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Abstract— 1-D quantum-well (QW) formation and energy state
confinement in armchair graphene nanoribbon (A-GNR) het-
erostructures have been studied. A photodetector device structure
based on A-GNR-QWs has been proposed to incorporate both
interband and intersubband optical transition using a back-gate
potential. Photocurrent, dark current, and quantum efficiency
of different A-GNR-QW photodetector structures are studied
using self-consistent simulation between nonequilibrium Green’s
function formalism including electron–photon interaction and
Poisson’s equation. Optical detection from short-wavelength
infrared to ultraviolet range has been observed having a tunable
feature, which makes our device a promising candidate for future
optoelectronics.

Index Terms— Graphene nanoribbon (GNR), interband,
intersubband, photodetector, quantum well (QW).

I. INTRODUCTION

GRAPHENE nanoribbon (GNR), nanopatterned 2-D
hexagonal lattice of carbon, is recently going through

extensive research due to its remarkable electronic [1], [2] and
optical properties [3]–[5]. Graphene’s suitability as a photode-
tector was first demonstrated in [6]. Photocurrents for single/
bilayer graphene interfaces [7], graphene p-n junctions [8],
and hybrid graphene–quantum dot phototransistors [9] have
also been reported. Unlike graphene, which is a zero
bandgap material, depending on the edge geometry, armchair
GNRs (A-GNRs) can have finite bandgap, thus exhibiting
semiconducting behavior [10], [11].

Modern high-speed optoelectronic devices require different
semiconductor heterostructures, which are usually grown as
stacking crystalline materials of different electronic bandgaps.
However, such structures require complex fabrication tech-
niques (e.g., molecular beam epitaxy and chemical vapor
deposition) to ensure sharp lattice-matched 2-D interfaces.
In this context, intra-GNR heterostructures might open up
a new dimension as structural variations of A-GNRs allow
molecular-scale bandgap tuning through 1-D quantum con-
finement [12], [13]. The formation of 1-D quantum-well (QW)
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and resonant tunneling phenomena, involving edge modulation
and composition modulation of A-GNR-based heterostruc-
tures, has been investigated through the first-principle calcula-
tions [14]. Recent advances in material growth and fabrication
techniques have made it possible to realize GNR heterojunc-
tions with lateral dimensions below 2 nm [15]. More recently,
edge-modulated A-GNRs at subnanometer length scale have
been fabricated using bottom-up synthesis technique [16],
which demonstrated molecular bandgap engineering, including
type-I heterojunction behavior. Graphene photodetectors [17]
and A-GNR superlattice-based photodetectors [18] have been
studied numerically. However, simulation-based study on
A-GNR QW structures as interband and intersubband photode-
tectors is yet to be done. Therefore, the investigation of the
quantum confinement and optical properties of such structures
along with their performance as photodetection devices is a
highly appealing prospect for future optoelectronics.

Here, in this paper, we have investigated energy state
confinement in intrinsic A-GNR-QW through numerical
simulation using a suitable device structure to assess its
performance as a photodetector. The effects of different struc-
tural parameters on such confinement have also been studied.
Optical ranges, photocurrent, quantum efficiency (Q.E.), and
dark current are also studied through quantum transport
formalism coupled with electron–photon interaction.

The A-GNR-QW photodetector device structure is shown
in Section II. The simulation procedure is described
in Section III. The simulation results are presented and
discussed in Section IV, and the conclusion is presented
in Section V.

II. DEVICE STRUCTURE

Device structure along with the photosensitive A-GNR
channel is shown in Fig. 1(a). A back gate is used to control
the interband-to-intersubband transitions. Silicon dioxide is
used as gate oxide with the oxide thickness of 15 nm. The
incident light is assumed to be monochromatic with the electric
field associated with the light is polarized along the channel
direction. Photodetection layer, in Fig. 1(a), is designed
utilizing peculiar electronic properties of A-GNRs. Depending
on the number of carbon atoms, N , along the ribbon width,
three distinct groups: 1) N = 3 p; 2) N = 3 p + 1; and
3) N = 3 p + 2 (where p is a positive integer) of A-GNRs
are defined. Within each group bandgap, Eg decreases with
the increasing ribbon width with the superimposed oscillating
behavior [19].
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Fig. 1. (a) Device structure of A-GNR-QW photodetector with a back
gate. Different regions of A-GNR-QW structure-1 have been shown. Effective
area per atomic site is shown by a blue transparent hexagon, which is
a = (

√
3/2)a2

c−c and ac−c = 0.142 nm. (b) Energy band diagram (arbitrary)
of an interband A-GNR-QW photodetector. Different types of transitions are
shown when the device is under positive bias at drain contact with a back-gate
voltage, Vg = 0 V. (c) Energy band diagram (arbitrary) of an intersubband
A-GNR-QW photodetector. Different types of transitions are shown when the
device is under positive bias voltage at drain contact along with the positive
back-gate voltage.

