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Quantum interference effects (QIES)
» Quantum interference Is a hallmark of quantum mechanics.
» applications in optics, quantum computing, super conductivity.

» QIEs offer unique opportunities for the fine-tuning of charge transport

through molecular building blocks by constructive or destructive quantum

interference. have become an emeraina area in sinale-molecule electronics.
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Constructive Quantum Interference
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Destructive Quantum Interference

Maochanically Contrgllable Scanning Tunneling Microscope E-E, (eV)
Break Junction Break Junction

Source: Liu, Junyang, et al. ""Quantum interference effects in charge transport through single-molecule junctions: detection, manipulation, and
application." Accounts of chemical research 52.1 (2018): 151-160.



Quantum effect in graphene nano ribbon
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contour plot illustrates the electrostatic potential and phonon bandstructure through the system

Source: https://docs.quantumatk.com/tutorials/phonon_calcs/phonon_calcs.html



Quantum band structure for bio-molecular FET
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Complex band structure of the bio-molecular nanotube FET. |
(a) 2D view, the left-hand part shows the complex bands plotted against the imaginary part, the right-han
part shows the real part,

(b) 3D view, the real bands are plotted with red dots and the complex bands are plotted with blue dot

Source: Dey, D., Roy, P., & De, D. (2017). Atomic scale modeling of electrically doped pin FET from-adenine bas
wall nanotube. Journal of Molecular Graphics and Modelling, 76, 118-127.



Quantum Molecular Devices

Electron density in p-n junction diode from Thymine namotube-like structure
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Gated p-n junction diode from Thymine single wall nanotube
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Source: Dey, D., & De, D. (2018). A first principle approach toward circuit level modeling of electrically doped gated
diode from single wall thymine nanotube-like structure. Microsystem Technologies, 24(7), 3107-3121.



Quantum-Ballistic Transmission Effects
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Source: Dey, D., & De, D. (2018). A first principle approach toward circuit level modeling of electrically dop
wall thymine nanotube-like structure. Microsystem Technologies, 24(7), 3107-3121.




Quantum-Ballistic Transmission Effects
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A first principle approach toward circuit level modeling of electrically
doped gated diode from single wall thymine nanotube-like structure

Debarati Dhey’ - Debashis De'

T FOATFS -} w DS
L= i part of BO1E
Abstract
This icle pa -.' it level representation from gated diode P iz de _‘frum"l"hyms:-:gle“u]l
- likoe ity A, ity Fuomscti 1 theeory amnd on-egurilibraom Green” s forseits El i
Imbemimdmﬁrml!pllﬂnmg-mufﬂmwmm MMEWMMM
wweall Ty i il Ie-lilkoe sitr Thee i Iymm—mmmﬂﬂcmhrmfm
-.s-.-rgle-nu.'l.'l."l" i - like =mmpwm=aq)m3mx_mmfmmnimm
njﬂﬂ“hhm—bﬂhccnrmmmlmdm 1 Pr d el Hami
aredl Hiilbsort sy T ¥ A e that ghis device acts as & diode amd
&z s SR 1 dtage o s ]hen-n‘ dcal T nnmpm.l]rurdup.nlx.z
Mem@mhp:ﬂnm-ﬁﬂ!gﬂnjmﬁmmm‘ A o o s i
muwdie] Ey wary the chanmne]l corment of thee diosde . Bymlﬂ!pﬂnmﬂﬂﬂ!pﬂnmﬁﬂ!mm e doyprimeg
i can e waricd. The 375 e long and 142 o wide Ty weall dhwe -1 E ated diode
MsMWBMmI+]?memMBmm il thee basic logke gates like
mmmmwmwmmmEam T Itz are therefore walidasted osing
dati n\fﬂ!h;ﬂbﬂ:l 1 Theese ¥ lis s ‘ﬂn.tﬂm"- 1 diicmde is capable for
circwit level i Tikoe 1} i ﬁmmﬂmmmmmmmymﬂm
i ¥ e mmmﬂMEmwhmmmuhvﬂmmﬁmm
1 Introduction different from de o i 1 doping proocedurne. Tn con-
W i il T [ 1 g are added o e
Gated didosdie has p ial appli i in thee field of semid electronic devices to T its el ical properties Bt
lt!npmemcdls{la*llﬂmmm]-ﬂ} In case of fanls like <l o ol ical property of #ee makerial chan-
dustry one can alse vary the gate lbias ﬂ&.lu[rnﬁ:l:a:lﬁmmlm' i ok dog e, The
voltage and mme the aliage (I—%) resp of e Ping pr alo rep with huge heat
wmﬁmPﬂ—nwmmndEmbedamd amemhﬂaenfmaﬂledeﬁnemndﬂingm
ke ﬂm{]]eyatilﬂ}]ﬁ) l]lpmnff-ﬂmmnnt T . Taw e thvis kimsd of
E.lx:-':ﬂl g P ‘—I:u.s" duced for dhis el ical Pingg P has been inorodoced.
i ical experi El il Ping P is toaally wmnmmwmm
mrwnlﬂmﬂrmﬁm]ﬂmﬂ
i _mnmdmcnntnl-:dmud:_fyﬂreﬂnnmn]amllr
=1 Dehersi Dey film: interfaoces. Thoxgh it has b £ il theat thee &1 il
T oF = amd 5 5 pared with dwe doping in incrganic molecular film. In thdis
Mleal Balam Asad Dniversity of T . EF- 142, 1 ical g P duere radici l poand n dopants ane
1. Sak Laks Ciy., Eaolkata West Bemgal 700 0G4, Tmckia ot reqgueired.  The iwve ol i of &l il
? Deparmnent of Physics., Ling Gty of daoping is ihedt oy h ing i imj ¥ and 1 g
mllgﬁﬁ‘w“,m,mwhm dirive voltage it can improwve device ef P . S 1i Thy,
Al i

