 40 
indicating the potential of the single Si NW device as an 41 
optical switch. It may kindly be noted that a significant 42 
photocurrent is generated even with zero bias. This is an 43 
important observation as this indicates that the separation 44 
of photo-generated electron–hole pairs can take place in the 45 

depletion region by an axial built-in electric field [31-33]
. 46 

 The photocurrent characteristics (for device S-2) 47 
measured with an applied bias of -0.5V for varying 48 
illumination intensity is shown in Fig. 2(b). The variation 49 
of photocurrent as a function of the incident power density 50 
(P) is shown in Fig. 3. Enhancement of the illumination 51 
intensity leads to enhanced electron-hole pair generation 52 
which enhances the device current.  However, the 53 
photocurrent increases sub-linearly with excitation power. 54 
The sub-linear dependence of the photocurrent (Iph) on 55 
illumination power (P) indicates that the mechanism of 56 
optical response is associated with carrier trapping. The 57 
experimental data have been fitted with a power law 58 
relation Iph ∝ Pα. For both the devices the exponent α was 59 
found to be substantially lower than unity (~0.3), indicating 60 
existence of trap states in the nanowire with a broad range 61 
of energy. The exponent depends on the process of 62 
electron-hole generation, trapping, and recombination of 63 

the carriers within the nanowire [34]. The exponent α < 1 has 64 
been observed in a number of photoconductors and it arises 65 
due to existence of localized traps near the band edges that 66 
controls the process of recombination and the resulting in 67 
photocurrent [34]. The energy distribution of the localized 68 
state around the Fermi level determines the value of α. If 69 
the localized states are distributed with an exponential 70 
dependence with the density of states near the conduction 71 
band edge (EC), so that the density of states and the 72 
exponent can be expressed as [34]: 73 

                      *

( )

( ) ( )
CE E

E
Cg E g E e

−
−

=         ……………..(1.a) 74 

and                                         75 
      

TkE

E

B+
≈

*

*

α         
     ….…………(1.b) 76 

where )(),( CEgEg  are densities of states at energies E and 77 

Ec respectively. E* is a characteristic energy scale. From the 78 
observed value of α ≈ 0.3, we find E* ≈ 0.43,  k TB

 ≈ 10 79 

meV at room temperature.  This, however, is a small 80 
fraction of the value of the band gap for Si.  81 
 The band diagram of the nanowire device, for the zero 82 
bias and for an applied bias of VR to one side is shown in 83 
Fig. 4(a) and 4(b), respectively. In metal-SiNW-metal 84 
photodetectors there are two dominant processes. One 85 
contribution to the photocurrent arises due to collection of 86 
generated carriers at the metal-nanowire Schottky contacts 87 
and the other contribution arises from the band bending 88 
caused by nanowire surface states. Both effects lead to 89 
increase in the photocurrent of the photodetector devices 90 
[35-37]. The increased carrier density (upon illumination) in 91 
Si NW would narrow the Schottky barrier width, which is 92 
equivalent to a lowering of the effective barrier height. The 93 
reduced barrier height at the contacts leads to enhancement 94 
of the device current  95 
 The performance of a photodetector is quantified in 96 
terms of the responsivity, which is directly related to the 97 
internal gain of the device. Responsivity (R), external 98 
quantum efficiency (EQE) and detectivity (D) are key 99 
parameters for a photodetector, which reflect the sensitivity 100 
of a photodetector to the incident light. To exclude the 101 
influence of the variation of the incident light power with 102 
wavelength on the photocurrent, responsivity (R) is a better 103 
physical quantity to be evaluated for obtaining the spectral 104 
response. The responsivity of a photodetector is defined as 105 
R=Jph/P where Jph is the photocurrent density and P is 106 
power density of light source for a specific wavelength.   107 
 The spectral photoresponses of the Si NW MSM 108 
photodetectors have been characterized by measuring the 109 
responsivity in the spectral range from 400 to 1000 nm 110 
using a calibrated broad band source. The calibration was 111 
done by using a calibrated photodetector.  The data for the 112 
two devices are shown in Fig. 5. Both the devices show 113 
broad spectral response varying from visible to near-IR 114 
range with a peak centered around 900 nm, which is 115 
associated with intrinsic transition above the band-edge of 116 
Si. The zero-bias peak responsivity (R) for device S-1 117 
(~100 nm dia) is ~1.2 x 104 A/W while that for device S-2 118 
(~80 nm dia) is ~2 x 104 A/W. Both the values are higher 119 
than the zero-bias responsivity reported till date, at room 120 
temperature for photodetectors fabricated with bulk or 121 
nanostructured Si [20-21,33,38]. The responsivity gets enhanced 122 
considerably with applied bias. For instance even a small 123 
applied bias of 0.1V enhances the responsivity by a factor 124 
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of 2. With increase in applied reverse bias, the depletion 1 
region width increases. Therefore, the Schottky barrier 2 
devices generate larger number of photo-electrons and 3 
holes, which are easily swept out due to the lowering of 4 
barrier height, leading to the enhancement of gain. The 5 
highest responsivity reported so far for photodetectors with 6 
Si nanowire arrays is around 104 A/W in the range of 400-7 
800 nm with a bias voltage of 1.0 V [39] at room 8 
temperature. It may be noted that the photodetector 9 
responsivity can get enhanced further on cooling to 150K 10 
or below, as reported before [26]. 11 
 The enhancement of photoconductivity is quantitatively 12 
evaluated by evaluating the photoconductive gain (G), also 13 
known as the external quantum efficiency (EQE). The 14 
photoconductive gain is defined as the ratio of collected 15 
carriers per incident photon absorbed by the NW in a unit 16 
time (G= Ncarrier/Nphoton) 17 

