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Abstract: In the following, we focus on the exploration of DNA bio-molecules as 

prospective candidates for molecular electronic devices [1]. For the scientists 

devoted to the investigation of charge mobility in DNA, a no less important 

motivation than the strong technological drive is that DNA molecules comprise an 

excellent model system for charge transport in one-dimensional polymers. This 

most well-known polymer enables an endless number of structural manipulations 

in which charge transport mechanisms like hopping and tunneling may be studied 

in a controlled way. The DNA materials having the Semiconducting and conducting 

properties for their proper configuration. In this paper we describe the importance 

of DNA molecules as Semiconductor and Conductor by their appropriate 

configuration. 
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1 INTRODUCTION  
In the following, we focus on the exploration of 

DNA bio-molecules as prospective candidates for 

molecular electronic devices [1]. For the scientists 

devoted to the investigation of charge mobility in 

DNA, a no less important motivation than the strong 

technological drive is that DNA molecules comprise 

an excellent model system for charge transport in 

one-dimensional polymers. This most well-known 

polymer enables an endless number of structural 

manipulations in which charge transport 

mechanisms like hopping and tunneling may be 

studied in a controlled way. Two of the most unique 

and appealing properties of DNA for molecular 

electronics are its double strand recognition and a 

special structuring that suggests its use for self 

assembly. Molecular recognition refers to the ability 

of certain molecules to form selective bonds with 
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other molecules and substrates, based on certain 

structural information encoded into the structure of 

the molecule. This is available in DNA due to 

highly selective bonding of the purines and the 

pyrimidines (the A:T and the G:C hydrogen 

bonding) which form the inner core of a DNA 

molecule.  

Molecular recognition may help in molecular 
electronics in many ways [1]: 

i) Driving the fabrication of devices and integrated 

circuits from the basic building   blocks.  

ii) Incorporating them into supra-molecular arrays. 

iii) Allowing for selective action of the molecule on 

some species which may result in the doping of the 

molecule.  

iv) Controlling the response to external 

perturbations resulted in by interacting partners or 

applied fields. 

Self-assembly is the capability of the molecules to 

spontaneously organize themselves into 

supramolecular arrays, which may drive the design 

of well-structured systems.  

Self-organization may occur both in solution and in 

the solid state through hydrogen-bonding, Van der 

Waals and dipolar interactions, and by metal-ion 

coordination between the components.  

The concept of selectivity, upon which both the 

concept of recognition and self-assembly are based, 

originates from the concept of information and that 

this information is stored as the various 

configurations of a molecule which can be acted 

upon in different ways 

2 WHAT IS DNA? 
DNA, or deoxyribonucleic acid, encodes the 

architecture and function of cells in all living 

organisms. 

2.1 DNA Structure [3] 
DNA, shown in Fig. 1, is made of a sequence of 
four bases: thymine (T), cytosine (C), adenine (A), 
and guanine (G) (See Fig. 2 for a schematic of each 
base), attached to a phosphate-sugar backbone. Any 
particular sequence forms a single strand of DNA. 
Two strands may come together through hydrogen 
bonding of the bases A with T (A T) and G with C 
(GC). This forms the double helix structure 
discovered by Watson and Crick. 

The DNA double helix is made of two strands, 
which are each a sequence of four bases attached to 
a Phosphate-Sugar backbone. The bases opposite 

each other on the two strands are bonded by 
hydrogen bonds. (b) Schematic of the chemical 
structure of the Phosphate-Sugar backbone of a 

single strand of DNA. 

 

Fig. 1(a). DNA double helix. 

 

Fig. 2. The four bases that compose DNA: (a) Adenine, (b) 

Guanine, (c) Thymine, and (d) Cytosine. 

 

Fig. 3. Base pair sequence of DNA. 

Double-stranded DNA is due to hydrogen bonding 

between bases on two single strands. In this case, 

the bases come together in what is called Watson–

Crick base pairing. 

The A base only pairs with T, and the G base only 

pairs with C. These pairs allow for the formation of 

the double helix, a secondary structure of DNA (see 

Fig. 1). The carbons which bond to the phosphate-

sugar backbone on each side of either base pair are 

the same distance apart, which allows for the 

regular structure of the helix. 
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To understand what the double helix of DNA itself 

looks like (Fig. 4), imagine it as a long, straight 

ladder with flexible uprights and ten solid, flat, 

horizontal rungs. 

Facing the ladder, keep the base still, and take the 

top of each upright in one hand. Then twist the 

uprights around, pushing the right upright away 

from you, and pulling the left upright towards you. 

Carry on twisting until the tops of the uprights are 

back to where they started, having travelled through 

360 degrees.  

The rungs remain parallel to the ground. Now you 

have a rather large outline model of one complete 

turn of the DNA double helix (one helix from each 

upright) with ten base pairs. DNA goes on for many 

thousands of base pairs in this way. The ‘uprights’ 

in DNA are called its backbone. They consist of a 

regular arrangement of a type of sugar, called 

deoxyribose (the ‘D’ of DNA), and with small 

chemical Phosphate groups (the Sugar–Phosphate 

backbone’). 