When ideal A-GNR heterojunctions are formed by a
sequence of ribbons belonging to different groups, for
Fig. 1(a), Nb = 9 (barrier)/Nw = 11 (well)/Nb = 9 (barrier),

the bandgap difference between Nb = 9 (Eg = ∼0.95 eV)
and Nw = 11 (Eg = ∼0 eV) acts as a confining potential for
the Nw = 11 region, giving rise to an effective 1-D potential
well. Due to this confining potential, energy states of different
nature [e.g., confined states (inside well region) and quasi-
continuous states (near continuum level)] are created in the
well region. Once the constituents of the heterostructure are
defined, the number and nature of states created in the well
region will depend on both the barrier width Wb and the
well width Ww. The source and drain contacts are also made
of A-GNR of N = 11, ensuring smooth interface to enable
negligible contact resistance.

Energy band diagrams in Fig. 1(b) and (c) explain the
operation principle of the designed photodetector under
specific bias conditions. For zero back-gate voltage and small
positive drain bias voltage [Fig. 1(b)], energy states in the
valence band (VB) will be completely occupied, and energy
states in the conduction band (CB) will be completely empty.
Hence, for the incident photons with particular energies,
we will observe electron transitions from: (i) confined state to
confined state; (ii) confined state to quasi-continuous state or
vice versa; and (iii) quasi-continuous state to quasi-continuous
state. As for all of these cases electron would go from the
VB to the CB, under a specified bias condition, the device
will act as an interband photodetector. When a positive
back-gate voltage is applied so that the first confined state
in the CB becomes populated [Fig. 1(c)], instead of confined
state-to-confined state transition, we would observe electron
transitions from the confined state of CB to the quasi-
continuous state of CB for relatively lower energy photons.
At higher photon energies, transitions are still of interband
nature. Hence, at a certain back-gate voltage, the device can
also act as an intersubband photodetector for lower energy
photons.

III. SIMULATION PROCEDURE

A. Quantum Transport (NEGF Formalism)

To obtain photocurrent, quantum transport equation
with electron–photon interaction is solved using non-
equilibrium green’s function (NEGF) formalism [20].
In order to incorporate the charging effects and to
obtain built-in electric field, Poisson’s equation and the
transport equation are self-consistently solved. Under
NEGF formalism, the carrier dynamics is described as
retarded Green’s function, G R . At steady-state condition, the
function can be written as

G R(E) = [
(E + iη)I − H0 − �R

S − �R
D − �R

ph

]−1 (1)

where H0 is the device Hamiltonian, and �R
S(D) is retarded

self-energy term due to the source (drain) contact. The effects
of electron–photon interaction on carrier dynamics are incor-
porated as an interaction self-energy term �R

ph. The effect
of electron–phonon and electron–electron interactions can be
included by adding additional self-energy terms [21] in (1),
which are omitted for simplicity. I is the identity matrix, and
η is a small number to enable the energy-level broadening
effect. Real part of �R

ph can be neglected as it does not change



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

SAHA et al.: GNR QW INTERBAND AND INTERSUBBAND PHOTODETECTOR 3

the photon absorption and emission rate [22]. Therefore, taking
only the imaginary part

�R
ph ≈ − i

2
�ph (2)

where �ph is the energy-level broadening function due to
electron–photon interaction and can be calculated as

�ph = �in
ph + �out

ph (3)

where �in
ph and �out

ph are the electron in-scattering and
out-scattering functions due to photon interaction, respectively,
and are defined as

�in
ph(E) = (Nph + 1)MGn(E + Eph)M†

+Nph MGn(E − Eph)M† (4)

�out
ph (E) = (Nph + 1)MG p(E − Eph)M†

+Nph MG p(E + Eph)M† (5)

where Nph is the number of incident photons, and Eph(= �ω)
is the photon energy. The first term in (4) and (5) denotes
stimulated and spontaneous photon emission, and the
second term denotes photon absorption. The term M incor-
porates electron–photon interaction, which will be elaborated
in Section III-B. The electron and hole statistics are described
by correlation functions as