             ( / ) 1240
( )

( )

phcarrier

photon

J eN hc hc
G R R

N P e nmλ λ λ
= = = =         ……… (2) 18 

 This gain G is related to the electronic transport and 19 
carrier collection efficiency during the photoconduction 20 
process. The physical meaning of G is related to the 21 
number of electrons circulating through the photoconductor 22 
per absorbed photon per unit time [40], 23 

                      
2 2/

E
G

t l D l

τ τ τµ
= = =          ……………….. (3) 24 

Where τ is the carrier life time, t is the transit time, l is the 25 
channel length of the photodetector, D is the diffusion 26 
coefficient and µ is the mobility of carriers. As discussed in 27 
equation (3), the gain of the photodetector is inversely 28 
proportional to square of the active length (electrode 29 
spacing) of the nanowire. For NW with the electrode 30 
separation comparable to the depletion width, there exists 31 
an axial field in the middle of the NW even in the absence 32 
of an applied bias. This leads to the higher carrier collection 33 
efficiency for shorter length nanowires. It may also be 34 
noted that the gain of the nanowire photodetector varies 35 
with the minority carrier parameters, D and µ in equation 36 
(3), which are strongly dependent on the dopant type and 37 
concentration. The calculated gain is found to very high 38 
and exceeds 105. The high photoconductive gain can be 39 
attributed to the combination of relatively long photocarrier 40 
life-time in Si compared to the short carrier transit time in 41 
the devices used   because of the small spacing between the 42 
electrodes. It may be noted the electrode spacing of 100 nm 43 
and 80 nm diameters is 0.850 µm and 1.2 µm, respectively. 44 
It is clear from eqn. (3) that the responsivity value of the  45 
80 nm  nanowire is expected to  be much higher, if the 46 
electrode spacing is normalized to that of 100 nm one. 47 
 Figure of merit of the photodetector has been 48 
determined by estimating the detectivity and the noise 49 
equivalent power (NEP), which is the minimum incident 50 
power that a detector can differentiate from the noise. The 51 
detectivity is related to the NEP by an equation as [29], 52 

.A f
D

NEP

∆
=      ………………… (4) 53 

where D is detectivity measured in cm Hz1/2/W (or Jones), 54 
A is the effective detector area in cm2, ∆f is the electrical 55 
bandwidth in Hz. The detectivity is limited mainly by the 56 
three types of noise, namely, shot noise from dark current, 57 
Johnson noise and flicker noise from thermal fluctuation. 58 
We evaluated the noise current at zero bias taking into 59 
consideration both the shot noise as well as the Johnson 60 

noise since the resistance of the nanowire is known. The 61 
two noises namely the Jhonson noise as well as the thermal 62 
noise makes comparable contributions, but lower than that 63 
contributed by the shot noise. At zero bias the flicker noise 64 
contribution is zero. It may be noted that electrical noise 65 
has been measured in single Si nanowire recently, and the 66 
flicker noise was found to be rather low [41]. For estimation,   67 
we may thus consider that the shot noise (Noise power 68 
=2qId) is the dominant source of the noise.  The spectral 69 
dependence of the detectivity, D(λ) can be estimated from 70 
the following equation [42], 71 

