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ABSTRACT

The current-voltage (I-V) measurements were performed in the temperature range (200-300K) on
Al/DNA/p-Si Schottky barrier type diodes. The Schottky diode shows non-ideal I-V behaviour with ide-
ality factors n equal to 1.34+0.02 and 1.70+0.02 at 300K and 200K, respectively, and is thought to
have a metal-interface layer-semiconductor (MIS) configuration. The zero-bias barrier height @;, deter-
mined from the [-V measurements was 0.75+0.01 eV at 300K and decreases to 0.61 +0.01 eV at 200K.
The forward voltage-temperature (Vr-T) characteristics were obtained from the I-V measurements in
the temperature range 200-300K at different activation currents (Ir) in the range 20 nA-6 p.A. The Vi-T
characteristics were linear for three activation currents in the diode. From the Viy-T characteristics at
20nA, 100 nA and 6 pA, the values of the temperature coefficients of the forward bias voltage (dV/dT)
for the diode were determined as —2.30mVK-!, —2.60mVK-! and —3.26 mV K-! with a standard error
of 0.05mV K1, respectively.

Ideality factor

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Semiconducting organic materials are of particular interest,
since they possess advantageous electrical, optoelectronic and pro-
cessing properties for design and fabrication of novel class of the
semiconductor-based devices such as diodes, photovoltaic devices
[1,2]. Attractive features of these materials are possibility of device
processing, compatibility with flexible substrates, and the low
materials consumption for ultra thin molecular films, all of which
offer the prospect of cheaper photovoltaic energy generation [3,4].
The electrical properties of metal/semiconductor (MS) structures
can be modified by organic semiconductors when an organic layer
is inserted between the inorganic semiconductor and metal. The
studies made in literature have shown that the barrier height could
be either increased or decreased by using organic thin layer on inor-
ganic semiconductor [1-11]. New electrical properties of the MS
contacts can be promoted by means of the choice of suitable organic
semiconductors [1]. Among those, DNA is considered to be a good
candidate for organic semiconductor devices fabrication such as
metal-interfacial layer-semiconductor (MIS) diodes and solar cells
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[12]. Deoxyribo nucleic acid (DNA), the blueprint of life, has taken
centre stage in bio-physical chemistry research during the past few
decades [13]. In molecular-scale systems, DNA, is one of the most
promising materials because they have several unique advantages
[14]; such as nanometer-scale molecular film, adjustable length,
and self-assembly property [15-17]. Recent studies [18-22] on the
electrical conduction of the DNA molecules reveal that they may
act as either semiconductor with nano-size dimensions or non-
semiconductor materials (i.e., insulator or metal) [23]. The latest
review [24] appears to favor the viewpoint that DNA is an insula-
tor, or at least a wide band gap semiconductor with nonlinear I-V
(current-voltage) characteristics [25]. This view point is supported
by the measurements of Porath et al. [18] and Rakitin et al. [26].
The reliability and usefulness of semiconductor electronic
devices in integrated circuit or other applications is based on the
stability of the characteristic parameters of diodes over a wide
range of temperature. The analyses of the current-voltage (I-V)
characteristics of the Schottky diodes obtained only at room tem-
perature showed that it does not give detailed information about
the charge transport process and about the nature of the barrier
formed at the metal-semiconductor interface. The temperature
dependence of the -V characteristics gives a better picture of the
conduction mechanism and allows one to understand different
aspects that shed light on the validity of various processes involved
[27-29]. Although the thermionic emission theory is used to extract
the Schottky barrier diode (SBD) parameters, in many cases the
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barrier height and the ideality factor determined from forward
I-V characteristics are found to be a function of temperature. The
evaluation of the experimental current-voltage data show in these
cases that there is a decrease in the zero-bias barrier height (BH)
and an increase in the ideality factor with decreasing temperature
[28-33]. The decrease in the barrier height at low temperatures
may lead to non-linearity in the activation energy In(Ip/T2) ver-
sus 1/T plot. Some authors [27-33] have used an approximation
on the basis of a thermionic emission mechanism with Gaussian
distribution of barrier heights around a mean value to explain the
nature and origin of the decrease of barrier height and increase
of ideality factor with a decrease in temperature and the non-
linearity of the activation energy plot over a wide temperature
range.