Gn(E) = G R(E)
[
�in

S + �in
D + �in

ph

]
G R†

(E) (6)

G p(E) = G R(E)
[
�out

S + �out
D + �out

ph

]
G R†

(E). (7)

The contact in/out-scattering terms are calculated from the
energy-level broadening function, �S(D) = i [�R

S(D) − �R†

S(D)],
due to the source (drain) contact using the following set of
equations:

�in
S = fS�S, �in

D = fD�D, �out
S = (1 − fS)�S

�out
D = (1 − fD)�D

where fS and fD are the source and drain Fermi functions,
respectively. Density of states (DOS) at the j th atomic site
can be defined as

ρ j (E) = 1

2π
A j, j (E) (8)

where A = i(G R − G R†
) is called spectral function. Then,

electron (hole) density at the j th atomic site can be calculated
as follows:

ne(p)
j = 1

π

∫ ∞(Enj )

Enj (∞)
Gn(p)

j, j (E)d E (9)

where Enj is the charge neutrality point [23] at the j th
atomic site and calculated by evaluating two integrals over
DOS at each atomic site using a trial energy value, Enj as
upper bound for valence states and lower bound for conduction
states in search of equal distribution. The electrostatic potential
distribution is determined using Poisson’s equation as

∇2U j = q
(
ne

j − nh
j

)

εa	z
(10)

where U j is the Hartree potential at the j th atomic site,
ε is the permittivity of channel material, a is the effective

TABLE I

THIRD NEAREST TIGHT-BINDING PARAMETERS

area per atomic site and z-axis grid spacing 	z = 0.5ac−c.
The equation is solved under 3-D discretization using the
finite-difference method. For source, drain, and gate contacts,
boundary condition is Dirichlet (as the potential is fixed in
contacts). In addition, in open faces of GNR sheet and oxide,
the boundary condition is Neumann (open boundary).

B. Tight-Binding Description

The atomistic real-space description of GNR is depicted by
the third nearest tight-binding parameters; therefore, the device
Hamiltonian can represent the π∗ − π electrons effectively.
To incorporate the effects of bond relaxation in edge carbon
atoms [10], different sets of tight-binding parameters are used
for them, assuming the atoms are hydrogen passivated. The
parameters are extracted from comparing DFT-based band-
structure calculation [10], and are given in Table I. Here,
εc is on-site potential, and t j are the tight-binding hopping
parameters for the j th nearest neighbor in C–C bond.

The tight-binding description turns the device Hamiltonian
H0 [24] into an n × n matrix, where n is the total number of
carbon atoms within the corresponding GNR structure. Each
element of this matrix is represented by 〈l|Ĥ0|m〉 which is
tight-binding energy between the lth and the mth atomic sites.

The above-mentioned term M also becomes an n×n matrix,
where each element of the matrix is represented by [25], [26]

Ml,m = (xm − xl)
iq

�

( √
εrμr

2Nphω2εc
pop

)1/2

〈l|Ĥ0|m〉 (11)

where xm denotes the position in the x-direction for the carbon
atom at the mth site, εr and μr are relative permittivity and
permeability of GNR, respectively. Pop is the incident optical
power density, and c is the speed of light.

C. Self-Consistent Simulation

Contacts are assumed to be semi-infinite, and the contact
self-energy terms are calculated using the standard iterative
approach [27]. At the starting of self-consistent iteration,

�R
ph and �

in(out)
ph are assumed to be empty matrices. Then,

using (1), (6), (7), and (9), G R , Gn , G p , and ne(p)
j are

calculated which provide update on �R
ph and �

in(out)
ph through

(4) and (5). These new self-energies are again used to find
new values of carrier density, ne(p)

j , and the iteration is
continued until the difference in carrier density evaluated in
two successive iteration steps is less than a given tolerance
value (10−4).

To update the initial Hartree potential, U j at the j th atomic
site in the device Hamiltonian Poisson’s equation is solved in
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Fig. 2. (a) DOS (states per atomic site) of A-GNR-QW structure-1 along the device length. DOS is represented by averaging over site contributions at
atomic sites with the same x-coordinate. Different optical transitions are shown as (i)–(iii). (b)–(d) Normalized photocurrent spectrum due to photon energy
of 1.3, 2.2, and 3.1 eV, respectively. (e) Photocurrent response of the structure (at Vg = 0 V, Vd = 0.1 V, and Pop = 1000 W/m2).

an additional self-consistent loop using the carrier densities
from NEGF transport equations.