( )
( )

2 d

R
D

qJ

λ
λ =

            ………………. (5) 72 

where R is the responsivity, Jd is the dark current density 73 
and q is the electronic charge. The detectivity limit for our 74 
devices is tabulated in Table-I.  The detectivity of 80 nm 75 
diameter nanowire is found to be higher as compared to 76 
that for 100 nm diameter wire. The responsivity and 77 
detectivity of the present single Si NW device are 78 
compared with those reported in the literature for different 79 
nanowire photodetectors and presented in Table-II. 80 
 The polarization selectivity of the single Si NW 81 
photodetector has been studied. It has been experimentally 82 
demonstrated that the NW optical excitation is most 83 
efficient under the incidence of linearly polarized light in 84 
the direction parallel to the NW axis [43]. Our devices also 85 
show polarization anisotropy with parallel excitation 86 
generating a higher photocurrent over that of perpendicular 87 
excitation, as shown in Fig 8(a), for device S-1 and S-2. 88 
The polar plot of the polarization dependent photocurrent is 89 
presented in Fig. 8(b). 90 
 91 
D. Simulation 92 
 93 
An important observation that we have made in the present 94 
investigation is the dependence of the responsivity on the 95 
diameter, in particular, the discernible enhancement of the 96 
responsivity when the diameter is reduced down to sub 100 97 
nm region. We have carried out the simulation as described 98 
below in order to explain the above phenomena. The 99 
simulation shows that the enhancement in R occurs due to 100 
significant enhancement in the electric field of the incident 101 
light when the diameter decreases, particularly below 200 102 
nm. We describe the simulation briefly below. 103 
 There exists an ultrathin (2-3 nm) SiO2 layer on the Si 104 
NW (as detected by high resolution Transmission Electron 105 
Microscopy). The oxide serves as a passivation layer to 106 
reduce the dangling bonds on the NW surface. However, 107 
there is a significant difference of refractive index between 108 
the interior of nanowire, the surface SiO2 and their 109 
surrounding ambience (air). The refractive index of Si is 110 
around n~3.65 corresponding to an input wavelength 111 
(λ=900 nm) [44], while it is 1.45 for SiO2 and 1.0 for the 112 
surrounding material (air). Therefore, a steep difference of 113 
refractive index between the core (Si NW) and claddings 114 
(SiO2 and air), results in large numerical aperture (NA), 115 
leading to the confinement of   incident light and guiding 116 
through the wires. From the simulation, we demonstrate 117 
that the incident light can be waveguided into a nanowire 118 
causing the enhancement of quantum efficiency with 119 
reduced nanowire diameter. We have performed a two 120 
dimensional simulation with the finite element simulator 121 
COMSOL MULTIPHYSICS (4.3), using the RF 122 
MODULE. At the left edge, a plane wave is generated at a 123 

Page 4 of 11Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t



ARTICLE Journal Name 

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

port boundary condition. At the right edge of the NW is 1 
also a port boundary condition but without excitation to 2 
ensure the complete absorption of the incoming waves. A 3 
single Si NW of variable diameter and 5 um length, 4 
covered by the 2 nm oxide layer have been used in the 5 
simulation. The analytic solution is found by assuming that 6 
the electric field along the direction of propagation varies 7 
as, 8 
             .xik x

Z yE E e
−=                           …………… (6.a) 9 

where,     
1 cos( . )y yE C k y=     inside the core     ….… (6.b) 10 

and,         [ | | ]

0
NWy r

yE C e
η− +=   outside the core      ..….. (6.c) 11 

Because the electric fields must be continuous at the 12 
interface, the guidance condition must satisfy the following 13 
equations, 14 

tan( . )y y NWk k rη =   and  2 2 2 2

y core cladding
k k k η= − −   …… (6.d) 15 

By solving these above equations, one can easily get the Ez 16 
value. The time averaged power loss (or equivalently, 17 
absorbance) can be determined by,  18 