In this work, we report the study of the current transport charac-
teristics of Al/DNA/p-Si Schottky diodes in the temperature range
(200-300K). The forward I-V characteristics were used to estab-
lish the current transport mechanism in Al/DNA/p-Si diodes as well
as to estimate the variation of the ideality factor n and the barrier
height @}, at different temperatures. The same measurements were
also exploited to determine the characteristic energy Egg.

2. Experimental details
2.1. Chemical cleaning and ohmic contact formation

MIS diodes were prepared by using one side polished (as received from
the manufacturer) p-type Si wafers (boron doped) with (100) orientation and
1.19 x 10"> cm~3 doping density from capacitance-voltage (C-V) measurements.
Si wafers were purchased from University Wafer (South Boston, MA). The wafer
was chemically cleaned by using the RCA cleaning procedure (i.e. a 10 min boil
in NH3 +H,0; +6H,0 followed by a 10 min boil in HCI+H,0, +6H,0). The native
oxide on the front surface of the substrates was removed in HF:H,0 (1:10) solu-
tion and finally was rinsed in de-ionized water for 30s. All reagents and solvents
were purchased in their highest available purity and used without further purifi-
cation. Deionized water (18 MS2) was used in all experiments. Low resistivity
ohmic back contact to p-type Si substrate was formed by using Al metal with the
purity of 99.99%, followed by a temperature treatment at 570°C for 3 min in N,
atmosphere.

2.2. Deposition of DNA and top contact metallization

Genomic DNA isolation was described in Miller et al. [34]. The purity of DNA
was 1.80 (A260/A280 absorbance ratio). After the cleaning and ohmic metalliza-
tion procedures, DNA thin film has directly been formed by a simple cast method
by adding 10 wL DNA solution with a concentration of 200 pg/ml in water on the
front surface of the p-Si wafer and has been evaporated by itself for drying of sol-
vent in N, atmosphere for one day. Here, we have selected an amount of 10 L of
DNA solution by considering and testing various factors that could effect a given
organic film thickness and homogeneity depending on the solution concentration
and substrate area. The quality of organic thin films should be also related to other
factors, such as the film-forming ability, the molecular symmetry and structure [35].
Additionally, it is well known that interactions between DNA molecules and sur-
faces involve electrostatic forces as well as long-range van der Waals forces and
dipole-dipole interactions, so the selection of substrates used for DNA devices is
very important for the adhesion of DNA on substrates during experiment [36]. We
have observed that the adhesion between DNA and silicon was not enough good in
our experiments. But, Gao and Park [36] have recently showed that chemical surface
treatments such as plasma etching on silicon substrate increased adhesion between
DNA and silicon. They [36] have reported that the improved adhesion with plasma
treatments could be understood on the basis of the generation of parasitic charges in
the treated surface which interacted electrostatically with the DNA molecules. Also,
we have not measured surface smoothness of DNA layer on Si, because we have no
imaging system. But, some studies have recently been performed about smooth-
ness of DNA on the substrates. For example, Okur et al. [37] have reported that
the topography showed a smooth and completely covered DNA film surface, while
the film disorders and pinholes of DNA on the silicon substrate could be clearly
distinguished from the contrast of the AFM phase image. Also, Zhang et al. [38]
have reported that the average roughness for DNA layer on a silicon substrate was
calculated to be 5.1 nm, indicating that the film was relatively smooth. Thickness
of the DNA film on the Si substrate has been calculated as (61+5) nm from high
frequency C-V technique. The contacting top metal dots with diameter of 1.0 mm
have been formed by evaporation of Al. All metal evaporation processes have been
carried out in a Leybold Heraeus Turbo Molecular High Vacuum Pump at about
1073 Torr.

Au tip

Al top contact

DNA interlayer

Measurement
System

p-Si inorganic substrate

N

Fig. 1. The components of the Al/DNA/p-Si Schottky device for the electrical charac-
terization. Note: Gold tip was used for saving the Al/DNA/p-Si structure from contact
damages as DNA is very soft material.