Once convergence is achieved, photocurrent and dark cur-
rent spectra are computed as

Iph(E) = 2q2

h
Trace

[
�DG R�in

phG R†]
(12)

Idark(E) = 2q2

h
Trace

[
�DG R�S G R†]

(13)

where h is Planck’s constant. The current is obtained by
integrating current spectrum in (12) and (13) over the energy
range.

IV. RESULTS AND DISCUSSION

Photodetector for the specified geometry in Fig. 1(a)
is simulated under the formalism to calculate the DOS,
photocurrent, and dark current. The calculations are performed
at 300 K for the optical power density of 1000 W/m2. Fig. 2(a)
shows the DOS of the device for zero back-gate voltage
(for interband transitions) and 0.1 V bias voltage at the drain
contact. Since the system is open, there is no true bound
state in the well region. The formalism only considers states
(e.g., confined states and quasi-continuous states) which con-
tribute to the current through coupling themselves with the
extended states of finite amplitude in the contacts. Different
optical transitions [as shown in Fig. 1(b)] are represented
as (i), (ii), and (iii) in Fig. 2(a). Normalized photocurrent
density, J , as a function of energy at the middle of the well
(at x = ∼2 nm) corresponding to those optical transitions
(at particular photon energies) is also shown in Fig. 2(b)–(d).
From these results, it is apparent that the CB electrons and
VB holes contribute in the photocurrent. This is due
to the fact that when a photon with particular energy incidents
on the device, an electron is photoexited from the filled
VB state, leaving a hole behind. This electron then tunnels out
of the well from the CB state to the drain contact, producing
electron conduction current. While another electron from the
source contact fills the vacant state in the VB, producing
hole conduction current. The summation of electron and hole
current contributions, i.e., total photocurrent, is constant over
the length of the device, obeying current conservation [28],

Fig. 3. Electron and hole component of photocurrent along x-direction for
(a) interband transition at Eph = 1.3 eV and (b) intersubband transition at
Eph = 1 eV for A-GNR-QW structure-1.

Fig. 4. PED (per atomic site) at incident photon energy of (a) 1.3, (b) 2.2,
and (c) 3.1 eV.

but individually they increase toward the respective contacts.
This characteristic is shown in Fig. 3(a), where photocurrent
due to electron and hole components is shown separately
for A-GNR-QW structure-1 at Eph = 1.3 eV, and total
photocurrent is found constant along the x-direction. Pho-
tocurrent response of the device for different photon ener-
gies is shown in Fig. 2(e). The first peak in this spectrum
occurs at a photon energy of 1.3 eV corresponding to the
transition marked is (i) in Fig. 2(a), which is expected as
the separation between the confined states in the VB and
CB as ∼1.3 eV. From the spectrum, two additional peaks are
observed at photon energies of 2.2 and 3.1 eV corresponding
to the optical transitions (ii) and (iii), respectively. Photore-
sponse for transition (i) is sharper than for transition (iii),
and the magnitude of the photocurrent is slightly larger
in (iii) than in (i). This can be explained from photogener-
ated electron density (PED) in the CB for different incident
photon energies, as shown in Fig. 4. PED for incident photon
energy Eph = 3.1 eV [in Fig. 4(c)] is larger than PED
for Eph = 1.3 eV [in Fig. 4(a)], which results in larger
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Fig. 5. Different A-GNR-QW structures with the variation of well width (Ww), barrier width (Wb), and barrier height (Hb). The corresponding DOS is
also shown in 3-D and 2-D plots for Vg = 0 V and Vd = 0 V. (a) A-GNR-QW structure-1: Nb = 9 [Eg = ∼0.95 eV] and Nw = 11 [Eg = ∼0 eV].
(b) A-GNR-QW structure-2: Nb = 7 [Eg = ∼1.27 eV] and Nw = 11 [Eg = ∼0 eV]. (c) A-GNR-QW structure-3: Nb = 9 [Eg = ∼0.95 eV] and
Nw = 11 [Eg = ∼0 eV]. (d) A-GNR-QW structure-4: Nb = 7 [Eg = ∼1.27 eV] and Nw = 11 [Eg = ∼0 eV]. (e) A-GNR-QW structure-5: Nb = 7
[Eg = ∼1.27 eV] and Nw = 9 [Eg = ∼0.95 eV].

photocurrent for optical transition (iii). A small PED
[in Fig. 4(b)], and hence photoresponse with smaller peak,
is obtained for optical transition (ii), as shown in Fig. 2(e).
Though such transition is not supported by the conventional
selection rules for ideal QW structures, here, small photore-
sponse is found due to the small size of the well (as it contains

only a few number of atoms) where the shape of molecular
orbitals within the well depends on its atomic orbitals rather
than envelop wave function.