                              21
( ) | ( ) |

2
avg Z

r E rΓ = Λ
r r

       …..…. (7) 19 

where, .cεΛ = , where ε is the permittivity of the material 20 
and c is the velocity of light. In general, silicon has low 21 
absorption coefficient, but the photo-detection performance 22 
depends on the light trapping scheme, which controls the 23 
number of photo-generation carriers in Si photodetector. 24 
We propose that the existence of random pores in textured 25 
and electroless etched Si NWs, to enhance the absorption 26 
compared to planar Si surface due to multiple reflections. 27 
 The quantum efficiency (Q.E.) for monochromatic light 28 
is calculated by 29 

                             .

.

( )
. .( )

avg

avg incident

r dr
Q E

P
λ

Γ
= ∫

r

          …..….. (8) 30 

where the average of the incident power Pavg incidnt  is the 31 
time-averaged Poynting vector of the monochromatic 32 
incident electromagnetic waves. In the above equation, it is 33 
assumed that the electrodes collect all the photo-generated 34 
electron-hole pairs which contribute to electrical current. 35 
As we know that, Q.E. is directly proportional with the 36 
responsivity of the photodetector, a higher Q.E. gives 37 
higher response. The optical simulation result shows the 38 
electric field energy distribution inside a single Si NW with 39 
varying diameter. The results in Fig. 6(a) and (b) show that 40 
the photon energy confined within the volume is 41 
significantly larger in the nanowire with smaller diameter. 42 
The estimated distribution of the electric field inside the 43 
nanowire (along the long axis) and at the SiO2 cladding are 44 
shown in Fig. 7. As the diameter of the nanowire decreases, 45 
the electric field confinement within the Si core is enhanced 46 
rapidly. However, when the NW diameter is reduced below 47 
~ 60 nm, a significant amount of electric field spreads into 48 
the cladding. This will result in the reduction of 49 
responsivity. 50 
 The simulation results also allow us to explain the 51 
observed polarization dependence of the response. If the 52 
incident electric field is polarized parallel to the axis of the 53 
nanowire, the amplitude of the electric field inside the 54 
nanowire will be same as the incident one in vacuum/air. 55 
But when the electric field is perpendicular to the nanowire 56 

axis, its amplitude inside the NW will be reduced by a 57 
factor depending on the material dielectric constant and its 58 
diameter [45].  59 
Therefore,                          

in exc
E E=�                   …….. (9.a) 60 

                                    0

0

2
in exc

E E
ε

ε ε
⊥ =

+
               …….. (9.b) 61 

Where Eexc and Ein are the electric field amplitudes of the 62 
excitation and inside the cylindrical nanowire, respectively. 63 
ε0 and ε are permittivity  of the vacuum and the nanowire 64 
material. The polarization anisotropy is defined as,[45] 65 

                            

2

0

0
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I I
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ε ε

⊥

⊥

 
−  − + = =

+  
+  + 

�

�

      …………. (10) 66 

Where I
�
 and I⊥ are the photocurrent due to the incident 67 

polarized light along the major and minor axes of the 68 
nanowire, respectively. The degree of linear polarization 69 
can be obtained from the photocurrent amplitude using 70 
equation (10) and the degree of anisotropy is estimated for 71 
three devices made with nanowires of different diameters.  72 
The result is shown in Fig. 9.  It is found that the 73 
polarization anisotropy increases as the diameter is 74 
reduced.  The results show that the single nanowire based 75 
devices can be extremely useful for polarization sensitive 76 
optical detection. The reason for the enhanced polarization 77 
anisotropy with reduced NW dimension is not clear at this 78 
moment. 79 