In a straight ladder, the supporting uprights have to 

be kept the same distance apart. 

In DNA, the uprights are the same distance apart 

because each rung is made from a pair of particular 

chemicals called bases. One base of each pair is a 

purine (the purines which go into DNA are guanine 

and adenine); the other base of each pair is a 

pyrimidine (the pyrimidines which go into DNA are 

thymine and cytosine). The purines are bigger than 

the pyrimidines, but the two purines are about the 

same size as each other, and the two pyrimidines are 

also about the same size as each other. Since all the 

‘rungs’ or base pairs have to contain one purine and 

one pyrimidine, they will all be about the same size. 

 In fact, there is a further restriction on how the 

structure can vary, because only two combinations 

of bases are permitted. Thymine pairs with Adenine 

(T with A); Guanine pairs with Cytosine (G with C). 

The pairing is through weak chemical bonds called 

hydrogen bonds, three to join a G to a C and two to 

join an A to a T. Just as the rungs of our imaginary 

ladder lie parallel to the floor, so the base pairs ‘sit’ 

flat, at right angles to the long axis of the DNA. 

There are ten base pairs per complete DNA turn. 

The left-hand drawing shows the helix as a straight 

ladder, so you can see an example arrangement of 

base pairs. The right-hand drawing shows the 

ladder’s actual shape, twisted into a helix. In reality 

the base pairs lie flat, like the rungs of the ladder, 

but here they are shown upright so they are easier to 

see. 

 

Fig. 4. The structure of the DNA helix. 

 
3 ELECTRONIC PROPERTIES OF DNA 
3.1 The DNA molecule: a Conducting Nanowire 

[2] 

It is generally believed that DNA is a poor 

molecular wire. The reasons for this believe include: 

The injection of charge from the metal to the DNA 

duplex requires overcoming the high barrier caused 

by the large ionization potential of DNA duplex 

(I~7 eV for holes). 

Electronic coupling is very small (b≤0.1 eV), so the 

charge motion is extremely slow (microsecond 

range for a single jump). 

The DNA duplex is similar to one-dimensional 

random structures. If it is long enough all Eigen 

modes are localized and the conductivity of the 

molecule decreases exponentially with its length. 

The DNA is soluble in water, and methods have 

been developed to stretch out long DNA molecules 

on various surfaces, including those of silicon 

wafers. All this would, at least in principle, allow 

interfacing these biomolecules in a highly parallel 

fashion to structures produced by silicon technology. 

Provided the DNA is capable of carrying out 

electronic functions, this could be the beginning of a 

development that might lead to integrated DNA-

based electronic devices. 

3.2 DNA is a Semiconductor 

The DNA is a wide band gap semiconductor with 

non linear I-V characteristics. The poly(G)-poly(C) 

molecules in DNA exhibits the semiconductor 

properties. The B-DNA shows the semiconductor 

like conduction properties. The lower oxidation 

potential of Guanine makes it behave like a p-type 

semiconductor whereas the higher oxidation 

potential of Cytosine makes the latter behave like a 

n-type semiconductor  

3.3 Self Assembling Property of DNA Molecules 

The self-assembly process will use DNA "tags" 

applied to the end of nanotubes to place the 
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nanotubes as desired on the DNA scaffolds. 

Because of its chemical structure, a single-stranded 

DNA molecule seeks to bind to a "complementary" 

strand to form a double strand, like two pieces of a 

puzzle fitting together. The tags work like Velcro. 

Lebeck said "By putting a single strand of DNA on 

the end of a nanotube and the complementary single 

strand at one end of a waffle, we can get the 

nanotube to bind there." 

The potential application of DNA self-assembly and 

exotic nanomaterials to computing and electronics 

has attracted the attention of researchers all over the 

world. 

4 MOBOLITY OF DNA MOSFET  
This mobility is field effect mobility, µFET. At higher 

biases the current starts to increase more rapidly 

with voltage, implying an increase of the mobility. 

Varying the temperature, it is found that the 

mobility is also strongly T-dependent, and the time-

of-flight (TOF) measurements have shown that the 

dependence of the mobility μ on the electric field E 

is approximately of the Poole–Frenkel form [6]. So 

the mobility of DNA is field and time dependent 

mobility is expressed as: 
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with the Boltzmann constant k = 8.617X10-5 eV/K 

and where μ0 is the zero-field mobility for a 

particular carrier species in the material and F0 is a 

constant for a given material that is temperature 

dependent. 

For the calculated μ0(T), an activation energy Δ= 

0.48 eV, and a mobility prefactor μα = 2X10-3 

m2/Vs have been found. 

Analysis of the field prefactor α as a function of T 

gives   B = 2.8X10-5 eV (V/m)-1/2 and T0 = 500 K 

5 SOME PRESENT AND FUTURE 
APPLICATIONS OF DNA LIKE 
NANOMATERIALS 
5.1 Biochemical Sensors [1] 

The sensor consists of polarizable molecular 

monolayer’s that adhere (i.e. self-assemble) to an 

underlying CMOS-compatible integrated circuit. 

