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In this paper we describe recent advances
in the rapidly developing area of analyte
detection using field-effect transistors (FETSs)
based on carbon nanotubes or nanowires. In
this article behavior and advantages of one-
dimensional nanomaterials for biosensing
application is depicted. Among one-
dimensional nanometer-scale materials, carbon
nanotubes and nanowires offer unique
electronic and mechanical properties that make
them extremely attractive for the task of
biosensing.

The structures and work principles of FET-

biosensors based on carbon
nanotubes/nanowires is discussed. Carbon
nanotubes/silicon nanowire field-effect

transistors have recently attracted great
attention as promising tools in biosensor
design because of their biocompatibility, size
compatibility, ultrasensitivity, selectivity and
label-free and real-time detection capabilities.
In addition, interaction mechanisms between
transducer elements of FET-biosensor (carbon
nanotubes or nanowires) and target entities is
also reviewed. Finally, applications of FET-type
biosensors for measurement of different
analytes is highlighted in this review. Proteins
interaction, antibody—-antigen reactions
including prostate-specific antigen detection,
DNA hybridization and enzymatic reactions
involving glucose is shown. Reference 36,
figures 5.

Keywords: nanobiosensor, field-effect transis-
tor, carbon nanotubes, nanowires, FET-based bio-
sensor.

Introduction

Modern medical diagnosis is mainly based on
laboratory tests that require the involvement of
highly skilled and experienced staff and a large
amount of laboratory instruments and devices.
Laboratory diagnostic techniques provide highly
accurate results, but the main disadvantages of
these diagnostic methods are great waste of time,
high cost and use of huge devices. Quick, cheap
and easy-to-use real-time “point-of-care” systems

for testing in near patient locations, without the
need for sample transport and delays associated
with dedicated central laboratories, can significantly
improve the quality of health care service. [9]

Label-free electrical monitoring of
biorecognition events provide a promising platform,
which is simpler, cheaper and requires less energy.
Rapid testing of various analytes is required in
various applications ranging, including the chemical
analysis, clinical diagnosis/monitoring and drug
discovery, environmental monitoring, food analysis,
the bioterrorism detection technologies and many
other fields.

For the last years the number of articles
describing advantages in FET-based biosensors’
development has increased at times. Research
reports describing the new biosensors for the
detection of analytes in a clinical setting continues
to increase, but the movement of the biosensor
research laboratory to the clinical laboratory
remains slow. Great necessary of such biosensors
will be felt at “point-of-care” testing locations
without laboratory  support. Integration  of
biosensors in a reliable, easy-to-use and rugged
instrumentation will be required to ensure the
success of biosensor-based systems at the “point-
of-care” testing systems. To create highly sensitive
biosensors, applications of nanoscience will be
required. Nanotechnology can be used to enhance
the performance of biosensors using
electrochemical, optical, mechanical and physical
modes of transduction and to allow arrays of
biosensors to be constructed for parallel detection.

Dimensions of nanomaterials (1—100nm)
provide a perfect study opportunities of most
biological entities, such as nucleic acids, proteins,
viruses and cells [9]. Also, the high surface-to-
volume ratio of nanomaterials allows a large
number of the constituent atoms in the material to
be located close to the surface. This feature
permits the surface atoms play important role in
determining the physical, chemical or electronic
properties of nanomaterials. In addition, some
particular nanomaterials with surfaces, which are
easy chemically modify, are good candidates for
nanoscale sensing applications.
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Biosensors, described in this paper, are used
mainly to detect cancer biomarkers, cardiac
biomarkers, biomarkers for autoimmune diseases,
infectious diseases, DNA/RNA, etc.

One-dimensional nanomaterials for biosensing
application

One-dimensional (1D) nanomaterials have
found applications as building blocks for nanode-
vices such as transistors, probes, biological and
chemical sensors. 1D nanomaterials, such as
carbon nanotubes (CNTs), nanowires (NWs), etc.,
have unique electronic and mechanical properties,
that make them extremely attractive for the task of
biosensing. In particular, 1D nanomaterials are
directly comparable to the size of most biological
substances, such as molecules, nucleic acids,
proteins, viruses, cells, carbohydrates and
aptamers (Fig.1) [9]. Several experiments have
confirmed the applicability of nanomaterials in
biosensors by demonstrating sensor systems for
different types of biomolecules [34]. However, the
interaction mechanisms had not been clearly

identified.
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Fig. 1. Size of several nanomaterials is compared to
the size of some biological entities, such as nucleic
acids, proteins, virus and cells. Reprinted from [23]