Bl ched ol s G maeeh s £l Springer




Quantum Molecular Switch
[

Straightened Form of Opto-Molecular Bio-nano Switch Twisted Form of Opto-Molecular Bio-nano Switch

Cytosine Molecule
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Two different structural forms of the optical bio-molecular switch
(a) Straightened, (b) 90 °Twisted form

Source: Dey, D., Roy, P., & De, D. (2019). Electronic transport properties of electrically doped cytosine-based gptical moleculars
with single-wall carbon nanotube electrodes. IET Nanobiotechnology, 13(5), 484-492.
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Quantum Molecular Transistor
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The Field Effect
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i Theory 1 with Mom Equilibrium Green's Function based

First Principle approach. This device is eledirically doped which shows both m and p chanmel character—
istics of a p-i-n FET. This device is designed and originated Emanr‘h-mll:dlﬂmrnlﬂmhrn-mt:
structure. The p and n regions have been induced 2t the two ends of the device using electrical doping
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1. Imtrodoction imorganic nanoiubes are also being introdwced with their metallsc

doping process is one of the promising areas in the

Imakes explosion in the era of nanotech-
nodogy. The applications of SWCNT are tremendous in the feld of
nano-electronics due to their versatile properties. Various types of

Bl adsbress” debaraiidey@yaion com (D Dey)

bt b ol orgf 1 INUGL jmgm. 201706 024
1093-32 636 2017 Elsevier INC A2 rights reservel.

properties. This nanotube can be used as transistor, diode, switch,
sensor and many mone [4-6]. Thowgh various in-onganic power-
ful electro-chemiscal materials are present. but DNA proofs itself
as a most promising candidate in the field of conventional nano
bio electronics due to their self-assemble property and versatility.
DA detection can be possible throwgh single electron transistor,
graphens nanopore and also the recognition of its four nuclechases
can be made using gold electrodes [7- 10]. Conductivity enhance-
meent, double proton transfer, current-distance response of the
single strand D#A (s5-DMA) can also be possible using Density Func-
tsonal Theory (DFT) along with Mon-Equilibriom Green's Functiom
{Hmlha_-acdﬁrstpnnr_lpleapp-md:[ll 15].

In this paper, based nanombe has been
&s@eﬂxﬂmpﬂdmm&nm Kit-Wirtwal Mano
Lﬁ[nm—mﬂsﬁwnmmmﬂhuismdﬂt
mucleobases of DrA and it also akes part in human metabolism
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A First Principle Approach to Design Gated p-i-n Nanodiode
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Abstract. Thanks to the world of nano technology; it 1s possible to buld molecular nano devices. In
this paper. GaAs single nano wire molecular p-i-n diode is desizned and its electronic transmission
properties, Local Device Density of States. Highest Occupied Molecular Orbltal Lowest
Unoccupied Molecular Orbital plot and Negative Differential Resistance property are i

from the atomic perspective using first principle Density Functional Theor[)NanEqm.libnum
Green's Function approach. This melecular 15 built and simmlated m Virtual Nano Lab
atmosphere. The Negative Differential Besistance of the device is revealed through the cument-
voltage characteristics of the nano wire. The band-to-band tunneling current is observed for this p-i-
n junction nano diede. Themal co-efficient, Peltier co-efficient, and Seebeck co-efficients at
dlﬁeTuﬂga&bmmohtumd]hsmuomGtﬁsmkcﬂudmdelsaﬁacmtforﬂleum
generation low power nano device design. Electrical doping effect has been introduced i the wire

without adding unambiguous dopants to the molecular wire.

Introduction

Gallium Arsenide (Gads) is a direct band gap semi conductor with hmge applications in the field
of applied physics. Due to its direct band gap property, this material is commonly used in the
Optoelectronics. In this paper. the gated diode charactenistics and tmneling effect of the GaAs
smgle molecular nano wire has been mvestigated. The Band-to-Band tmmeling (BTBT) effect of
this device is clearly highlighted through its current-voltage (I-V) characteristics. In this paper.
electrical doping process has been infroduced to this molecular wire without using explicit dopants.