Different A-GNR-QW structures and their corresponding
DOS are shown in Fig. 5 to analyze the effects of barrier
height, barrier width, well length, and bandgap in energy
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Fig. 6. DOS of the different A-GNR-QW structures (shown in Fig. 3) under the back-gate voltage Vg = 0.8 V and drain voltage Vd = 0.1 V. Due to
back-gate voltage, the first confined energy states within the CB populates by the electron, which in turn initiate intersubband transitions. (a) A-GNR-QW
structure-1. (b) A-GNR-QW structure-2. (c) A-GNR-QW structure-3. (d) A-GNR-QW structure-4. (e) A-GNR-QW structure-5.

Fig. 7. (a)–(c) Normalized photocurrent spectra of A-GNR-QW structure-1
due to different photon energies when Vg = 0.8 V and Vd = 0.1 V.

state confinement in the well region. In Fig. 5(a)–(d), well
is made of Nw = 11 A-GNR having a bandgap of ∼0 eV.
Comparing with their corresponding DOS, we can say that
the confined state goes to a higher energy level due to the
increment in barrier height, Hb, and goes to a lower energy
level due to the increment in well width, Ww, whereas in
Fig. 5(e), well is made of Nw = 9 A-GNR having a bandgap of
∼0.95 eV, resulting in merged confined and quasi-continuous
states. Fig. 6(a)–(e) shows the DOS of these A-GNR-QW
structures at Vg = 0.8 V and Vd = 0.1 V. Due to the
applied back-gate voltage, the first confined states in the CB
go below the Fermi level and thus get populated. Normalized
photocurrent current spectra of A-GNR-QW structure-1 for
different photon energies under gate bias (0.8 V) are shown in
Fig. 7. Moreover, under such bias condition, total photocurrent
conservation along the x-direction also obeys for particular
incident photon, as shown in Fig. 3(b). In order to assess their
performances as a photodetector, Q.E. is calculated as

Q.E.(%) = Iph

q ∗ (Ptotal/Eph)
× 100% (14)

where Ptotal is the total incident optical power (in watt).
Fig. 8(a)–(e) shows the Q.E. of the simulated structures at

Vg = 0 V and different drain bias voltages. Peaks are observed
for the allowable interband optical transitions. Multiple peaks
can occur in the Q.E. graphs (e.g., for structures-1–4).
This is due to the presence of both the confined states and the

Fig. 8. (a)–(e) Q.E. of A-GNR-QW structure-1–5, respectively, under bias
voltage of 0.1, 0.2, and 0.3 V when back Vg = 0. (f) Dark current at different
drain bias voltages when Vg = 0.

quasi-continuous states, as shown in Fig. 5, in the well region
of these structures. Therefore, there can be three different
types of optical transitions, as discussed in Section I, resulting
in multiple peaks in these spectra. On the other hand, for
structure-5, as the confinement occurs at edge of continuum
in both the CB and the VB, we get a single peak in the
Q.E. spectrum.

When bias voltage is increased, the probability of electron
tunneling from the source contact to the drain contact through
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TABLE II

OPERATIONAL RANGE OF DIFFERENT A-GNR-QW PHOTODETECTORS

the barrier also increases. In the absence of incident photon,
this tunneling current in the device for drain-to-source biasing
is termed dark current, which is constant over the whole
device. At relatively larger bias, electrons may gain larger
energy than the barrier height and transmit through quasi-
continuous or higher transmission states, resulting in larger
dark current.

