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Abstract 
The utilization of nanowires and nanowire structures as photodetectors is an arising research subject. 
Novel gadget structures incorporated in single nanowire gadgets are additionally being effectively 
contemplated and created. Here, general NW-PD ideas are investigated, along with a point-by-point 
depiction of the actual phenomenon happening in nanowire photoconductors & phototransistors. Low 
dimensional frameworks like nanotubes and nanowires have intriguing, and technologically valuable, 
optical and electrical properties. Studies on these frameworks advance our insight on the science at the 
nanoscale & give the opportunities for creating scaled down electronic and optoelectronics. They 
consist of a variety of components, including carbon, silicon, germanium, and conducting materials 
like copper, silver, and gold. Owing to their unique characteristics (such as large surface area, efficient 
strain relaxation, and effects of quantum confinement), they often provide superior results when 
compared to other thin-film counterparts and bulk or three-dimensional nanomaterials. Through 
various synthesis techniques, many additional materials, including metals, semiconductors, and 
polymers, can be produced as nanowires. A point of view towards future bearings towards the 
utilization of semi-conductor nanowire photoconductors as intra-chip interconnects, single-photon 
detectors & picture sensors, have additionally been given. 
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INTRODUCTION 
Nanowires may be defined as nanostructure wires with diameter of 1–100 nanometres. The length of 

these nanowires can be handily controlled from micrometres to millimetres. Exact orientation control 
during nanowire development can be achieved by applying ordinary epitaxial crystal development 
procedures to this VLS method, known as vapour-liquid-solid epitaxy. This method is especially strong 
in the controlled synthesis of good-quality nanowire arrays [1-3]. SEM image of the nanowire array is 
shown in Figure 1 

 
They are made-up of a broad range of materials like Silicon, Germanium, carbon and conducting 

materials such as gold, silver, and copper. Because of their special properties (e.g., enormous surface 
area, effective strain relaxation & quantum confinement impacts), they frequently furnish better 

outcomes w.r.t the bulk or 3D nanomaterials and 
other thin film counterparts [4-7]. Many other 
materials like metals, semiconductors and polymers 
may be obtained in the form of nanowires through 
different synthesis methods. 

 
Their nano size makes them great conductors, 

with electrons passing effectively through them, a 
property that has been considered significant 
advances in the sphere of computer sciences [8].  

 

Silicon, gallium nitride, and indium phosphide 

semiconductor nanowires have displayed  
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Figure 1. SEM image of the nanowire array; each nanowire is about 40–60 nm diameter. Image 
courtesy: Microdevices Laboratory-NASA. 

 
outstanding optical, electrical, and magnetic properties. Nanowires could be used in high-density data 
storage as magnetic read heads, electronic and opto-electronic Nano devices, and for metallic 
interconnects in quantum & Nano devices [9-12]. The preparation method of these nanowires depends 
on major growth techniques, which involves self-assembly processes, chemical vapour deposition 
(CVD) onto patterned substrates, electroplating or molecular beam epitaxy (MBE). 

 

Moreover, the one-dimensional (1D) nature of nanowires allows materials synthesis in generally in-
accessible compositional areas, which has been as of late exhibited in single-crystalline InGaN 

nanowires with a tunable bandgap from the UV to the close infrared. In genetics, scientists have utilized 

nanowires to make artificial protein-coding DNA. Such nanowires are shaped utilizing amino acids, 

which are fundamental units of proteins, and DNA [13]. The innovation could be utilized to work on 
the production or creation of proteins, accordingly, propelling protein research and possibly prompting 

progresses in therapeutic applications, for example, for the substitution or fix of dysfunctional proteins 

[14-15]. 
 