Conclusions 80 

In summary, we have demonstrated highly responsive 81 
metal-semiconductor-metal photodetectors fabricated with 82 
single Si nanowires which were prepared by a simple 83 
chemical-etching technique. The photo detectors show 84 
large zero bias photo response. The photodetector with 80 85 
nm diameter NW exhibits maximum zero-bias peak 86 
responsivity of ~2.5x104 A/W in near infra-red wavelength 87 
(900 nm), which is much higher compared to those reported 88 
for Si nanowire based devices. Near complete depletion and 89 
collection of photogenerated carriers are achieved at a very 90 
low bias (-0.2 V), making the detector extremely attractive 91 
for low power operation. The device also exhibits good 92 
response and recovery to illumination and good 93 
reversibility between ON and OFF states. The single 94 
nanowire photodetectors have been found to exhibit high 95 
linear polarization selectivity. The responsivity as well as 96 
the polarization anisotropy is found to increase with the 97 
reduction of nanowire diameter. However, it appears that 98 
for NW of much smaller diameter the responsivity may 99 
become low. These results demonstrate the promising 100 
features of single Si NW devices for high gain, low power, 101 
polarization sensitive photodetection and optical switching 102 
in near IR region. 103 
 104 
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 7 

 8 

Figure 1 : SEM images of (a) bunch of as-synthesized silicon 9 
nanowires, (b) patterned metal electrodes on a single nanowire 10 
of diameter ~ 80 nm and (c) Schematic diagram of the fabricated 11 
single nanowire device. 12 
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Figure 2: Optical modulation characteristics of single nanowire 15 
device S-2, (a) at zero bias for a fixed illumination power 16 
density (b) at a bias of -0.5 V with different illumination power 17 
density. 18 
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 20 

Figure 3: Variation of photocurrent as a function of the 21 
illuminated power density for single nanowire device, S-2. 22 
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Figure 4: Band diagram of MSM photodetector device for (a) 33 
Zero bias and (b) near the flat-band condition for an applied 34 
bias, VR to an electrode. 35 
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 15 

Figure 5: Spectral responsivity of single nanowire 16 
photodetector devices of (a) 100 nm dia and (b) 80 nm dia,  for 17 
different applied biases. 18 
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 34 

Figure 6: Electric field energy distribution inside a Si NW core 35 
surrounded by SiO2 cladding for diameter of (a) 100 nm and (b) 36 
200 nm 37 
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 38 

Figure 7: Electric field energy variation along the long axis of 39 
Si nanowire  and at the interface, as a function of it’s diameter. 40 
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 13 

Figure 8. (a) Polarization angle dependent photocurrent for 80 14 
nm and 100 nm nanowires,  and (b) the  polar plot of the 15 
photocurrent for both the devices.  16 

 17 

 18 

 19 

 20 

 21 

 22 

Figure 9: The variation of the polarization ratio as a function of 23 
nanowire diameter. The dotted line has been drawn to guide the 24 
eye. 25 
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Table 1. The details of the device geometry and obtained results 30 
 31 
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Table-II: Comparison of performance of nanowire based 2 
photodetectors. 3 

 4 

Device Responsivity (A/W) 
Detectivity 

(cmHz½/W) 
References 

Single Si NW 

(80 nm) 

1.97 x 104 (0 V)  

2.56 x 104 (0.1 V) 
~1013 Present work 

Ensemble 

(collection) of Si 

NWs (30-400 

nm) 

0.59 (1 V) 1.55 x 1010 

Ahmad et al. Appl. 

Phys. Lett., 2012, 

101, 223103. [20] 

Single  

core−shell 

GaAs/AlGaAs 

NW (40/170 nm) 

0.57 (1 V) 7.2 × 1010 

Dai et al. Nano 

Lett. 2014, 14, 

2688. [46] 

Ensemble 

(collection)  of 

Si NWs  (~200 

nm) 

0.6 (0.5 V) - 

Bae et al. 

Nanotech., 2010, 21 

095502. [33] 

Ensemble 

(collection) of Si 

NWs (100 nm) 

0.58 (0.2 V) - 

Wu et al. Chemical 

Physics Letters, 

2012, 538, 102. [47] 

Single InAs NW 

(138 nm) 
4.4 x 103 (2 V) 2.6 x 1011 

Liu et al. Nano 

Research, 2013, 6, 

775. [42] 

Single Ga2O3 

NW (500 nm) 
4.5 x 103 (10 V) 1.26 x 1016 

Zou et al. 

Nanotech., 2013, 

24, 495701. [48] 

Ensemble 

(collection)  of 

p-Si/n-CdS core-

shell NW (~130 

nm core with 65 

nm shell) 

1.37 (1.0 V) 4.39 × 1011 

Manna et al. J. 

Phys. Chem. C, 

2012, 116, 7126. [29] 
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