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Abstract—In this work we show that superlattices formed (@)
as segments of armchair graphene nanoribbons (AGNRs) with
periodically modulated widths can be used as infra-red photode-
tectors. Based on the nonequilibrium Green’s function formal-
ism, along with an atomistic tight-binding model, the optical
characteristics of AGNR-based hydrogen-terminated and boron
nitrogen-terminated superlattices are studied. The role of line- v MR
edge roughness on the optical properties of such devices is L,
carefully studied.
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I. INTRODUCTION

Graphene, a zero band gap material, has attracted consider-
able attention from the scientific community due to its excel. . .
lent electronic, optoelectronic, and spintronic promsrt[1].

In order to use graphene in electronic applications, a gap
should be induced. Confining graphene in one dimension is the
most common approach to achieve a band gap. Based on this
approach, graphene nanoribbons (GNRs) have been intrdduce
where graphene sheets are patterned into narrow ribboes. TE‘(?- L. bs"e“:h of (a) an HSL(ldl)ba”ﬂ &b) an BNth()ll) photociets.
band gap in GNRs is inversely proportional to the width ofres%icif,;;n atoms are saturated by hydrogen and boron miragens,
nanoribbons. '
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It was suggested that superlattices formed as segments
armchair GNRs (AGNRs) with periodically modulated widths
can be fabricated and optimized for different electronid an .
photonic applications [2]. A recent experimental work indi GE)=[(E+i0")I—H—-%; — 9 — S| (1)
cates the feasibility of fabricating graphene nanoribbaita where H is the Hamiltonian matrixs}, and S, are the self-

different widths, which can be considered as segments of gnergies of the left/right contacts and, is the scattering

superlattice based on GNRs [3]. Such structures can behayge o orov - respectively. The NEGF formalism is emploied
as multiple quantum well structures and exhibit inter&stin ;. 1210 the photoconductivity of graphene superlathiased
guantum effects such as resonant tunneling [4]. However, fophotodetector devices. The Hamiltonian of the electr
such narrow structures, line-edge roughness plays an tergor : OO

role on the device characteristics [5]. interaction can be written as [2], [8]:

Rhno electronic devices [10]. In this formalism the effett o
various interactions is included in the self-energy term:

To date, many theoretical works have investigated the H, = Z M, (Befiwt +5Te+iwt) ala,, )
GNRs analytically [6] and numerically [5] and several greup P ) ’ L
have studied graphene-based superlattices [7]. In thik wer "
show that superlattices formed as segments of AGNRs with ie Bl N
periodically modulated widths can be used as infra-red pho- Mim = (2m = 21) 5\ 57 (U Holm) 3)

todetectors. The optical properties of AGNR-based hydrege
terminated (HSL) and boron nitrogen-terminated (BNSL) su
perlattices, are investigated. The effect of line-edgehmess
on the optical properties of such photodetector devices i
carefully studied.

wherez,, denotes the position of the carbon atom at site
1, is the photon flux with the frequency, and N is the
Bhoton population number. The incident light is assumecdeto b
monochromatic, with polarization along the longitudinaisa
see Fig. 1.

Il. METHODS Ill. RESULTS ANDDISCUSSIONS

Over the past decade the non-equilibrium Green’s function Fig. 2 compares the optical characteristics and bandstruc-
formalism has been widely employed to investigate variougures for HSL(11) and BNSL(11). Carbon-carbon interaction
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Fig. 2. Photocurrent spectrum and electronic band stredtur HSL(11) and BNSL(11) photodetectors.

up to three nearest neighbors are considered in tightitgndi ysis. For the given geometrical and roughness parameters
calculations for HSLs. In the case of the BNSL structuresmany samples are statistically generated. The charaateris

a more careful choice of the TB parameters is required duef each device is evaluated followed by an ensemble average
to a change of ionicities of the boron and nitrogen atomsver all samples. Figure 3 exhibits the results for HSL(11)
at the edges of the superlattice with respect to that of @and BNSL(11) with edge disorders. Due to backscattering of
nanoribbon. We propose the tight-binding parameters whiclearriers, the photocurrent and quantum efficiencies of both
are in excellent agreement with first-principle simulasion supperlattices decrease in the presence of line-edge meagh
Using these tight binding parameters, as shown in Fig. 2Figure 3 shows that due to effective width variation, the
b, larger energy gap is achieved for BNSL(11) compared tghotoabsorption peaks appear at energies larger or srtieadier
HSL(11). This difference in the bandgap is attributed to thethan the peaks of the structure without disorder. The aegerag
large ionic potential difference between the B and N atoms irwidth of edge-defected devices, however, is equal to that of
BNSLs. a device with perfect edges. Therefore, line-edge roughnes
does not affect the location of the photocurrent peak. The
Qverage photocurrent of edge-defected HSL peaks at photon
energies aroundiw = 1eV. This peak is related to midgap
states induced by line-edge roughness. Due to the formation
of dangling bonds in the presence of line-edge roughness,

¢ oo midgap states are formed. In the case of GNR-based trarssisto
power, respectively. The quantum efficiency peaks whenev

he ph I . ;gquch states result in significant increase of the off-curren
the photon energy corresponds to an allowed intersubbandqyever, dangling bonds are absent in edge-defected BNSLs
optical transition. Efficiency reachexr% to 28% in HSLs.

nd midgap states do not appear in such structures. HSL(11)

For the case of BNSLs, as expected, there are more peagspinits photoresponsivity and quantum efficiency reduni
in the specified energy range due to the changes in subbang'ose; 550/ and70% for the relative roughness amplitudes
spacings of the bandstructure. The peak photorespoesiviti ¢ 3%, 4%, and5%, respectively, whereas a smoother behavior
defined asl/y./ Fop, of HSL and BNSL are calculated 836 g pgerved for BNSL(L11). This behavior is attributed to the
A/W and 0.33 A/W, where 5the optical power of the incident giapje configuration of edge-carbon atoms in BNSLS compar-
photons is assumed to tie> W/cn?., ison with HSLs in the presence of line-edge roughness.

Line-edge roughness effects play an important role in
graphene narrow structures. The effect of line-edge roesghn ) ) ) )
on the electronic properties of GNRs has been investigated This work has been supported in parts by the Austrian Sci-
in several analytical [11] and numerical [12] studies. Here €nce Fund FWF through grant F2514, and the European Com-
we investigate the role of roughness on the spectrum ofunitys Seventh Framework Programme, grant FP7-263306.
photocurrent in GNR-based superlattices using statisdital-

To assess the performance of superlatice structures f
photodetection applications, the quantum efficiency anal ph
toresponsivity of the presented structures are evaludtbd.
quantum efficiency is defined as = (I,,/q)/(Pop/hw),
wherel,;, andP,, are the photocurrent and the incident optical
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