1D nanomaterials possess unique physical and
chemical properties because of their size. They
have high sensitivity to molecular adsorption on the
tube wall. These properties make CNTs/NWs well
suitable for electronic detection of biomolecules or
other analytes for a wide range of electrochemical
biosensors application (Fig.2). The detection of the
substances occurs with high accuracy, selectivity,
stability, degree of immobilization, specificity,
sensitivity, directly. NWs and CNTs can be used for
direct, label-free and real-time detection of
biomolecule binding by taking advantage of their
properties. Thus, among different 1D
nanomaterials, CNTs and NWs have a great
potential for biosensing applications [1]. Biosensors
based on CNTs/NWs can provide a promising
platform for quick and inexpensive chemical and

biological analysis of substances in biological
fluids. The usage of sensors based on CNTs/NWs
in medicine is rapidly evolving and favor the
significant expansion of diagnostic capabilities.
Recent biosensing literature has reported the
use of either CNTs or NWs as transducer for a
number of biological analytes. However, combining
these two nanomaterials may offer an interesting
comparison and also novel sensing strategies [20].
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Fig. 2. The construction of typical biosensors with
elements and selected components. Reprinted from

[51

Carbon nanotubes are allotropes of carbon with
a cylindrical nanostructure. Nanotubes have been
constructed with length-to-diameter ratio of up to
132.000.000:1.

CNTs can be realized as graphite sheets that
have been rolled into cylinders. These sheets are
rolled at specific ("chiral") angles and the
combination of the rolling angle and radius defines
the nanotube properties. The properties of CNTs
depend strongly on physical properties, such as
their diameter, their length, the presence of
residual catalyst and chirality. In addition, carbon
nanotubes may have properties either metallic
conductors or semiconductors, based on the
chirality of the structure.

Since CNTs have been discovered by S. lijima
[17]in 1991, they have become the most promising
nanostructured 1D materials.

Most of CNTs are synthesized by carbon arc
methods, laser evaporation or chemical vapor
deposition (CVD) method.

Semiconductor nanowires are nanostructures,
such as solid semiconductor rods, beams or
ribbons that have a thickness or diameter in the
range to tens of nanometers. Typical nanowires
show length-to-width ratio of 1000 or more. At
these scales, quantum mechanical effects are
important and NWs have the behavior of “quantum
wires”. NWs have many properties that cannot be
observed in bulk. This is because electrons in
nanowires are quantum confined laterally and thus
occupy energy levels that are different from the
traditional continuum of energy levels or bands
found in bulk materials.
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Many different types of NWs exist, including
metallic (e.g., Ni, Pt, Au), insulating (e.g., SiO2,
TiO2) and semiconducting (e.g., Group IV — Si and
Ge nanowires, Group llI-V InAs, GaAs, GaN
nanowires, Group II-VI CdS, CdSe, ZnS, ZnSe
nanowires and metal oxide nanowires such as
In203 [20], ZnO, Sn02, etc.) These semiconductor
materials have been used as field-effect transistors
or nanoelectrode materials for biosensing. [23]

NW can be synthesized by several common
laboratory techniques, including suspension,
electrochemical deposition, vapor deposition, lon
track technology and VLS growth.

Biosensors based on field-effect transistors
with 1D nanomaterials

Field-effect transistors can be suitable candi-
dates for biological sensors, due to their ability to
directly convert the interaction with target mole-
cules taking place on the FETs’ surface into electri-
cal signal [25]. FET is a type of transistor
commonly used for weak-signal amplification. FETs
show potential for very high sensitivity since the
depletion or accumulation of charge carriers, which
are caused by the binding of charged biological
entities on the surface of NWs or swCNTs, can
affect the entire cross-sectional conduction
pathway of these nanostructures.