Electrical doping is the process of insertion of electronic donation or electron acceptation to the
molecular films. This process has been used to modify interfaces. The main atiraction of this
process is that, conventional n and p doping has not been a constraint to accomplish bipolar carmer
transmission. W. Gao and A. Kabn have highlighted the d tration of electrical doping into
molecular films [1]. Furthermore, In an United States Patent by Serze L. Budaz. (Patent No.:
3,729.029 dated Mar. 17, 1993) it is stated that. electrical doping in ]]Imegmcc
have been successfully fabricated N-type compound device laver. which consists of several sub-
layers [2]. Electrical doping at molecular level has been used in Organic PhotoVoltaie Cell (OPVC)
for the tuming of energy level alismment [3].

Improvement of device efficiency by enhancimg cammer mjection and lowenng drve voltage can
be achieved by electrical doping [1. 4]. Electnical doping both p-type and n-type has shown to
increase film conductivity to a large extent [1]. Electrical doping is extensively used to form Ohmic
contacts on morgamic semi-condnctors [4]. Optimization of n-type electrical dopmg m III-V Nitnde
inorganic compounds [2] results in improvement of Contact resistance, Biasing voltages, Minority
carnier jection and Recombmation charactenstics.

Pelative density of molecular dopant required for electrical doping in organic molecules is
much larger than that required for morganic molecular doping [3].

This wire acts as a gate bias controlled p-i-n diode with significant tunneling curent at reom
temperature. This single molecular wire exhibits Negative Differential Resistance (NDE) property
which is prominent from its tmmeling effect. The metallic cylindrical gate is used to control the
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Nanoscale Modeling of Molecular Nano Bio p—i-n
Tunnel FET with Catalytic Effect of Iron Nanofiber
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ABSTRACT

In this paper Density Funcfional Theory and Non-Equilibrium Green’s Function based First Principle approach
is used o design an analyfical model of DNA based p——n Tunnel FET. The quantum mechanical properties
of the FET are investigated from the devica level analysis using Extended Hidckel Theory. Significant cumrant is
achieved due to iron catalyst for the device in both the p and n-channel FET using elacirical doping. Electrical
doping halps to induce both p and n type doping at the two ends of the FET without ionic bombardmant procass.
The strong coupling held betwean the biomolecules and elecirodes in nacscale regime which results in mhalant
transmission. Catalyfic behavior of iron nanofiber increases the channeal tr. ission probability. 1
specira of the device show that due to the catalytic effect of iron nancofiber, transmission co-efficient is i

high for the p——n FET. Iron nanofiber increase channel conductivity fo obtain betier current transmission as
wall as it provides machanical strangth to the molecular devica. HOMO-LUMO gaps also satisfy that lower
barrier height is obtained when the devica is with nanofiber. This lower transmission barrier height

helps fo conduct satisfactory current for both m and p channel FET during room temperature operation.

KEYWORDSy

1. INTRODUCTION
Bio p—i-n Tunnel FET (TFET) is one of the challeng-
ing aspects in the field of nano bio technology. This is
strong and fundamental building block in bio technology
due to its amplification and switching characteristics. In
this paper an ultra short conducting channel TFET has
been designed to transmit current from source to drain ter-
minal and this current has been controlled with a metallic
gate or base. The electrical doping has been introduced to
make this TFET as both n-channel and p-channel TFET.
DA has ideal property of charge transport so that the
DNA detection can be possible through Single Electron
Transistor (SET) based grapheme nanopore.-? Adenine,
Thymine, Guanine and Cytosine are four nucleohases of
DMA sequence. Recognition of these mucleobases along
with sugar groups can be possible via gold electrodes
along (100} direction.’ Cooductivity enhancement can
also be done using copper modification of the DNA
molecules* Double Proton Transfer (DFT) effect on

’lﬁmlon)mmnupmdumlzaﬂlmd
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charge transfer technigoe can be realized on conductiv-
ity of DNA using Density Functional Theory (DFT) along
with Mon-Equilibrium Green’s Function (NEGF) based
First Principle approach’® Electronic transport property
and current distance property can be investigated for the
DMA sequence and separate nucleotides by the changing
of tunneling current.”’ Conductance of the short DNA
sequence has been investigated due to the self assem-
bled property of DNA using gold electrodes®” Reverse
DMA translocation can also be possible using optical or
magnetic tweezers.™ ™! Computational study has been
dome in GaAs nanoribbon can be used as p—i-n diode at
atomic scale. This nanoribbon also exhibits its p-i—n diode
characteristics.