Fig. 8(f) shows dark current for different A-GNR-QW
structures at Vg = 0 V. The current–voltage characteristics can
be explained from the DOS plots of Fig. 5. Among various
structures, for structure-3, shown in Fig. 5(c), the confined
states are created in the nearest position of source Fermi level
(∼0 eV), while for structure-5, shown in Fig. 5(e), the position
of confined states is the furthest. Thus, for structure-3, with
the increase of drain bias, larger dark current due to tunneling
is observed, whereas for structure-5, observed dark current is
relatively smaller. For three other structures, dark current is
larger than structure-5 but smaller than structure-3, which
is consistent with the relative position of the confined states
in their corresponding DOS plots. One notable aspect is
that the photodetector must be operated under a small drain
bias for efficient operation, as dark current dominates over
photocurrent at higher bias (>0.3 V).

As the application of back-gate voltage can populate the
confined state of CB, for incident photons with relatively lower
energies, photoresponse is found for optical transitions from
this filled confined energy state to empty quasi-continuous
states of CB, i.e., intersubband transitions. For example,
in structure-1 [in Fig. 6(a)], optical transitions of
type (i) and type (ii) [Fig. 1(c)] occur for particular
incident photon energies. Hence, several peaks are observed
in the corresponding Q.E. curve in Fig. 9(a). Here, the
first peak (at ∼1 eV) and the second peak (at ∼1.7 eV)
are due to intersubband transition (i), while the third peak
(at ∼2.75 eV) is due to interband transition (ii). This claim is
validated by the corresponding photocurrent spectra in Fig. 7.
Similar argument can be presented for the observed peaks
in Q.E. curves in Fig. 9(b)–(d) for structues-2–4. In these
structures, for photon energies up to 2 eV, Q.E. peaks occur
for intersubband transitions, while higher energy peaks occur
for interband transitions.

Fig. 9. (a)–(e) Q.E. of GNR structure-1–5, respectively, under bias voltage
of 0.1, 0.2, and 0.3 V. The back-gate voltage Vg = 0.8 V. (f) Dark current at
different drain bias voltages when Vg = 0.8 V.

A-GNR-QW structure-5 has no strictly confined states in
the QW region; hence, it is not possible to populate any
confined CB state under the applied bias. It is evident from
Figs. 6(e) and 9(e) that the Q.E. peak for this structure is for
interband transition. The application of back-gate voltage only
shifts the photodetection peak.

Dark currents for the different A-GNR-QW structures at
Vg = 0.8 V are shown in Fig. 9(f). At low drain bias (∼0.2 V),
dark current is much larger in structure-2 than in structure-5,
because under the specified bias condition, the confined state
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of CB of structure-2 goes below the Fermi level [in Fig. 6(b)],
and thus electrons from the source contacts can readily tunnel
to the drain contact through this state producing larger
currents. While for structure-5, the confined state of CB is
far away from zero energy level [in Fig. 6(e)], and thus lower
dark current is obtained. For this reason, Q.E. is much lower in
structure-2 than in structure-5. In addition, due to the pulling
down of confined states of CB at level of contacts’ states,
resonant tunneling behavior is obtained in the dark current
characteristics for designed A-GNR-QW structures (except for
structure-5).

The summary of optical detection ranges and quantum
efficiencies of various A-GNR-QW structures analyzed is
presented in Table II. One of the interesting features is that an
optical detection range of such photodetectors can be tuned
from short-wavelength infrared (SWIR) to ultraviolet (UV)
by: 1) varying structure of the photodetection layer and
2) applying appropriate back-gate voltages. Therefore, for a
wide range of photodetection applications, one can either use
the same structure with different back-gate voltages or use
different QW structures with a specified back-gate voltage.
Another important feature is that multicolor detection
(from multiple peaks in the Q.E. curves of Figs. 8 and 9)
is possible by this device. By comparing different quantum
efficiencies of the structures, it is evident that Q.E. depends
on the device structure and applied drain voltage. Therefore,
a wide range of photodetection and multicolor photodetection
with higher Q.E. is achievable through A-GNR-based
QW photodetectors.

V. CONCLUSION

In this paper, we have studied different A-GNR QW struc-
tures to investigate the energy state confinement and their
possible applications as a photodetector. We have proposed a
device structure to get control over interband and intersubband
optical transitions using a back-gate potential. The Q.E., dark
current, and optical detection range for different A-GNR-QW
structures have also been studied using the standard simula-
tion approach. The results indicate that such photodetector
can be tuned from the SWIR to the UV range along with
single to multicolor detection. We expect that such
A-GNR-QW structure-based device leads to useful applica-
tions in all-carbon optoelectronics.
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