FET-biosensor has the structure of typical
three-electrode transistor (Fig.3), where NWs or
networks of swCNTs placed between a source and
a drain electrode on a SiO2/Si substrate and the
gate electrode modulates the channel conductance
[9], the physical diameter of the channel is fixed,
but its effective electrical diameter can be varied by
the application of a voltage to gate electrode. The
Si layer can act as back gate, which is separated
by an insulating layer of SiO2. Since the work
function of CNTs/NWs is higher than that of most
metals, the contact barrier between CNTs/NWs
and metals is usually a Schottky barrier. The height
of the Schottky barrier in the FET-biosensors
contact is determined by the work function of the
electrode metal.
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Fig. 3. Structure of FET-type nanobiosensor

The conductivity of the FET depends on the
electrical diameter of the channel. The
conductance of CNTs/NWs-based FET can be
modulated by applying a potential to the gate
electrodes with a constant drain-source bias
voltage. A small change in gate voltage can cause
a large variation in the current from the source to
the drain by which the FET amplifies signals.
Because of its high sensitivity, FETs have been
widely used in biosensor application. [31]

Biosensors based on carbon nanotube field-
effect transistors

Semiconducting swCNTs play a central role in
the operation of swCNTs-based field-effect transis-
tors (swCNTs-FETs). Biosensors based on
swCNTs field-effect transistors [1] were first
obtained in 1998 by the groups of both Dekker at
Delft University [30] and Avouris at IBM [22]. The
first biological application of swCNTs-FETs was
proposed by the Dai group in 2003 while
investigating specific protein—protein interactions
[6]. FET-type biosensors have attracted great
attention because of high selectivity and sensitivity,
real-time response and label-free detection
capabilities.

There are two classical types of biosensor
device design regarding swCNTs-FETs. The first
design uses a single CNT to act as an electron
channel between the source and drain electrodes
[22, 30]. The second type of structure uses a
network of CNTs serving as a collective channel
between the source and drain.

Semiconducting CNTs can be used to fabricate
swCNTs-FETs, which can operate at room
temperature and in ambient conditions.

In scientific reports various mechanisms of
swCNTs-FETs-based sensors operation such as
electrostatic gating, changes coupling, carrier
mobility changes and Schottky barrier effects were
shown.

Recognition mechanisms between CNTs/NWs
and analytes

In the case of biosensors based on field-effect
transistors, the semiconductor channel is made of
a nanomaterial (CNTs, NWs) and used as the ex-
tremely sensitive transducer element of the device.
In order to provide selectivity towards a unique
analyte, a specific recognition group (biological
receptors) fixtures to the surface of the
semiconductor channel.

The specific biological receptors are cramped
to the CNTs/NWs-based FET surface of the
semiconductor channel for recognition and binding
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of the target biomolecules through their high
specificity and strong binding affinity in the buffer
environment. When the target molecules bind to
the receptor molecules in solution, the surface
potential of the semiconductor channel changes
(Fig.4) [9], because of the charges of the target
molecules affect to the conductance of the
CNTs/NWs. This lead to channel conductance
modulating and the signal is collected by a
detection system. Thus, CNTs/NWs-based FET
can detect specific target molecules in real time by
monitoring the change of electrical characteristics.
[5, 19]
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Fig. 4. Mechanism to modulate the conductance of a
p-type NW FET. Reprinted from [9]

Antibodies are ideal receptors for recognition
and binding due to their specificities and strong af-
finities for cognate antigens. Antibodies have
numerous successful applications in the area of
diagnostics with antibodies and they were
successfully used in many types of biosensors.

The sensing could be controlled by the
interaction of molecules with metal contacts or the
contact interfaces. Adsorbed molecules can
change the metal work functions, and thereby the
Schottky barrier.

The interaction between analyte and CNTs
may have one of two effects. The first effect
involves charge transfer from molecules to the
carbon nanotubes. | this case, the threshold
voltage will become either more positive (electron
withdrawing from the target analyte to the CNTs) or
more negative (electron donation from the analyte
to the CNTs). In the second type of mechanism,
the analyte acts as a scattering potential across the
carbon nanotube. It is possible to distinguish two
mechanisms by taking measurements. In addition,
a scattering mechanism may be observed from an
overall drop in conductance. This is because of the
scattering effect induced by the target analyte
absorbed on the sidewalls of swCNT. [11]

Other authors describe interaction between
analyte and NWs as following. The charge transfer
between the analyte and NWs shifts the source-
drain current towards more positive (electron
donation from the analyte to the NWs) or towards
more negative (electron withdrawing from the
target analyte to the NWs) gate voltages. Also
molecules on the surface of the NWs may also act
as scattering centers, which means these
molecules, can decrease the mobility of electrons
in NWs, thus decreasing the current without
shifting. [34]

