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ABSTRACT

The effect of electrodes plays a vital role in the construction of nano electronic devices. Two different electrodes are
constructed with gold and platinum atoms and are attached with NiO nano wire in order to study the effect of
electronic transport properties. In addition, in the NiO device N and Fe atoms are substituted and their electronic
transport properties are also studied. From the observed results it is evident that the gold electrode NiO nano
devices show better performance than that of the platinum electrode connected NiO nano device. The transmission
and PDOS spectra show that in the gold electrode NiO devices N doped NiO nano device gives better performance
than the other two. In the case of platinum connected NiO nano devices, Fe doped NiO nano device gives better
performance than the other two.

Keywords: NiO nano device; electrode effect; doping effé@tnsmission spectrum.

INTRODUCTION

Metal oxide semiconductor nanostructures have tBceitracted by many researchers since they hagh h
potential applications in the field of nano eleoios. In particular, they will be very useful foortstructing
molecular devices since they possess combined giiepef metal oxide and the nano structured malterOne of
the important aspects in the design of moleculaices is the selection of the electrode materifldfiigeneral, in
the design of a molecular device, it is necessarglucidate the role of each part of a moleculaiia#§2]. For a
nano electronic device, linker atom, a functionadup acts as a glue which connects the electrodetandevice
molecule. It also modify the electronic structufettee device and thereby the electronic transpmwperty of the
device[3,4]. Similarly many reports are availabiethe literature regarding the structural and fpansproperties of
the device molecule[5-7]. However, very few repaie available which regards the importance oftelde in a
molecular device[2,8]. This present study aimsésatlibe the effect of different electrodes in a Midlecular wire
device. Two different electrode materials have belessen for constructing the electrodes namelyaAd Pt. In
addition to this, the effect of substitutional atem the molecular device is also studied by oneiardnd cationic
substitution. The computational studies have beafopmed with the help of density functional anaysombined
with non equilibrium green’s function method(NEGE)ince this blended analysis(DFT+NEGF) reproduded t
results almost equal to the experimental resultdf$dy have chosen for the present calculationg d&ffect of
electrode materials are studied in terms of elactransmission, density of states(DOS) and V-I ati@ristics of
the molecular device.
MATERIALSAND METHODS

COMPUTATIONAL DETAILS

The calculations are performed using pseudopotsnBad numerical atomic orbitals (NAO) basis sets a
implemented in SIESTA[10] package. Initially, thiearodes and the device molecule geometry aremigei
individually, and thereby the total device struetirare optimized by conjugate gradient(CG) techmidqthe
generalized gradient approximation by Perdew-Bikezerhof(PBE)[11] is used for the exchange and
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correlational functional. For expanding the wavetion, triple zeta triple polarized(TZTP) basis ¢tion is used in
this calculations for the better explanation of shieface states of Au,Pt and Ni atoms in the deviBsllouin zone
sampling is done using Monkhorst-Pack scheme withl1x 50 mesh. The transport properties are studiedjusin
non-equilibrium green’s function(NEGF) method condd with the DFT code implemented in the
TranSIESTA[12], which is part of SIESTA packageheTcurrent through the device can be calculatedgusi
Landauer-Buttiker formula[13]

1Vy) = Go s T(EV,)dE - (1)

where G= 2¢€/h is quantum conductance and T(E),} the transmission probability under the biakage \,. The
transmission energy and the device density of state calculated using TBTRANS[14], a post processitility
available in SIESTA package.

RESULTSAND DISCUSSION

The structures of the designed nano devices wilflerdnt electrodes and substitutional atoms in dbattering

region are shown in figures 1 and 2. For transpaltulations, the electrode region is selected n@pepon the
material. For the gold and platinum electrode N&dadevices, 36 atoms are taken into account ohdttesides of
the electrode by the corresponding Au and Pt atdrhs. scattering region consists of NiO nanowire &mgl

substitutional atoms of Fe and N, for the pristamal substitutional NiO nanowires respectively.Ha tase of Au
and Pt electrode nano devices, the scattering magiconnected to the electrode by means of sulptams as a
linker atom since the linker(sulphur) atom has hadfinity with the gold, platinum and the NiO namgre. The

linker atom also modify the electronic structuretted device molecule and hence the transport ptiepealso. The
NiO nano device is designed along the (0 0 1) plane the device scattering length is 10 A. The Ad ®t

electrodes are designed along (1 1 1) plane faeibperformance. The V-1 characteristics are stlithig varying the
bias voltage from 0V to 1V in terms of 0.2V.