In this paper electrical doping procedure has been intro-
duced for the formation of p and n region of the TFET,
which leads to the formation of DMA based p—i-a TFET.
This way both n and p-channel characteristics are avail-
able in a single FET. Electrical doping provides improve-
ment in carrier injection into molecular films. Though the
electrical doping found literally less for organic molecoles

to inorganic bot using this process the inter-
faces can be modified."” Experimentally this process has
been illustrated in doping of -V compounds in the year
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Design and Electronic Characterization of Bio-Molecular QCA:
A First Principle Approach

Debarati Dey'?, Pradipta Roy'?, Debashis De'*

'Department of Computer Science and Enginesring, Maulan Abul Kalam Azad University
of Technology, BF-142, Sector 1, Salt Lake City. Kolkata — 700 D64. West Bengal, India
*Department of Computer Science and Engineering, Swami Vivekananda Institute of Science
and Technology, Dakshin Gobindapur. P.5.: Sonarpur. Kolkata — 700 145. West Bengal, India
*Department of Physics. University of Westem Australia,

MO13, 35 Stiring Highway, Crawley, Perth, WA 5009, Australia

“debaratidey@yahoo.com
Keywords: BMQCA, DFT, HOMO-LUMO, NEGF, Nudiectide.

Abstract. Molecular Quantum-dot Cellular Automata is the most promismg and challenging
technology nowadays for its high operating frequency, extremely high dewice density and non-
cryogenic working temperature. In this paper, we report a First Pronciple approach based om
analytical model of 3-dot Bio Molecular Cellular Automata. The device is 19.624
long and this bio molecular Quantum dot Cell has been made with two Adenine Nucleotide bio-
molecules along with one Carbazole and one Thiol group. Tlus whole molecular structure 1s
supported onto Gold substrate. In this paper, two Adenine Nucleotides act as two quantum dots and
Carbazole acts as another dot. These 3-Quantum-dots are mounted in a tree like structure supported
with Thiol group. This model has been demonstrated with Extended Hiickel Theory based semi-
empirical method The quantum ballistic transmission and HOMO-LUMO plot support the
polarization state change. This state changing ability has been observed for this molecular device.
Therefore, this property has been investigated and reported in this paper. HOMO-LUMO plot
shows the two logic states along with null state for this 3-dots system. This phenomenon illustrates
how the charge tramsfers take place. Two polarization states along with one additional null state
have been obtained for this bio molecular nano device. This molecular device has been operated
with 1000THz frequency. This manoscale design approach will imtiate one step towards the
modeling of high frequency bio molecular Quantum dot Cell at room temperature.

Introduction

The study of Molecular Quantum-dot Cellular Automata (MQCA) can be the snocessful and
fruitful substitute of CMOS technology as the mformation passes through with polanzation states
changing ability at ultra high speed. DINA is a versatile molecule due to its self-assembled property.
In this paper, two Adenme molecules have been taken to build the nano Bio Molecular
dot Cellular automata (BMQCA). Ad.enmemﬂlebnmhu]dmg]ﬂuckufDNAdeN&Ademne
when added with Deoxyribose sugar group, converts itself to Nucleoside which is essential for
cancerous cell detection. The chemical synthesis of Nucleoside with Phosphate forms Nucleotide.
When this Adenine is attached with three phosphate groups then it transforms itself into Adenosine-
tri-phosphate (ATP) which is very essential for metabolism. DNA can be used as the natural sensor
through nano-pore single electron tramsistor [1]. Quantum Transpert property through mucleotides
has been studied when the four micleobases are kept between two pairs of electrodes [2]. Nano-pore
based DNA analysis is made possible through graphene electrodes [3]. Replacement of Hydrogen
(H) atom with Copper (Cu) enhances the conductivity of DINA [4]. Double proton transfer effect on
DNA conductivity enhances the transverse electronic commumication between the base pairs [3].
DNA sequence shows its cross-tunneling currents when attached with Gold (Au) electrodes [6]. A
nano-pore based graphene nano nbbon helps to carmry micro ampere current through the DNA base
[7]. Making use of the First Ponciple, the study of a grapheme nano nbbon based nano sensor has
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Abstract In this study, electrically doped bio-molecular p-i-n field-effect ransistor (FET) is designed and its electronic
properties are investigated. Density functional theory along with non-eguilibrium Green's function based first prnci ple
approach |s used to design the blo-molecular FET at sub-atomic reglon. Three Adenine and two Thymine molecules
are attached together to form 624 nm long and 1.40 nm wide blo p--n FET. This device |s attached with two platinum
electrodes and wrapped with a metallic cindrical gate st high vacuum. Intrinsic nand p reglons can be made posalble
within & ble-molecular device at room temperature by electrical doping without expliclk dopants, which leads to
conduct current by the device both in forward and reverse bias. The varous quantum mechanical properties have been
caleulated using Polason's equations and self-consistent function for the bio-molecular FET. Among these various
quantum mechanical properties, the authors obtain high quantum transmission along with safisfactory current for the

proposed device dudng the room temperature operation. The goal of this study & to highlight the design of &
bio-molecular p-+n FET with satisfactory large current using ultra low power dissipation.