Al back contact

2.3. Electrical measurements

The electrical measurements of the device (see Fig. 1) were taken in the temper-
ature range of 200-300 K by using a Leybold Heraeus closed-cycle helium cryostat
that enables us to make measurements in the temperature range of 10-340K, and
a Keithley 487 Picoammeter/Voltage source in dark conditions. Electrical mea-
surements on Al top side of the diode are taken with gold tips for saving the
Al/DNA/p-Si structure from contact damages as DNA is very soft material as seen in
Fig. 1. The sample temperature was always monitored by a copper-constantan ther-
mocouple and a Windaus MD850 electronic thermometer with sensitivity better
than +£0.1K.

3. Results and discussion

When MIS diodes with a thin interfacial layer are considered, it
is assumed that the forward bias current of the device for qV > 3kT
is due to thermionic emission current and it can be expressed as
[39]:

_ av
I=1Ip eXp(nkT) (1)
where

_ * 072 _q¢b,0
Iy = AA*OT? exp (kT ) (2)

is the saturation current, k is Boltzmann constant, T is the temper-
ature, @y, q is the barrier height without interfacial layer, A is the
effective Richardson constant and equals 32 A/cm?2K? for p-type Si,
Ais the diode area, 6 is the transmission coefficient across the inter-
facial layer (DNA film) and is given in [39]. n is an ideality factor and
is a measure of conformity of the diode to pure thermionic emis-
sion and it is determined from the slope of the straight line region
of the forward bias In(I-V) characteristics through the relation:

n— q dv
T kT d(In )

In the usual analysis of the experimental data on Schottky contacts,

the barrier height is determined from the extrapolated Iy. However,

this is an apparent barrier height ®, when an interfacial layer is
present. The effective or measured barrier height ®y, is given by

* 2
o, = T <A AT > 4)

(3)

q Io
By using Ref. [36], the measured barrier height can be written as:
D, =Dy o+ Pyp (5)

where @y, is the additional barrier due to effect of the interlayer
(DNA film) for such as structures and is given in [39].

I-V measurement is one of the mostly used methods to deter-
mine the transport mechanism in diodes. In order to get further
insights into the mechanism of current transport through the
Al/DNA/p-Si contact, the [-V characteristics were performed at dif-
ferent temperatures in the range of 200-300K. Fig. 2 shows the
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Fig. 2. Current-voltage characteristics of the Al/DNA/p-Si device as a function of
temperature between 200 and 300 K.

semi-logarithmic plot of the [-V curves of the Al/DNA/p-Si diode at
various temperatures. In order to find out ohmicity of Al top contact
metal, it has also been investigated the linear I-V characteristic of
Al/DNA/AI contact shown in the Fig. 3. This figure shows that there
is a good ohmic behavior between the Al and the DNA layer. Fig. 2
depicts that a change in the I-V characteristics occurs by depending
on sample temperature. As clearly seen from Fig. 2, the Al/DNA/p-Si
Schottky structure exhibits excellent rectifying behavior. The weak
voltage dependence of the reverse-bias current and the exponential
increase of the forward-bias current are characteristic properties
of rectifying interfaces. The current curve in forward bias quickly
becomes dominated by series resistance from contact wires or bulk
resistance of the organic material and inorganic semiconductor,
giving rise to the curvature at high current in the semi-log I-V
plot. Temperature dependent Norde curves were shown in Fig. 4.
By using Norde method (please see Ref. [40] for more information),
the series resistance Rs and barrier height (BH) values as a func-
tion of temperature were given in Table 1. The values of the series
resistance and the barrier height from each Norde plots at differ-
ent temperatures were shown in Fig. 5. As seen from this figure, the
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Fig. 3. Current-voltage characteristic of the Al/DNA/AI structure at room tempera-
ture.
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Fig. 4. F(V) vs. V characteristics of the Al/DNA/p-Si device as a function of tempera-
ture between 200 and 300K.

Table 1
Some electrical parameters obtained by using Norde fuctions from temperature
dependent I-V characteristics of Al/DNA/p-Si diode.