Applications of Nanowires 

i. Protein nanowires that produce electric current when presented to water vapour in air. 
ii. Solar-cell utilizing graphene covered with zinc oxide nanowires. The scientists believe that this 

will permit the creation of minimal expense adaptable solar cells at sufficiently high efficacy. A 

technique called Aerotaxy to make semiconducting nanowires on gold nanoparticles. They 

intend to utilize self-assembly procedures to adjust the nanowires on a substrate, forming a solar 
cell or other electrical gadgets. The gold nanoparticles take place of the silicon substrate on 

which ordinary semiconductor based solar cells are constructed. Sunlight can be gathered in 

nanowires because of a resonance effect. Utilizing light absorbing nanowires inserted in an 
adaptable polymer film is one more technique being created to deliver minimal expense 

adaptable solar cells [16]. 

iii. Nanowire based sensor to identify marks of bladder and prostate cancer in urine tests. 

iv. Manganese dioxide nanowires to foster adaptable capacitors. The thought is to have the 
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capacitors in fabric to give storage for energy for wearable electronics [17]. 
v. Silicon nanowires on a stainless-steel substrate showed that batteries utilizing these anodes could 

have up to 10 multiple times the power density of normal lithium-ion batteries. Utilizing silicon 

nanowires, rather than bulk silicon fixes an issue of the silicon breaking, that has been noticed 
on cathodes/anodes utilizing bulk silicon. The breaking is caused on the grounds that the silicon 

swells up as it ingests lithium ions while being re-energized, and contracts as the battery is 

discharged and the lithium ions leaves the silicon. Anyway, the specialists found that nanowires 
don't get cracked, unlike anodes that uses the bulk silicon. 

vi. Utilizing silver chloride nanowires as a photo catalysis to disintegrate natural particles in 

contaminated water. 

vii. Utilizing an electric filter made out of silver nanowires, carbon nanotubes and cotton to destroy 
bacteria in water. 

viii. Using nanowires to assemble transistors without using p-n junctions. 

ix. Sensors operating with zinc oxide nano-wire identification components fit for identifying a 
range of chemical vapour. 

x.  Nanowires may be utilised to make Photonic Integrated Circuits. A photonic integrated circuit 

(PIC) or integrated optical circuit (IOC) is a device that combines numerous (at least two) 
photonic functionalities and is therefore analogous to an electrical integrated circuit. The major 

difference between the two is that a photonic integrated circuit offers utility for information 

signals imposed on optical wavelengths, often in the visible or near infrared 850 nm-1650 nm 

range. 

 

Photodetectors 

Photodetectors, also called as photo sensors, are the devices that detect or sense light energy or 
photons and gives an electronic output signal like voltage or electric current whose intensity is 

proportional to the detected optical power and hence this is an opto-electronic device [18]  

(Table 1). 

Different sorts of photodetectors can be incorporated into gadgets like power meters and optical 
power screens. Others can be made as huge 2D arrays, for example for imaging applications. For 

instance, there are CCD and CMOS sensors which are utilized principally in cameras. 

 
Table 1. Types of Photodetectors. 

S.N. Types 

1 Photodiodes: These are semiconductor gadgets with a p-n or p-I-n junction (I= intrinsic), where the light gets 
absorbed in the depletion layer and creates a photocurrent. Such gadgets can be extremely compact, quick, 
linear, and display a high quantum efficacy (i.e., produce almost one electron for every occurring photon) and 
a high unique range, given that they are worked in in parallel with satisfactory electronics. An especially 
delicate sort of is an Avalanche photodiode, which are some of the times utilized for an event of photon 
counting. 

2 Metal-semiconductor-metal (MSM): These photodetectors contain two Schottky contacts rather than a p-n 
junction. They are possibly quicker than photodiodes, with bandwidth up to many gigahertz. 

3 Phototransistors: These are like photodiodes, yet take advantage of interior enhancement of the photocurrent. 
They are less as often as possible utilized than photodiodes. 

4 Photoconductive detectors: These are sometimes also relied on specific semiconductors, for example 

Cadmium Sulphide (CdS). They are less dear than photodiodes, yet they are genuinely slow, are not 
exceptionally sensitive, and show a nonlinear reaction. Then again, they can respond to long-wavelength 
infrared light 

5 Phototubes: These are vacuum tubes or gas-filled tubes where the photoelectric impact is taken advantage of. 

6 Photomultipliers: These are an exceptional sort of phototubes, taking advantage of electron multiplication 

processes for getting a much-expanded responsivity. They can likewise have a fast speed and enormous active 
region. 