1  Introduction

The succes:ful real ation of bi-molecules ke 1o evalvea new ena
in bio-mnatechnodogy. Bioamolecules imegrated with inorgmic
mabrialt pmvide ged repame fowasls e emergig

bmmluﬂnﬂﬂﬂmtnp-hhlyofﬁﬂm
during the on-homiardment. This tchmique prsents enhancement
to the camier imjection imto the thin films. Electrical doping
procedure miroduces electron imsation by donating electron which
creates nedopents and decton acceptation lexds to the formation
of padopants to the molecular films. Taditional n and p doping
mhlmdmmhmmﬂﬂddw
has heen smoessfully in mongnic
rather than orgnic nl)hl]u [1-3). Tuming of energy level
alignment & camisd out n orgamic photo valeie od] wing
electrical daping at molecular level [4]. Rudar [5] has successfully
fabricated Ndype compound, which comsists. of several sublayes.
in -V inorganic materials wsing elecirical doping in his patent.
Inchsion of dectronic contibution ar electwn acceptation is the
hasis of electrical deoping 0 fhe molecular films. Interfices can be
madified by dectrical doping. Accosling o Cao and Kahn [1],
bipolr camier tensmimion imo molecular films can be
accomplished withoul comventional 1 and p doping In this
analyiical study elecincal doping process has been used to st up
the sysem & a p-in junction, by adding a certain amount of
champe at the two electdes. This will lead o the shift of Fermi
Tevels af the two elecirodes relative to sach other. Thus a poientia
drep & genersied mio the sysem. The electades have difierent
Fermi levels; so fheir difference of chage represmts an apphiad
bias vellage 1 the system [6-5]. Thus e platinum (Pt} metal
nlﬂnﬂ.nhwmldq)dnphd]}c“n:lllhnﬂnlwm
Loluﬂlnrmlmulmdpmn potential drop into the
sydem  without @ daping
Emhlbpnnmlh:xnﬂh'lhmdw
methad, becmse this will give very high doping concentration
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[6-5). Therefiore, traditions]l doping is net being wed for the Pt
metal The acvantages of elecrica doping ane:

(i) Devi L e improved by i n
mmqmmddnuwlqmm[z 4]

{ii) Ohmic contack on inorgamic sem conducions can be achieved.
Ty electrical doping [4]
{iv) Niype elecirical doping aptimisation [3] results the fallowng
mprovement m 1=V nitride marganic compounds.

{2) Contact resistance

{b) Bizsing voliages

(&) Minority cammier mjection

{d) Recombination characteristios.

In this deping process the left and 1 ght electrodes are modelled
with their respective Fermi levek F(E) and FE). When e
voliage is applied hetween the two elecimdes then ¥y, is defined
(1)}

gV =FuE) - Fy(E) m

The pri-n photodiodes show its natural optical properties along with
s tramsistor mature [9, 10]. Adenine and Thymine are ane of e
st powerful and primany muckeahases for DNA and RNA. TINA
mleules can be used 2 nawm] semor due o i powerful
sifamsembled propety [11]. Four mclechases, ie. ademine,
fhymine, gumine and cytosine shows mhahit elecinonic praperties
when they are kept between two par of eletrodes [12]. The
electricdl fiekl driven neurstmnamiter bi-device has also heen
made wng malecular adenaline hiodigud o msulator [13).
Manaparous silicon membrane hated hicumolecular devices has
alo been wed n drug delivery sysem [14]. Using the simila
omoept of siliom on imulaskr, hpophylic and hydrophylic
hiodiquids have been usd a5 st hodevice wing e
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The photo excited ek i ission properties of Ad based 1 Introduction investigated principle  formali
bio 2 lar switch is at room Land for- This paper presents the enhancement %mim-mmdwm“mﬂ pm‘mmm,y m“g
mﬁmoombimdwnhbmﬁl)enntyﬁncmndThaylndNo--&pl- propentes for merogen base moleciles of anzle sand DNA  pohngney i heipfl in low-power
1it Gi Fi e bas 1o d - 2 - (sDMA). ie adenine and thymine In this analytical model two semiconductor desizn technology with Class-G udio amplifier
rrasandy adenine and thymine molecules are paired up and commected with 1777 " cyvipchable charse pump Bas also been used to eliminae
characteristics of this quasi one-dimensional optical switch. Two metal- ‘platimm (Pf) electrodes. Pt is inert toward amy fype of chemical mmhmmmnﬂmmm
lic n.glc wdledurbonmmube(d 2) electrodes have been used 1o Teaction with itrogen bases. Therefore, Pt bas been chosen 25 an pump. Henre, the available silicon area is wilised more efficienthy
g = A Kleal material for electrodes. The adenme and thymine molecular 13]. DC-DC switchi P
1S chatge The. chege, mmignatict chain . therefore. hyimogenated t make the device pmwed Lok switching convester can akio be futmoduced o
from the molecular j o id difference in con- foward_ coment conctity and more efficent for QUBI Syt e T T e ot e L
ducting current. This ling curreat is relatively small duc to the mmmmmmwl_m-: Elmmmﬁmm;mmw«
weak pling the and the clectrodes. This bio Ewesizate DA saquenciug [1]. Transverse slecronic MBSPOT  jnoyiyied pare bipolar mansistor [14]
molecullr!wil:ihls P 4 in Coulomb-blockade regime. The bio ‘propenty has been nvestigated due to the tnnelling effect between ‘Thearetical stdy of quanium-slectronic properties of DNA.
Py 3 ) 2 DNA and electrodss. The transverse elsctroaic transpart has been > h
its b et gl iofrusio = guences has been already g o emerge technology in the
(OFF’) to 90° twisted CON) form upo- pbo.o excitation. HOMO- prposterhsti e A rat vt gl L . This i3 molecular thearetical
o oo g investigation has been camed out with Atomistic Tool Eit-Virnal
LUMO gaps and the spatial di are manopore graphene electrodes [3]. Electonic ehancement Wil yany [ yboratory (ATE-VNL) version 13.8.0 software simulation
in detail using Hllheﬂm:pﬂmdhzdbnnfumjofthbo copper (Cu) modificaion & DA, cham was introduced wsiig st .