T(K) @, (eV) Rs (kS2)
300 0.770 78
290 0.760 111
280 0.746 165
270 0.750 206
260 0.734 259
250 0.718 253
240 0.714 281
230 0.722 278
220 0.702 316
200 0.680 286

barrier height decreases with decreasing temperature and then the
series resistance increases slightly.

The experimental values of ideality factor and barrier height
obtained from the linear regions of the In(/-V) characteristics by
using the thermionic emission (TE) theory [39] for Al/DNA/p-Si
diode are presented in Fig. 6. And, both values as a function of
temperature are given in Table 2. Both parameters exhibit a tem-
perature dependency as seen in Fig. 6. The experimental values of
barrier heights @}, and ideality factors n ranged from 0.61 4 0.01 eV
and 1.70+0.02 at 200K to 0.754+0.01eV and 1.3440.02 at 300K
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Fig. 5. Temperature dependence of the series resistance and the barrier height
obtained from Norde method.
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Fig. 6. Temperature dependences of experimental @, and n values obtained from
current vs. voltage characteristics of Al/DNA/p-Si device between 200 and 300 K.

for Al/DNA/p-Si diode, respectively. The ideality factor determined
by the image-force effect alone should be close to 1.01 or 1.02
[41-44]. At room temperature, our data clearly indicate that the
diode has the ideality factor that is significantly larger than this
value. Higher values of ideality factors are attributed to secondary
mechanisms which include interface dipoles due to interface dop-
ing or specific interface structure as well as fabrication-induced
defects at the interface [41-44]. According to Tung [44], the high
values of n can also be attributed to the presence of a wide distribu-
tion of low-BH patches caused by laterally barrier inhomogeneous.
Also, the image-force effect, recombination-generation, and tun-
neling may be possible mechanisms that could lead to an ideality
factor value greater than unity [44,45].

As seen from Fig. 6, while the barrier height &, decreases, the
ideality factor n increases with decreasing temperature. Because
of the temperature activated process, the current transport will
be dominated by current flowing through of the lower BH and a
larger ideality factor [46]. That is, more electrons have sufficient
energy to overcome the higher barrier when temperature increases
and then, BH increases with temperature and bias voltage. Further-
more, an apparent increase in ideality factor and decrease in BH at
low temperatures are possibly caused by some other effects (inho-
mogeneities of interface layer thickness and non-uniformity of the
interfacial charges, etc.) giving rise to an extra current such that the
overall characteristics still remain consistent with the TE process
[47].

Generally, the experimental current-voltage characteristics can
be treated by using an empirical relation of the form I (V,T)x
exp(eV[/nkT). A careful examination of the I-V-T curves of the
present diode revealed that the behavior of their forward current
at intermediate and high bias voltages cannot be reliably analyzed
using such an empirical formula even when it is modified by the

Table 2
Basic diode parameters extracted from [-V measurements as a fuction of
temperature.
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Fig. 7. Log(I)-log(V) characteristics of the Al/DNA/p-Si device as a function of tem-
perature between 200 and 300 K.

incorporation of a series resistance effect over a limited narrow bias
region. These results imply that additional transport mechanisms
are dominant in these devices. This suggests that conduction pro-
cesses occurring in the highly resistive DNA layer of the Al/DNA/p-Si
diode would be a possible alternative candidate in determining
its forward current in the intermediate and high bias regimes
beyond that of the low bias diode-like behavior. To understand
more clearly the electrical properties of the Al/DNA/p-Si diode, its
I-V characteristics were plotted on log-log scale. Fig. 7 illustrates
the forward bias log I versus log V plots of the Al/DNA/p-Si diode
at different temperatures. As can be seen from Fig. 7, the double-
logarithmic forward bias I-V plots show a good linearity in the
range of 0.2-1.0V, along with the best-fit power-law curve. The val-
ues of the power-law parameter, m, were calculated from the slopes
of the linear portions of the double-logarithmic I-V plots under for-
ward bias of the AI/DNA/p-Si heterojunction for each measurement
temperature in the temperature range between 200 K and 300K as
given in Table 3. Fig. 8 shows a plot of m vs. 1000/T, which is fit-
ted by a straight line corresponding to T = 1648.5 4+ 0.5 K, which T
is the characteristic temperature parameter of the trap distribu-
tion. As can be seen from Fig. 8, the exponent m seems to increase
with decreasing temperature, as expected for space charge lim-
ited current (SCLC) conduction [48-53]. This behavior can be used
to derive the characteristic trap energy E; from the temperature
dependence of E¢ = kT.. The m vs. 1000/T plot shows a linear depen-
dence slope yielding a trap energy of about 0.14+0.01eV from
E¢=kT., and it can be said that most of the traps are deep traps
as required by a E; value of 0.14 £+ 0.01 eV. In this study, the charac-

Table 3
Power-law parameter, m values extracted from log I-log V characteristics of
Al/DNA/p-Si diode as a function of temperature.