7 Novel photodetectors: Research is performed on novel photodetectors in light of carbon nanotubes (CNT) or 
graphene, which can offer an extremely wide wavelength range and an exceptionally quick response. Ways for 
incorporating such gadgets into optoelectronic chips are being explored. 
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Properties of Photodetectors 
i. They should be sensitive in a specific spectral region (range of optical wavelengths). Now and 

again, the responsivity ought to be consistent or if nothing else must be well defined inside some 

frequency range. It can likewise be essential to have no reaction in some other wavelength range; 
a model is sunlight based blind photodetectors, being sensitive just to short-wavelength UV light 

however not to visible sunlight. 

ii. The responsivity implies how much electrical sign is acquired per unit optical power. It relies 
upon the optical wavelength. 

iii. Now and again, a high responsivity, yet additionally a great quantum efficacy is necessary, as 

in any case extra quantum attenuation can be present. This applies for example to identification 

of squeezed conditions of light, and furthermore influences the photon detection possibility of 

photon counting detectors. 

iv. The active region of a detector can be significant for example while working with much 

divergent beams from laser diodes. A sufficiently high uniformity of the responsivity might be 

significant. For light sources with exceptionally huge and additionally non-constant divergence 

of beams it’s not really imaginable to get all light onto active region; an incorporating sphere 

may then be utilized (with suitable adjustment) for estimating the net power. 

v. For detecting light pulses (on a few photons level), the timing accuracy might be of interest. A 

few detectors have a definite "dead time" after the identification of a pulse, where they aren't 

sensitive. 

vi. Various kinds of detectors require pretty much complex electronics. Penalties as far as size & 

cost may result for instance, from the prerequisite of applying a high voltage or in detection of 

minuscule voltages. Especially a few mid-infrared detectors need to be cooled to low 

temperatures reasonably. This makes their utilization under different conditions impractical 

[19]. 

vii. At long last, the size, robustness and cost are fundamental for some applications. 

 

Applications of Photodetectors 

i. In radiometry and photometry, they can be utilized for estimating properties like optical power, 

iridescent flux, optical intensity and irradiance, related to extra means additionally for properties 

like the radiance. 

ii. They are utilized to determine optical powers for example in spectrometers, light-barriers, 

optical data storage gadgets, auto correlators, beam profilers, fluorescence micro-scopes, 

interferometers and different kinds of optical sensors. 

iii. Especially sensitive photodetectors are expected for laser rangefinders, LIDAR, quantum optics 

experiments and night vision gadgets. 

iv. Explicitly quick photodetectors are utilized for optical fiber communication, optical frequency 

metrology and for the portrayal of pulse lasers or laser noises. 

v. Many 2D arrays that are having a number of identical photodetectors are used as focal plane 

array, mainly in imaging applications. For instance, most of the cameras these days have this 

type of devices as image sensors. 

 

Future Scope 

The possible future uses of NW PDs are many, to describe a few of them, very recently, there have 

been some fascinating advancements in the behaviour of ZnO NWs to white light irradiation (> 400 

nm). A group of scientists published results from a series of tests on a ZnO-NW-based FET device that 

responds to visible light in a variety of settings (air, vacuum, N2, and O2). Because these NW PDs may 

be converted from n-type to p-type with an increase in phosphorus content, ZnO:P NWs can play a vital 

and significant role in optoelectronics.  

 

CONCLUSION 

Here, we have tried to discuss all the aspects required to understand Nanotechnology, nanowires and 
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mainly a broad overview of Nanowire photodetectors and also their applications. Nanowire 

photodetectors have a lot of potential, and more can be done in order to enhance performance, 

dependability, and fabrication yield while keeping manufacturing costs low. 

 

NW PD research is very interdisciplinary from a scientific standpoint, involving low-dimensional 

nanostructure physics, materials science, and device engineering. 

 

Finally, cost-cutting methods are required to keep nanowire photodetectors compete with well-

established technology. Despite these obstacles, NW photodetectors have the potential to become 

keystone elements in developing domains such as high-resolution imaging, quantum optics, integrated 

photonics, and high-speed optical signal processing, as well as photochemical transducers.  
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