Left Electrode Right Electrode

Fig 1(a) NiO nano device attached with golden electrodes
Left Electrode Right Electrode
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Fig 1(b) Fe doped NiO nano device attached with golden electrodes

Left Electrode Right Electrode

Fig 1(c) N doped NiO nano device attached with golden electrodes

Fig. 1 NiO nano deviceswith gold electrodes
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Fig 2(a) NiO nano device with platinum electrodes
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Fig 2(b) Fe doped NiO nano device with platinum electrodes
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Fig 2(c) N doped NiO nano device with platinum electrodes

Right Electrode

Fig. 2 NiO nano devices with platinum electrodes

Zero biastransport properties of NiO nanowire
Zero bias transmission and density of state speftthe NiO nano device with Au and Pt electrodes shown in

Fig 3 and Fig 4.
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Fig.3 Zero biastransmission and PDOS spectra of NiO nano device with gold electrode

From the figure 3 it is seen that the transmissibrero bias for gold electrode connected NiO rdmace, a strong
transmission peak below the Fermi level is obser¥ée corresponding PDOS spectrum confirms thistardis
majorly due to the electrode gold atoms. Howevestrang peak below the Fermi level also contribubgda
considerable amount in the PDOS due to the deegi®n. Under the zero bias, the electrode andéhece region
combined effect makes the chemical potential actbssdevice. For Fe doped NiO nano device, at bas, a
strong peak is observed below the Fermi level whimtiespondingly due to the electrode gold atonasthe device
scattering region. However a strong peak abové-émi level in the corresponding PDOS shows therimaration
of the Fe atom in the device since Fe atom createe states in the HOMO(below Fermi level) sidenifirly, in
the case of the N doped NiO nano device, the treassom curve shows a strong peak above the Fewml ighich
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is due to the incorporation of N atom in the devithis is confirmed by the corresponding PDOS spect the
device. The N incorporation creates more statédJiMO side of the NiO device and makes the chenycaéntial

even there is no applied bias.
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Fig.4 Zero biastransmission and PDOS spectra of NiO nano device with platinum electrode

The platinum electrode attached NiO nano device b&s transmission and PDOS spectra are showiguref4.
For the NiO device, the transmission spectrum shoasy peaks in the valance band (below Fermi lesidd. The
corresponding PDOS spectrum shows the combinedtgerisstates is produced by the electrode anddénéce.
However, some quasi bound states are producecinahduction band side(above Fermi level), whighdue to
the gold electrode atoms. A strong transmissiork ieabserved for Fe doped NiO nano device indgatesy flow
of charge carriers enabled at zero bias. The qureing PDOS spectrum of the Fe doped NiO nanccdeshows
that electrode plays a vital role in this transioissIn the case of N doped NiO nano device, strpegks are
observed on both sides of the Fermi level indicagesooth transmission is enabled. In the correSpgnBDOS
many number of bound states are formed which ismimanfluenced by device region rather than thecetae
region that are observed in other two devices.

Transport properties of NiO nanowire with Au and Pt electrodes
The transport properties of the NiO nano devicah We and N dopants attached with gold and platielentrodes
are studied by varying the applied bias voltagevbeh OV to 1V. Figure 5 shows the transmission BBDS
spectrum of the NiO nano devices attached with gt#dtrodes.
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Fig. 5. Transmission and PDOS spectra of NiO nano device with gold electrodesat 0.6V
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From the figure it is seen that for the NiO devatéebias voltage 0.6, strong transmission peak®hserved below
the Fermi level. This indicates possibility of sirairrent through the device. The corresponding B¥pectrum
shows same trend which denotes more states aredodoe to the device and electrode atoms. Nedfehmai level
a small hump shows the easy flow of the currembugh the device. In the case of Fe doped NiO naavicd
attached with the gold electrodes, show a stromgstnission peak below the Fermi level which istetitowards
the Fermi level compared to the NiO nano devicas Trdicates the incorporation of the Fe atom i dlevice. N
doped NiO nano device shows more number of peaksvithe Fermi level enables the current flow thhdoube
device. A small hump is identified above the Felewniel indicates the incorporation of the nitrogarthe device.
The PDOS spectrum of the N doped NiO nano deviosvsthigh number of density of states on both safake
Fermi level. However, it is identified that belotetFermi level, the device region and the electigateerates high
number of states due to Ni and Au atoms. Above-dreni level, the states are formed due to onlyelbetrode Au
atoms. From this, it is clear that the gold eledtr attached with Fe doped NiO nano device wilkegav clear
transmission and enable the current flow sinceag hear Fermi level density of states. Which indga strong
coupling between the electrode and the moleculaicdeas established at higher bias voltages.
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Fig. 6. Transmission and PDOS spectra of NiO nano device with platinum electrodes at 0.6V