The molecular monolayers are designed in such a 

way that their physical structure changes after 

exposure to the chemical of interest. The change in 

physical structure leads to a change in their 

electrical polarization which is detected by a 

sensitive transistor immediately below the 

monolayer. It is possible to design the molecular 

monolayers to respond to a wide range of individual 

chemical agents. The device combines the 

enormous flexibility associated with organic 

synthesis with the mass production capability of 

silicon chips. It is possible to design the molecular 

monolayers to respond to a wide range of individual 

chemical agents. The device combines the 

enormous flexibility associated with organic 

synthesis with the mass production capability of 

silicon chips. 

 

Fig. 5. DNA based bio sensors. 

The device combines the enormous flexibility 

associated with organic synthesis with the mass 

production capability of silicon chips. It will be 

possible to integrate the sensing elements with 

peripheral electronic circuitry that will perform both 

analog and digital signal processing. The 

information provided by the chip can be fed to a 

central computer to form a complete system for 

monitoring chemicals that influence our quality of 

life.  

5.2 DNA Chip [1] 

Of particular interest for the diagnosis of cancer, 

infectious and genetic diseases as well as for 

applications in drug discovery and biomedical 

research are DNA chips.  

A basic DNA chip might consist of arrays of spots 

of DNA sequences (oligo-nucleotides) attached to a 

solid substrate. 

Such as glass. Many thousands of such spots, each 

corresponding to a unique DNA sequence, can be 

"printed" onto a square-centimeter-sized chip by the 

use of photo-lithographic techniques, so that an 

enormous number of sequences may be printed in 

just a few steps.  
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The oligo-nucleotides on the DNA chip array are 

designed to be complementary to those for which 

the test is being carried out. This means they will 

only bind to a complementary DNA base sequence 

that is unique to a particular bacterium, virus, 

cancer gene or genetic disorder. The process by 

which the two complementary oligo-nucleotides 

bind together is called hybridization. It is the 

detection of the hybridization reaction that allows 

the unambiguous identification of the target DNA. 

Optical techniques are commonly used to detect 

hybridization. The DNA chip is then incubated with 

the fluorescently labeled target DNA and rinsed, 

and hybridization is detected by fluorescence at the 

sites where target DNA (and its associated 

fluorescent tag) has bound.   
 

 

Fig. 6. DNA chip with probe target hybridization. 

The detection procedure begins with illumination of 

the chip with light that excites the fluorescent 

molecules, and the location of the fluorescent spots 

is determined by confocal microscopy. Automated 

systems for doing this readout step are 

commercially available from Molecular Dynamics 

and Hewlett-Packard. They utilize automated image 

analysis of the illuminated, hybridized arrays to 

generate a map of the location of the hybridized 

DNA, and thus identify the target DNA. This 

approach is indirect. The optical readout step must 

be followed by image analysis and processing 

before the target DNA is identified, greatly 

complicating the readout process.  

Furthermore, the present approach requires labeling 

of target DNA.  It would be desirable to use 

electronic means to detect hybridization.  

An all-electronic DNA chip would reduce system 

complexity with a corresponding decrease in cost 

and increased throughput. It would also eliminate 

the need for fluorescent labeling, and associated 

uncertainties. We are now adapting the hybrid 

molecular-MOSFET to make it suitable for the 

detection of DNA hybridization.  

The figure shows how a carboxylated DNA 

oligomer could be attached via siloxane bonds to 

the oxide layer. After binding the probe DNA to the 

molecular-MOSFET, the device will be exposed to 

target DNA and hybridization allowed to occur. The 

increase in linear charge density along the molecule 

will be detected by measuring the current change in 

the MOSFET resulting from the change in threshold 

voltage. 

5.3 Templates for Conducting Metallic Wires 

The DNA acts as a linear template for conducting 

metallic wires. 

5.4 Application in Molecular Electronics 

The logic devices and memories are formed by the 

single conducting molecules like DNA. 

5.5 Molecular Computing 
The combined DNA+CNT system may be used as 
nonvolatile RAM for molecular computing. The ON 
and OFF states would correspond to the current 
flow and halt in the DNA molecule when a bias 
voltage is applied to the CNT. 

5.6 Nanotubes 

DNA provides basic building blocks for 

constructing functionalized nanostructures with 

four major features: molecular recognition, self 

assembly, programmability and predictable 

nanoscale geometry. 

6 CONCLUSION 
The DNA materials can be used as a 

semiconducting material for a DNA based FET 

design by using two important properties of DNA. 

Two of the most unique and appealing properties of 

DNA for molecular electronics are its double strand 

recognition and a special structuring that suggests 

its use for self assembly. Molecular recognition 

refers to the ability of certain molecules to form 

selective bonds with other molecules and substrates, 

based on certain structural information encoded into 

the structure of the molecule. This is available in 

DNA due to highly selective bonding of the purines 

and the pyrimidines (the A:T and the G:C hydrogen 

bonding) which form the inner core of a DNA 
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