" x prnciple approach. Within thess base pairs. hydrogen atoms (H) The desin of graphens menl-insulator-semiconductar field-
molecule. The theoretical results show that this molecule conducts upto bave been replced by Cu which leads to the conductivity effsct diode MISFED's based on extended Hickel theory and
BmAcmmwlmuhsbmmsmdl%’&mﬂmmughknfam enhancement in the nitrogen base pair [4]. Double proton mansfer e pa; ‘With phmEm atomic force

effect in the of DNA base pairs has also been hIED operating fequency with gpimum
This property suggests this system has ive prosp -mmm 1::ﬂlmny ‘technigue imroves ‘mamsierss commmicaon Lo} Gaed grmphene selfswiching diode shows promirent
tion in future g jon optical bio molecular switch gy. Elec- thoush base pais [5], Nuckoides frmush e cossmelle et aGE s o] A T e
trical doping mshsh:cn & d for this Iytical model of :‘éf"m‘wm‘rmmmhﬁ heterostructure of Cu/amorphous-tantahm pentoride (a-Ta, 0Pt
pin switch. This pr d the ~ballistic Tos 7] Contminty o s DA sy s pn 2 Svich wing ety damics Smiaton e

) ; s ! Toom: amorphous switch which is
gh the ing region of the molecule. mmmwmﬂmﬁ lhmpﬂiw:ms £ iminaa] stress
et Er L5V mmhmmuu sequence [y While opecating at 300 K [17], The reduced atomic force with a low
) z: é » ical doping, , p-i-n Switch, SWONT Cument distncs response of s:DNA sequence has beem mmmbmﬁum
[ET Circults Devices Syst. 1
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walled carbon na using theory along Green's.
fumnction based first iple app Thes.err- moded of this single switch has operated at an
ultra-high 25 THz frequency in mid-UV 'I'Ilsslnﬂehio—nﬂem comprises switching activity upon UV phobo-ex

aedlsﬁassedmdelalmlhrssmdy It has been cbserved that the maximum OM-OFF
. Theoretical results show that curment through the twisted form is sufficienthy
that this structure has smart prospective application in the future
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acul, - = lacul switches with the proposed
symnhn!bemwﬂlnplmd[l 11] [megllepaada’.mn This bio-molecular optical switch is activated under UV-B
bas been observed that the and manipulation f 4oy evcitation. The wavelength of the light is ~300 nm. The
Table 1 50N between exists and model
Features “Waniows molecular switches
Existing approach Proposed approach
1.23-Diphenyliriazene  Phenoxgynaphthacenequinone opio-  Pyridine-substituted Proposed bio-
maolecular switch [20] dithienylethene optical inspired molecular
[181 malecular switch [21] switch
‘oeEkgn based on DFT + NEGF DFT + NEGF DFT # MEGF DFT + NEGF + EHT +
inst principie approach
applied bias vol. —2to#2V “2+2V 2t +2V —00i i #0.01W
max. transmission 069 {3ppron) 0.9 {approx.) 08T {approx.) 1.04
electme okt gold goid SWCNT
‘operating frequency —_ —_ —_ 25THz
distance between two 1652 A — optimised dstance 34nm
elecimies
photo-excitaton rangs — v uv mig-LA (L8]
‘wavelength of light - #3546 nm — 00 nm
HOMO—LUMO gap for — — — 1.4 &V {batsted fomm)
two fonms
225 eV {stralght formi) — — —
atomic force 005 evid — — ooz ewid
IET Nanoblatechnol. 1

© The Instifution of Engineering and Technalogy 2018

L INTRDMRLETHN
‘The anmsl FET [ TPET ) bus boee proved wi o stroog catiders
for Cotcrs pamatation Jow powat spplication o2 tnits Low xob-

remechay [1L [31Y]. Dun i bigh caccer mohilicy sad
rikbem FET fiils tnperne
i the Eckd of d cation [} 6] b we