Heller's group [14] identified four different
mechanisms for biosensing proteins with CNTs-
based FETs, although they concluded that
electrostatic gating and Schottky barrier effects are
the two most relevant mechanisms. The
mechanisms for gas sensing in CNTs-based FETs
are differ from other entities biosensing. Peng’'s
group [24] identified two main mechanisms for NH3
detection depending on temperature (Schottky
barrier effects for temperatures below 1500C and
charge transfer for higher temperatures). CNTs-
based FETs sensors have shown sensitivity to
gases such as NH3, NO2, H2, CH4, CO, H2S and
some organic vapors such as ethanol and
methanol. A completely different mechanism was
proposed for the detection of mercuric ions in
solution.

But the exact mechanism of molecule detection
by CNTs/NWs-based FET is still a subject of
intensive debate in the literature and response
mechanisms depend on the type of detected
molecule.

Applications of CNTs/NWs - FETs biosensors

Several recent articles have reviewed biological
detection of variety of analytes [6,16], such as pro-
teins [1] (antibody-antigen interactions [6] and en-
zymatic glucose detection [3]), nucleic acids [10,
29], bacteria or higher cells [7] (e.g.,Salmonella in-
fantis, Escherichia coli or Candida albicans), vi-
ruses, aptamers, etc.

Lieber's group showed the usage of Si NWs-
based FET for detecting proteins [8], DNA hybrids
[10] and cancer markers [36]. This biodetection
approach may allow selective detection at the
single-particle level. This group was also able to
push the sensitivity of Si NWs for the purpose of
demonstrate their ability for single viruses
detection.

Protein detection

The immobilization of proteins on CNTs pro-
vides a straightforward biological detection. The
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majority of research reports towards biosensing
application of FET-biosensors describe the
interactions of CNTs and NWs with proteins. These
papers show some general detection mechanisms,
conductivity measurements based on interactions,
antibody—antigen interactions and enzymatic
glucose detection. [1]

The difference of proteins can be bound to the
CNTs’ surface via nonspecific adsorption. Protein
such as streptavidin crystallizes in a helical fashion,
resulting in ordered arrays of proteins on the
nanotube surface. It was observed that protein
adsorption is associated with the amino affinity of
CNTs and demonstrated by monitoring the
conductance change in a CNT. The intermolecular
interactions involving aromatic amino acids (i.e.,
histidine and tryptophan) in the polypeptide chains
of the proteins can help to the observed affinity of
the peptides to CNTs.

Star's group [4] has fabricated CNTs-based
FETs sensor which is sensitive to streptavidin by
using individual biotin-functionalized CNT arrays.
These CNTs in the CNTs-FETs sensor device was
coated with a mixture of two polymers:
poly(ethylene imine) (PEI) and poly(ethylene
glycol) (PEG). These polymers prevented the
nonspecific adsorption of proteins on the
functionalized CNT. The experiments point at the
specific binding of streptavidin, which occurs only
at the biotinylated interface. [1]

Experiments made by Cui’'s group [8]
demonstrated the real-time detection of streptavidin
binding to biotin-modified Si NW-FETs. They also
explored the ability of biotin-modified Si NW-FET to
detect streptavidin at the concentration of 10pM,
which is much lower than the detection level
obtained from other techniques.

It is well known that the interaction between
CNTs and protein molecules can be described as
nonspecific. Several research groups have found
that proteins adsorb onto the surface of a CNT
without any favour. Balavoine’s group [2] found that
the protein streptavidin binds strongly to the wall of
a CNT in a helical fashion. Other groups of Kam
and Dai [18] have shown other interaction between
proteins and CNTs. They discussed the nonspecific
binding after researching nanotubes as protein
intercellular transporters. They have found that
imparting hydrophilicity was not enough to block
this type of binding. Haddon’s group [35] also found
nonspecific binding between the cell and the
carbon nanotubes.

But in most cases, CNTs can be suitable to
specifically bind protein to the wall. There are a lot
of reports that demonstrate the ability to chemically
functionalize nanotubes for this purpose.

Two approaches to this kind of attachment
involve covalent and noncovalent. In terms of
covalent attachment, the CNTs are oxidized to
have free carboxyl groups that coupling with amino
groups in protein molecules. While covalent
modifications are often effective at introducing
functionality, they decrease the mechanical and
electronic properties of swCNTs.