T(K) n @, (eV) Io (A) T(K) 1000/T (K1) m

300 1.344 0.753 5.10x 1079 300 3.08 3.33
290 1.380 0.738 327 x 1079 290 3.32 3.45
280 1.386 0.727 1.69 x 102 280 3.58 3.57
270 1.400 0.719 7.18 x 1010 270 4.06 3.70
260 1390 0.710 3.01x 10710 260 431 3.85
250 1.410 0.692 1.81x 10-10 250 452 4.00
240 1.483 0.678 8.44 %1011 240 469 417
230 1.540 0.663 413x10°1 230 4.95 435
220 1.546 0.651 1.52x 1011 220 5.38 455
200 1.704 0.605 6.06 x 1012 200 5.79 5.00
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Fig. 8. The m versus 1000/T characteristic of the AI/DNA/p-Si device as a function
of temperature between 200 and 300 K.

teristic energy obtained for DNA film is 0.144+0.01 eV, comparable
with the reported for polyaniline emeraldine base films (0.11eV)
prepared by the solution-casting technique [53]. At voltage region
of 0.2-1.0V, the forward I-V characteristics in the temperature
range 200-300K are influenced by the transport properties of the
highly resistive DNA layer [48-53]. That is, the shape of the [-V
characteristics is not only controlled by the contacts, but strongly
depends on the nature of the DNA layer between the Al electrode
and the p-Si semiconductor. Generally, double-logarithmic forward
bias I-V plots with a slope equal to or larger than 2 suggest the pos-
sibility of the SCLC mechanism [50-54]. The double-logarithmic
forward bias I-V curves in Fig. 7 show a power-law behavior of the
current, I o« VImM*1), with different exponents (m+1). That is, such
power laws with exponents larger than two have been interpreted
as an indication of trap-charge-limited conduction with an expo-
nent trap distribution [50,51]. The SCLC conduction should become
important when the density of injected free-charge carriers is much
larger than the thermally generated free-charge carrier density. In
this study, the injected charge carriers can proceed through the
junction from the moderately doped p-Si (N;=1.19 x 10'> cm~3)
into the highly resistive DNA material with much lower concentra-
tion of free holes to sustain a flow of trap-charge-limited current.
Thus, it is possible to recognize the effect of traps on the conduction
current which is dominated by an exponential distribution of traps
at corresponding voltage region. Traps are locations arising from
disorders, dangling bonds, impurities, etc., and are called localized
states that very often capture free-charge carriers, playing a very
important role in the conduction process of an organic layer [56].
Similarly transport phenomena have been observed in dielectrics,
amorphous semiconductors, wide band gap semiconductors, and
other organic solids [48-56].

It is observed that n is greater than 1 and this is an indication
that thermionic emission is not the only operative mechanism for
current flow and is usually attributed to a Schottky barrier height
which is bias dependent. If the current transport is controlled by
the thermionic field emission (TFE) theory, the relation between
current and voltage can be expressed as [57,58].

|4
I=Ipexp (E) (6)
with
_ qEgo\ _ nkT
Eo = Egg coth (kT) = T (7)
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Fig. 9. Capacitance2-voltage (C~2-V) characteristic of the diode from C-V mea-
surement at room temperature at 500 kHz.

where Eqg is the characteristic energy, which is related to the trans-
mission probability of the carrier through the barrier given in the
following equation:

(8)

where h is the Planck constant, N, is the acceptor concentration,
&s is the semiconductor dielectric constant and m} is the electron
effective mass.