AL bl

alsw trylag @ Ead un aliertadive TFET don i T pressacs:
of Lakags oocreot ia e MOSPET which wae S0y s gate
Aalericie [7], (0.
hmmmmwuw
chuwnal has ham. wing DFT
mlnd.ﬁﬂpql:w_lw:ﬁhhhufh

wiution tedraln cemont of this Wo-molecalar TFET s belag

1 3K Tn svoid the
bty of okt wriding, destriesl doring L otmdord
o dexign tx wmalytical skl TFET. I caxc af clestracel
doping, & pokiitlel drop 1 o b afiiked boterban He e
iermdnaly of & sysiom or o die case & two omedaals of
rlectmodes by indocing two diffacent md opposite potwotials

. i wiak G




Snapshot of 1%t Page of Journal Publication

Dey ot al Nanoscale Res Lot (2027) 1620
ittpaidotcng/10.1 1861 1671-020-03467-x.

NANO REVIEW

Electrically Doped Nanoscale Devices Using

Manoscale Research Letters

Open Ac

First-Principle Approach: A Comprehensive

Survey

Debarati Dey'?, Debashis De®?, Ali Ahmadian®<'(3, Ferial Ghaemi® and Norazak Senu®

Abstract

Doping is the key feature in semiconductar device fabrication. Many strategies have been discovered for contralling
doping in the area of semiconductor physics during the past few decades. Electrical doping is 2 promising strategy
that is used for effective tuning of the change populations, electronic properties, and transmission properties. This
doping process reduces the risk of high temperature, contamination of foreign particles. Significant experimental and
theoretical efforts are demonstrated to studly the characteristics of electrical doping during the past few decades. In
this article, we first briefly review the historical roadmap of electrical doping. Secondly, we will discuss electrical dop-

ing at the malkecular level Thus, we will review some experimental works at the molacular level along with we review
avariety of research wirks that are performed based on electrical doping Then we figure out importance of electrical
doping and its impartance. Furthermare, we describe the methods of electrical doping.

brief comparative study between electrical and conventional doping metheds

Keywords: Electrical doping, DFT, NEGF, First principle, Molecular modeling

Finally, we condude with a

Introduction
Dwoping plays a crucial role in determining physical char-
av:tenshﬁand ulﬂ.l'lp"ﬂ.hm‘li of various organic or
for semiconductors. This
mathod has been successfully proved for the semicon-
ductor physics industry. A small amount of sddition of
impurities determines the concentration and
electrical conductivities of the materials. It is observed
that an ideal dopant should exhibit an ideal solubility in
its host material, and it also exhibits a low defect level.
However, same basic problems are related to this type of
conventional doping process, for exampla, doping bot-
tleneck which powarfully affacts the device performance.
‘This type of performance degradation has been obsarved

*Comespondence: alshmadansukmuadumy
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For axampla, in the cass of the minima of high conduc-
tion band device, n-type doping is challenging, whereas
for maxima of the low valence band device is also com-
plicated [1, 2]. Therefore, some problems arise for the
bipolar doping process in wideband semiconductors.
It is observed that eithar p-type or n-type dopants can
be inserted but not togather [3]. Therefore, to compen-
mhrﬂmtypeo\f a feasible solution has been

into the domain of doping. This type of
proposed approach is known as electrical doping, which
does not depend on this type of bipolar doping. Electri-
cal doping has been introduced to solve the problems of
bipolar doping. In the late 1980s" and 1990s; researchars
observed that I11-V compounds like a single crystal of
GaN are difficult to grow. Even more, for commercial use
of GaM substrates were also unavailable at the era of the
late 1990s] The reason behind it was explained in such
a manner that the difference between lattice constants
and coefficients of thermal expansion of the sapphire
substrate and the GaN semiconductor made it difficult

€] SpringerOpen e

atthaand of thaartic to grow a high-quality GaN-based epitaxial layer on the
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Abstract

One of the i £ today's ch is molazul ol A molecuk The mokculsr logic gate
can be ically img from single-strand DN A which igts of four basic In this study, the electronic
ranamision characteristics of DNA chain are invedtigated 1 form the logi Thi mle—sﬂmmu\chnis
jpassed through an electrically doped gallium-arsenide nano-pore to achieve i long <1 1 1=
dnmamm-wlugmm&metuyﬁm!gmmmphofﬂum“mewm
with the ivity of the device il of some i logic gates like a universal gate. Ultimately

the property of resigtivity proves the law of Boolean logic of AND gate and universal logic gate, viz, NAND and NOR gate. All
the electronic propertiesof the Boolean logic gate are explored based on the first principle approach by non-equilibrium Green's

function coupled with density func tional theory in rom temperature.