But on the other hand, noncovalent
modifications, not only increase the solubility of
swCNTs in water, but also constitute
nondestructive processes, protection the primary
structures of the swCNTs along with their unique
mechanical and electronic properties. There are
two main schemes to noncovalent functionalization
of CNTs. The first type of noncovalent
functionalization involves bi-functional molecules
that exhibit t-1r stacking on the CNTs’ wall. For
instance, pyrene moiety, commonly used for
graphite functionalization, is typically used for
noncovalent functionalization. The second scheme
involves the use of a polymer addition. Dai’s group
[108] used polymer scheme to achieve protein
binding. [1]

Dai's group [6] has investigated specific
antigen—antibody interactions using NWs-based
FETs devices. They have successfully performed
the affinity binding of antibody to human auto
antigen.

Lee’s group [26] suggested the use of
aptamers for biomolecule recognition, instead of
antibodies. Aptamers are classified as artificial
oligonucleotides that are capable of a wide range
of detection of specific biomolecules with aptamer
configuration. The aptamer application is very
attractive because of their low cost and capability
of reversible denaturation, meaning that the
biosensor can be reused continuously. [1]

Antibody modification of CNTs/NWs-based
FETs sensors allowed detecting of pig serum
albumin and prostate-specific antigen (PSA) (Fig.5)
[20].

Fig. 5. Schematic representation of CNTs/NWs-based
FETs sensors including the surface modification and
molecular recognition procedures. Reprinted
from [5]
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CNTs/NWs-based FETs sensors can be util-
ized for PSA detection using so-called “bio-
markers”. The biomarkers are defined as indicators
of a biological state. It is a characteristic that is
objectively measured and evaluated as an indicator
of normal biological processes, pathogenic
processes, or pharmacologic responses to a
therapeutic intervention. In this reason, the
detection of specific biomarkers can be applied to
disease screening. For instance, prostate-specific
antigen (PSA) has been applied to prostate cancer
diagnosis [15]. However, these biomarkers usually
exist in the blood in extremely low concentrations.
Finding a method to rapidly and precisely detect
these biomarkers is an important task of clinical
diagnoses. PSA is often used as a model cancer
marker  for  demonstration of  biosensor
measurement principles.

Zheng's group [36] has applied a Si NWs-
based FETs sensor for the detection of multiple
cancer markers. The main advantage of the
ultrasensitive Si NWs-based FETs sensor is the
detection limit for these cancer markers, which is in
pg/mL scale. There are some problems regarding
to using the Si NWs-based FETs sensor to detect
biomarkers from a whole blood sample. The
reasons are in the ionic strength of the whole
blood; it could cause a very short Debye length to
severely limit the FET signals.

Stern’s group [28] has developed a microfluidic
purification chip system to pre isolate the target
molecules, followed by using NWs-based FETs
sensor to analyze the pre-purified sample.

CNTs-based FETs were applied to the real-
time detection of a cancer marker for
neuroendocrine tumors (chromo-granin A (CgA),
released from embryonic cortical neurons. [32]

Li’'s group [20] has studied the detection of
prostate-specific antigen by using a network of
CNTs as FET-biosensor. They have found the
sensitivity of CNTs’ network is comparable to
sensitivity of metal oxide NWs. They showed the
interaction between prostate-specific antibody and
antigen, and measured the electronic interaction.
Functionalization of the swCNTs uses a Tt-
stacking method with a pyrene moiety. [1]

The diagnosis and treatment of diabetes
mellitus requires a constant monitoring of blood
glucose levels. Similar to other glucose sensors,
CNTs-based FETs sensors for glucose detection is
based on enzymatic glucose oxidation and
subsequent hydrogen peroxide detection. The
glucose oxidase enzyme binds to CNTs’ surface of
FET-biosensor and  provides  biomolecular
diagnostic capabilities, such as pH sensing
enzymatic activity monitoring. [33]

Dekker’s group has studied the redox enzyme
glucose oxidase (GOx) that catalyzes the oxidation
of B-D-glucose (C6H1206) to D-glucono-1,5-
lactone (C6H1006) [3]. The redox enzymes go
through a catalytic reaction cycle, where groups in
the enzyme temporarily change their charge state
and conformational changes occur in the enzyme,
which can be detected by using CNTs-based FETs
sensors. These measurements indicate that the
GOx activity is responsible for the measured
increasing conductance upon glucose addition. [1]