In the case of our AI/DNA/p-Si Schottky diode, with
N,=1.19x 10> cm~3, determined from the capacitance-voltage
measurement as seen from C-2-V plot in Fig. 9, mi = 0.16mg [59]
and (&5 =11.9¢g) the value of Egg turns out to be 0.40 meV.

Using the experimental values, the increase in ideality factor is
further analysed by considering the tunneling current as the cause
for the variation of the ideality factor n. Fig. 10 shows a plot of Eg
versus kT/q. The value of Ey is determined from Eq. (7). A linear
fit to the data results in a y-intercept, which gives a value of Ej as
7.07 +£0.05 meV. This fit is good down to a temperature of 250 Kand
deviates below this temperature. The experimentally observed Ej
value of 7.07 £ 0.05 meV at (T=0K) obtained from Egg = f(kT/q) data
(Fig. 10) was higher about 18 times than the theoretically calculated
value of Egg =0.40 meV. In our study, as seen in Fig. 10, Eg vs. kT/q
plot shows a dependence that is usually attributed to a domina-
tion of the conduction mechanism by TFE. However, temperature
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Fig. 10. Variation of Ey versus kT/q for Al/DNA/p-Si device.



576 O. Giillii, A. Tiirtit / Journal of Alloys and Compounds 509 (2011) 571-577

dependence similar to the curve including experimental values
have often been observed under experimental conditions where
tunneling should be negligible [44]. The evaluated ideality factors
are shown in Fig. 10, which qualitatively reproduces the behavior
usually attributed to the TFE mechanism. Thus, even though tun-
neling should dominate the electron conduction at heavily doped
MIS junctions, TFE is not necessarily for the conduction mechanism
whenever dependence like that in Fig. 10 is observed. The temper-
ature dependence of the ideality factor, by itself, does not provide
a determination of conduction mechanism [44].

The experimentally observed values of 1/n (open triangels) were
superimposed on theoretically generated 1/n versus 1000/T plots
in Fig. 11. This plot provides a good check to know whether the con-
duction mechanism is TFE or TE. The temperature dependence of
the experimental ideality factor is in agreement with the solid curve
obtained with Egg =27 meV for Al/DNA/p-Si diode in the tempera-
ture range 200-300 K. Thus, it can be seen that there is a significant
consistency between the theoretical and experimental character-
istics in related temperature range. This value of the characteristic
energy value Eg is higher about 70 times than the theoretical value
of 0.40 meV. To understand the possible origin of the high charac-
teristic energy, it should be underlined that Eyg is connected with
the transmission probability [59-62]. On one hand, it character-
izes the electric field at the semiconductor surface for an applied
bias through the carrier concentration and dielectric constant. So, it
determines the barrier shape and width. On the other hand, it char-
acterizes the density of states through the effective mass. Therefore,
any mechanism which enhances the electric field or the density of
states at the semiconductor surface will increase the thermionic-
field emission, and so the apparent Eyg [63,64].

For the evaluation of the BH, one may also use Richardson plots
from saturation currents. Fig. 12 shows a conventional activation
energy In(Ip/T?) vs. 1/kT plot (indicated by open triangels) accord-
ing to TE theory [39] for Al/DNA/p-Si diode. Experimental In(lp/T2)
versus 1/kT plot shows a significant deviation from linearity at low
temperatures, whereas the plot of In(lp/T2) vs. 1/nkT (open circles)
is linear in the temperature range 200-300 K with a slope giving an
activation energy of 0.99 4 0.01 eV within the experimental error.
The experimental data for 1/kT plot are seen to be fitted asymptot-
ically to a straight line at higher temperatures only. The activation
energy value from the slope of this straight line have been obtained
as 0.41+£0.01eV for 1/kT (Fig. 12). Bowing of the experimental
In(Ip/T2) vs. 1/kT curve may be caused by the temperature depen-
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Fig. 11. Variation of 1/n versus 1000/T with Eqo as the parameter for Al/DNA/p-Si
device. The open triangels show the temperature dependence values of experimen-
tal ideality factor obtained from the current-voltage characteristics.
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Fig. 12. Ln(Ip/T?) vs. 1/nkT (indicated by open circles) and 1/kT (open triangles)
Richardson plots obtained from experimental I-V characteristics for Al/DNA/p-Si.

dence of the BH and ideality factor n due to the existence of the
surface inhomogeneities of the Si substrate [60-62,65-67]. Also,
the deviation in the Richardson plots may be due to the spatially
inhomogeneous BHs and potential fluctuations at the interface that
consist of low and high barrier areas [60-63,65-67]. That is, the cur-
rent through the diode will flow preferentially through the lower
barriers in the potential distribution.