Transmission and PDOS spectra of NiO nano devidggsphatinum electrodes are shown in the Figurer@lie bias
voltage 0.6V. For the NiO nano device, the transiois spectrum shows many peaks below and neardhmaiF
level. The corresponding PDOS spectra reveal teatransmission peaks corresponding to the devideskectrode
Ni and Pt atoms. A small peak is observed abové#mmi level is due to the electrode Pt atoms. Féeloped NiO
nano device transmission spectrum shows a shalpgieave the Fermi level and enables the transnmissiothat
energy level. From the PDOS spectrum of the Fe ddi® nano device, two peaks are observed on hdés ©f
the Fermi level are due to the electrode Pt atdrttisabias voltage. Only small amount of contribatis due to the
device atoms in this device. In the case of N ddgial nano device, strong peak below the Fermi léwdicates a
good coupling between the electrode and the deasiestablished in this energy level. The PDOS tspetshows
the same trend and indicates that these stateforaned due to both electrode and device atoms. NeafFermi
level a small peak is observed which enables theeouflow through the device. From the above bliserved that
compared to NiO nano device and N doped NiO nandcege Fe doped NiO nano device is having better
transmission since it exhibits a strong peak trex Rermi level when attached with the Pt electrode.

V-1 characteristics of NiO nano devices

V-I characteristics of NiO nano devices with golttiglatinum electrodes are studied by the two psystem. The
V-l characteristics of the devices with differerdearodes are shown in Figure 7 and figure 8. Ftom V-I
characteristics spectrum in figure 7, it is shohait the current value increases with increaseas oltage for NiO
nano device with gold electrodes. However, themoisippreciable increase in the current when Fediegth NiO
nano device. In the case of N doped NiO nano dewittegold electrodes, the current increases dralsfiwhen the
bias voltage increases above 0.7 V. This is comfirwith its corresponding transmission and PDOStspe. The
order of the current for the NiO nano devices vgtihd electrodes is in the order of flamperes. In the case of
platinum electrode attached a NiO nano device whighown in the figure 8, NiO and N doped NiO naewices
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did not show any appreciable variation in the auttr&@hey simply resemble ohmic behaviour when tias kioltage
is increased. In the case of Fe doped NiO nanocdeawie current drastically increased when the bidsge is
increased above 0.6V. This indicates that thisaetias more preferable than the other two NiO d@evattached
with the platinum electrode. The current along Mi® nano devices is in the order of ‘f0amperes with the
platinum electrodes.
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Fig. 8. V-I characteristics of NiO nano device with golden electrodes
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Fig. 9. V-I characteristics of NiO nano device with platinum electrodes

CONCLUSION

NiO nano wire devices are constructed with gold atatinum electrodes. The effect of the electrooeshe
transport properties has been studied. Apart flmptistine NiO nano device, Fe and N atoms arstiguted in the
device and their effects are also studied. From db&ined results, gold electrode devices are lgavietter
performance than the platinum electrode deviceg. ffainsmission and PDOS spectra of the gold ekdethiO
nano devices shows that N doped NiO nano deviperiormed well than the other two NiO nano devieéhk gold
electrodes. In the case of platinum electrode N#Dondevices, the Fe doped NiO nano device showsrbet
performance than the other two devices. The V-ratteristics of the NiO nano devices with gold adogive the
current in the order of 18§ amperes whereas the platinum NiO nano devices shewurrent in the order of 10
amperes. Overall the golden electrode NiO nanoc#gsvshow better performance than that of platinlgotrede
NiO nano device.
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