Nucleic acids detection

There are a lot of reports on the electrochemi-
cal detection of DNA hybridization by using
CNTs/NWs-based FETSs. [33]

For instance, Li's group [21] was able to
covalently link DNA onto the tips of CNTs for DNA
detection. But other groups have focused on the
covalent functionalization aspect of CNTs by DNA
or other nucleic acids. Nucleic acids, such as
ssDNA, short double-stranded DNA and some total
RNA can disperse swCNTs in water. The charge
differences among the DNA and swCNTs, which
are associated with the negatively charged
phosphate groups of DNA and the different
electronic properties of swCNTs, have allowed
postproduction preparation of samples in metallic
and semiconducting swCNTSs.

Strano’s group [12-13] has found that the
conformational rearrangement of a biomolecule
could be transduced directly by a swCNTs. Staii’s
group [27] combined single-stranded DNA into a
FET-biosensor for detection of a range of vaporous
odors. Some of the vapors showed CNTs-based
FETs detection was water, propionic acid, tri-

methylamine, methanol, dimethyl
methylphosphonate and dinitrotoluene.
Most biological processes including DNA

hybridization involve electrostatic interactions and
charge transfer, which allows electronic detection
using CNTs-based FETs sensor device. DNA
molecules attached to the CNTs will influence
FET’s characteristics by electron depletion in the
channel, while chemicals attachment to metal
electrodes will influence only the metal/nanotube.

Tang’s group [29] examined the sensing
mechanism between the DNA and swCNTs. They
found that DNA hybridization on gold electrodes is
mainly responsible for the electrical conductance
change because of the modulation of the energy
level adjustment between swCNTs and the gold
contact, that means that the Schottky barrier plays
significant role in detection. [1]

Si NWs-based FETs were adapted for the
detection of DNA or RNA. Due to the large amount
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of negative charges in the phosphate backbones of
DNA or RNA, FET-biosensor offers a good
candidate for monitoring DNA or RNA
hybridizations, because the hybridizations cause
the accumulation or depletion of charge carriers in
the Si NWs-based FETs. This leads to a
conductance change. Peptide nucleic acid (PNA),
an artificially synthesized polymer similar to DNA,
is commonly used in biological research, especially
in DNA or RNA hybridizations. Because PNA has
no phosphate groups in its backbone, the binding
of PNA/DNA or PNA/RNA strands is stronger than
that of DNA/DNA or DNA/RNA duplexes due to the
lacking of electrostatic repulsion. Hahm’s group
has reported about real-time and label-free
detection of DNA with PNA-modified Si NWs-based
FETs. [10]

Conclusion

In this review, we have described modern ad-
vances in the field of biomolecule detection using
CNTs/NWs-based FETs biosensors. 1D
nanomaterials, such as CNTs and NWs have
unique semiconductor properties that make them

extremely attractive and could supply new
opportunities  for  CNTs/NWs-based FETs
fabrication for the purposes of biosensing

applications.

At the present time CNTs and NWs show
excellent detection possibilities of proteins, nucleic
acids, bacteria, higher cells, etc. These advantages
are used for drug-delivery systems, cancer therapy,
viral detectors and glucose sensors development.

Unfortunately, the movement of the FET-type
biosensors from research laboratories to clinical
laboratories is slow enough. But, it is important to
continue work on a variety of biosensor
technologies to permit a successful transition from
the research laboratories to location of patients.
The great impact of biosensor technology will be
felt “point-of-care” testing devices, especially in
places without laboratory support.

At the present time there are a lot of articles
and research reports which describe kinds,
structures, and work principles of biosensors based
on CNTs/NWs-FETs. Despite all achievement in
research institutes and laboratories, physics of
FET-based biosensors is not completely clear yet.
For example, the exact mechanism of molecule
detection by CNTs/NWs is still a subject of
intensive debate in the literature; it is only known
that response mechanisms depend on the type of
detected molecule.

There is extremely important to develop a
general efficient approach that will be able to
describe physical processes and improve

characteristics of biosensors based on CNTs/NWs-
FETs, because there is no general accepted

model, which could completely describe the
physics  of  FET-biosensors. For  better
understanding of physics of the FET-type

biosensors and optimization of the structures of
nano-dimensional biological sensor systems,
mathematical model of this device have to be
established and this will help to obtain accurate,
selective, stabile and sensitive biosensor.