The forward voltage-temperature (Vg-T) characteristics for the
Al/DNA/p-Si diode were obtained from the I-V measurements in
the temperature range 200-300K at different activation currents
(Ig) in the range 20 nA < Ig <6 wA. The Vi-T plots at different I lev-
els for the diode are shown in Fig. 13. Vg values as a function
of temperature at different activation currents (I¢) in the range
20nA<Ig<6 pA were given in Table 4. The forward voltage (V)
exhibited a linear dependence on temperature for three activa-
tion currents in the diode (Fig. 13). From the Vg-T characteristics at
20nA, 100 nA and 6 pA, the values of the temperature coefficients
of the forward bias voltage (dVg/dT) for the diode were determined

1.00

0.80

Vg (Volf)

0'00....I....I....I.... MR
100 150 200 250 300 350

Temperature (K)

Fig.13. Vi-Tcharacteristics of the Al/DNA/p-Si Schottky diode activated at different
currents.
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Table 4
Vr values obtained from I-V characteristics for different Iz values as a function of
temperature.

T(K) Vi (V)
[r=20nA I[r=100nA [r=6upA

300 0.04 0.15 0.36
290 0.06 0.18 0.40
280 0.08 0.20 0.44
270 0.11 023 0.48
260 0.13 0.25 0.50
250 0.15 0.27 0.52
240 0.16 0.29 0.56
230 0.18 0.32 0.60
220 0.20 0.35 0.64
200 0.21 0.42 0.70

as —2.30mVK-!, —2.60mVK-! and —3.26 mVK~! with a standart
error of 0.06 mV K1, respectively. The values of the slope (dVg/dT)
increased in the diode with the increase in the activation current,
Ir. These values of the slope (dVg/dT) for Al/DNA/p-Si diode agree
with the values obtained by the reference [68]. Moreover, the value
of slope dV§/dT=-3.26 mVK~! at Ir =6 pA in the diode was higher
than the value of —2.30mV K~ for the commercial Si p-n junction
[69]. In other words, the fact that the sensibility of the Al/DNA/p-Si
Schottky diode as temperature sensor is 42% higher than that of a
Si p—n junction, indicates that the Al/DNA/p-Si Schottky diode is a
good alternative as thermometer sensor.

4. Conclusion

This work reported here proposes that DNA molecules should be
considered, among other candidates, as a potential organic thin film
for metal-interface layer-semiconductor devices. In summary, we
studied the I-V characteristics of Al/DNA/p-Si diodes in the tem-
perature range (200-300K). This device with MIS configuration
shows non-ideal I-V behaviour. Ideality factors were 1.34 +0.02
and 1.7040.02 at 300K and 200K, respectively. &;, value deter-
mined from the I-V measurements was 0.75+0.01eV at 300K
and decreases to 0.61+0.01 eV at 200 K. Vg-T characteristics were
extracted from the I-V measurements as a function of tempera-
ture at different I values in the range 20 nA-6 wA. The Vg-T plots
were linear for three activation currents in the device. From the
Ve-T plots at 20 nA, 100 nA and 6 A, the values of the temperature
coefficients of the forward bias voltage (dVg/dT) for the diode were
determinedas —2.30mVK-1,-2.60mVK-! and —3.26 mV K~ with
a standart error of 0.05mV K~1, respectively. The facts: (i) that the
technology of the fabrication of a Al/DNA/p-Si Schottky diode much
simpler and economical than that for the Si p—n junction and (ii)
the sensibility of the Al/DNA/p-Si Schottky diode as temperature
sensor is 42% higher than that of a Si p—n junction, indicate that the
Al/DNA/p-Si Schottky diode is a good alternative as temperature
Sensor.
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