Introduction

A handful of research on the molecular eircuitis going on over

circuitry [2, 6]. An antificial nucleobase was developed to set
up a sieady bond between cysine and thymine by exploited
whole transport property efficiently [ 7. Hairpin like DNA has

the last few decades after Adleman's experi finding of
DNA can be used as a computing too] [1]. In recenttimes, the
researchers give emphasis on field effect transistor (FET) to
build logic circuitry insiead of applying macro-molecule a5
makerial [2-5]. Nowadays, biomolecules are used to build
logic devices. Single biomelecules, 35 well s the complex
stucture of a biomolecule, are used to form different logic

1 application in molecular computing [8-11].

DA and other biomolacule were used © construct malacu-
lar suomaton [ 12, 13]. The dmple molecular level stonomous
compuier was described which was capable to tike input and
provide autput in the molecular form [14]. Deoxyriboryme-
based DNA logic ware also proposed where substrate and oli-
gonuckotides are mixed together 1o form the sohution, and the

(5] DehansiDay
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output is obtained from the product after. mg[15,
lﬂ.Smm‘ple(lo@cuumwﬂmsmmedmﬂt
reseanchers gave an idea of how DINA is used io build different
multiplexes and demultiplesers [17, 18] DNAzyme-basedme-
lecularlogic gatke was also proposed [19].

The basic DNA logic gaies were designed by managing
DNA origami strecture with the assistance of aptamer-
i cgy [20]. In anofher experiment, the ch

show that the flugrescent signal has boen activated while the
DNAzyme-based logic g is trying tomanage DNA tile self-
assembly o form DNA origami [21]. The DNA origami was
used in basic logic gate designing slong with maiority gate by
u.ngsumddq)lmmm[ﬂ].mnpnmofm
mlnp: d their ep was de-
i ided to the DMNA
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Abstract
mﬂmmdmummmmudqummmmm
structural and electromic f single walled rigmg Gallivm

transport proper
ivestigated using WMU(MMMMMGMIFWMGP}M
TFarst Principle formalisms. Structural stability and enhanced elecironic transmission property of Gallium
Arsenide manotubes (NT's) have been analyzed for the chiral vector 3£ n £ 7. This analysis based on the

Perdew Barke Ernzechoff zation al Gradient imation {GGA)

m:ﬁemmmdmrmmmwwﬂ
band gap have been analyzed. The investigation confirms that buckling property and bond length of these
mnumbudxmuuthdmd’ﬂmmhammgnhbmduudlhnﬂn}m
is being considered as most stable nanotube amang all. Binding encrgy abo incresses with the increasing
diameter of the tubes. This two prob PF
mwmmnmmaihmmmmmwﬁ
pmc,adnm pma]dmpha:bemmdbmlhmdamuda dmulpmulhud.ummth

al drop, the dev d dsin the Bow of high cond

through the central part of the NS

Keywords: Chiral Vector; DFT; Gads Nanotube; NEGE
‘How to cite this article
Dey D. Fist princaple study o iructural and electroms trnsport. properties for efctricaly doped zigmg stngle wall Gads

characteriati um uring the simulation process
i 52.6 pA. Moreover, the local device density at energy levels proves
the didk of it bes as logic isai

trum analysis alse high ch 1 conductivity at the central
scattering region of the nanotube.

Key words: Cytosine, DFT, logic gates, nanotube, NEGF

monvrmun
Nowadays, the world is moving towards bio-
Mnhbedmmdsmwtsmw to

construct circuits from biomolecules,

Several
dnvm wheancmbedmﬂ:thehbd‘a
Single ules or

mmphlhmnhwhr wtwhwhmmw
Currently,

investigate different logic devicea'
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ing field effect transists
Cm'l'blhuﬂtmth hm.’leglesmbendufm
molecules as The charge transport

mamwnﬁcmtlymlmed to fabricate
a single-molecular hig-device. An artificial nucle-
ohase was hole tranaport

to design different types of logic
m’ A DNA hairpin-like configuration was used

namofubes. Int. I Namo Dtmens., 2018 9 (2): 134144

INTRODUCTION
Gallium Arsenide (Gaas) is one of the most
challenging and direct band gap i tor,

senses MO, nmletuluwinyfumgnmnleuls [a-
]

which plays an important role in semiconductor
nanotechnology. Due to the direct band gap
property, GaAs plays the crucial role in the optical
domain. Since the evolution of Carbon Nano Tube
(CNT), tremendous theoretical and experimental
research works have been demonstrated all over
the world. Quantum transport properties, spin-
filtration property and spin transport of CNT have
been investigated when CNT formed composites
with Copper, Chromium, and iron [1-3]. CNT has
alguhampluwdashghmnglleﬂcewhenn

* Camesponding

of nanotubes (NTs) and their quantum-mechanical
properties [7-14]. Several properties like structural

spin dependent transportation features, effect of
muoister and defect and absorption effects have
been demonstrated for these NTs using Density
Functional Theory (DFT] and Mon-Equilibrium
Green’s Function (MEGF) based First Principle
approach.

In this paper, the structural stability amd
quantum-ballistic  properties of  electrically
doped GaAs NTs have been investigated at room

— “This weurk is icensed umder the Creative Commoas Attribation 4.0 Interational License.
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