Current transport changes through the
CNTs/NWs depending on the concentration of
attached entities, charge configurations, detecting
mechanisms, etc. have to be studied and depicted.
The mathematical models of ballistic transport in
the channel should be further improved and
supplemented with such parameters as: scattering
of charge carriers mechanism, velocity saturation
effects, mobility of charge carriers in CNTs, the
effect of the Schottky barrier, parasitic resistances,
resistances due to scattering effects, etc.
Simulations will help to understand the device
physics, explain of experimental data and chose
the optimal parameters for the high sensitivity and
selectivity of biosensor.
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KniHiuHi 3acTocyBaHHA GioceHCOpiB Ha OCHOBI NOMILOBUX
TpaH3UCTOpIB 3 ByrneLeBMMM HaHOTpyOGKammn abo HaHonpoBoAaMu

[.C. BominoBcbka
HauioHanbHUIN TeXHIYHWIA yHIBepcuTeT YkpaiHn "KUIBCbKUA MNOMITEXHIYHUIA IHCTUTYT",
np. MNMepemoru, 37, Knis-56, 03056, YkpaiHa.

B uin cTtatTi MM onucyeMo ocTaHHi AOCATHEHHS B CTPIMKO pO3BMBaHin 0bnacTi AeTeKTyBaHHS
aHaniTis 3 BUKOPUCTaHHAM nonboBux TpaH3aucTopiB ([1T) Ha ocHoOBi ByrneueBUXx HaAHOTPYOOK i
HaHonpoBogiB. Y Ui cTaTTi Bigo6pakeHO NoBeAdiHKy Ta NnepeBarn ogHOBUMIPHUX HaHOMaTepianiB
ONsi BUKOPUCTaHHA B GioceHcopax. NMomixx ogHOBMMIPHUX HaHOMETPOBUX MaTepianiB ByrneuesBi
HaHOTPYOKM i HaHONMpoBOAU NMPOMOHYKThL YHiKaNnbHi €NeKTPOHHI Ta MexaHi4yHi BNacTuBOCTiI, siKi
pobnATh iX HaA3BMYaNnHO NpUBabNMBMMYK ANA 3apad 6iogeTeKTyBaHHA.

MpoaHanizoBaHO CTPYKTypu i npuHumMnu po6otn lNT-6ioceHCOpiB Ha OCHOBI ByrneueBuX Ha-
HOTpPyOok / HaHonpoBopaiB. [lonboBi TpaH3UCTOPUM Ha OCHOBIi ByrneueBuX HaHOTPY6oOK /
KpeMHiEBUX HaHOMPOBOAIB OCTaHHIM 4YacoM MNpuBepTawdTb A0 cebe Benu4yesHy yBary sk
nepcneKkTUBHi IHCTPYMEHTU ANns NPOeKTyBaHHSA 6ioceHcopiB, Yepes ix 6iocyMiCHiCTb, CyMiCHOCTI 3a
PO3MipOM, yNbTPauyTNMBICTb, CENIEKTUBHICTb, @ TAKOX MOXNMBOCTI 663 MapKepHOro BUSIBIIEHHA B
pexumi peanbHoro 4acy. Kpim Toro, Takox npoaHasnizoBaHO MexaHi3Mu B3aemogil Mixk enemMeHTa-
Mu TpaHcablocepa [T-GioceHcopa (ByrneueBMMM HaHOTpPyObkamm abo HaHonpoBogamu) Ta
6ioob'ekTamu. Ha 3akiHYeHHA, B UbOMYy OrnsiAi OCHOBHa yBara NPUAINAETbCA 3acTOCYBaHHIO
GioceHcopiB Ha OCHOBI NONMBLOBUX TPaH3UCTOPIB ANA BUMIpPIOBaHHA pi3HMX aHaniTiB. MNoka3aHo
B3aeMogilo O6inkiB, peakuil0 aHTUTINO-aHTUreH, BKIIOYalyYM peakuilo BUSABNEHHS npocTaT-
cneundiyHoro aHTureny, IHK-riopuausauito i coepmeHTaTUBHI peakuii 3a y4yacTi rinoko3u. bion. 36,
puc. 5.

KnrouoBi cnoBa: HaHobioceHcop, nonbosuli mpaH3ucmop, eyaneuesi HaHompybKu, HaHornpoeodu,
bioceHcop Ha OCHO8I M0Ib08020 MpaH3ucmopa.
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KnnHuyeckune npnMmeHeHuA 6VIOCGHCOpOB Ha OCHOBe noJsieBbIX TPaH-
3NCTOPOB C yrnepoaHbIMUAN HaHOTPY6KaMVI nnn HaHonpoeBoaamum

[.C. BoannoBckas
HaunoHanbHbIM TeXHUYECKUn yHMBEpCUTET YKpauHbl "KneBCKUin NONUTEXHUYECKUA UHCTUTYT",
np. MNMobeakl, 37, Kues-56, 03056, YkpanHa.

B aTon cTtaTbe Mbl onMcbiBaem nocrieaHne OCTUXKEHUA B CTPEeMUTENbHO pa3BuBaroLencs ob-
nacTu AeTeKTUpOBaHMUA aHaNMTOB C UCMOJNIb30BaHMEM nosieBbiX TpaH3ucTopos (MT) Ha ocHoBe yr-
nepogHbIX HaHOTPYOGOK M HaHonpoBoAoB. B cTtatbe onucaHbl NoBeAeHWe U NpenmMyLlecTBa OgHO-
MepHbIX HaHOMaTepuarnoB Al UCNONb30BaHUM B buoaaTunkax. Cpean ogHOMEPHbIX HAHOMETPO-
BbIX MaTepuanoB yrnepoaHble HAHOTPYOKM M HaHONPOBOAbLI NpeAfaraloT YHUKarNbHbIE 3NIEKTPOH-
Hble U MexaHM4Yeckue CBOMCTBA, KOTOpbIe AenakT UX Ype3Bbl4alHO NpuUBeKaTenbHbLIMU ANA 3a-
Aay buoaeTeKTMpoBaHuA.

MpoaHanuanpoBaHbl CTPYKTYpPbl U NpuHUUNbI paboTbl MNT-6uoceHcopoB Ha ocHOBe yrnepoa-
HbIX HaHOTpy6ok/HaHonpoBoaoB. [loneBble TPaH3UMCTOPbI Ha OCHOBE YrNepoaHbIX HaHOTPY-
60K/KpeMHMEBbIX HAHOMPOBOAOB B NocriegHee BpeMsA NpuBneKkalT K cebe Gonblioe BHUMMaHue
KaK NepcnekTMBHbIe MHCTPYMEHTbI ANl NPOEeKTMPOBaHUA 6BMOCEHCOPOB N3-3a UX BUOCOBMECTUMO-
CTW, COBMECTMMOCTUA MO pa3mepy, ynbTpauyyBCTBUTENbHOCTU, U3OUpaTenbHOCTU, a TaKke BO3-
MOXHOCTAIM 6e3 MapkepHOro o6HapyXeHusi B pexume peanbHoro BpemeHu. Kpome Toro, takxe
npoaHanu3MpoBaHbl MeXaHM3Mbl B3auMOAEUCTBMS MeXAy I3reMeHTamu TpaHcabtocepa [MT-
6uoceHcopa (yrnepoaHbIMM HaHOTPYOKaMu unu HaHonpoBogamm) u oobekramu. B 3aknioyeHue, B
3TOM 0630pe OCHOBHOE BHMMaHWe OTBOAUTLCHA NMPUMEHEHUI GMOCEHCOPOB Ha OCHOBE MOJIEBbIX
TPaH3NCTOPORB ANl U3MEPEHUs pas3nnyHbiX aHanuToB. Moka3aHbl peakuuu B3aumogencTeus 6en-
KOB, peakuusi aHTUTENO-aHTUIeH, BKITI0Yas peakuutro obHapyXeHusi npocTaT-crneuugpnyeckoro aH-
TureHa, QHK-rm6pmnamsaumio n pepmeHTaTUBHbIE peakLuu c y4acTueM rnkosbl. Buén. 36, puc. 5.

KniouyeBble cnoBa: HaHO6UOCEHCOpP, Mos1e8oll MmpaH3ucmop, yarnepooHble HaHOMPYyOKU, HaHOMPO8o-
Obl, BUOCEeHCOp Ha OCHOBE 0IE8020 MpaH3ucmopa.

lMocmynuna e pedakyuro 18 mapma 2013 a.



