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a  b  s  t  r  a  c  t

Benefiting  from  the  atomically  thin  body  thickness  of  two-dimensional  (2D)  materials,  field-effect
transistors  with  2D  semiconductor  as  active  channel  enables  enhanced  electrostatic  gate  coupling  for
next-generation  nanoelectronics.  On  the  other  hand,  due  to  the  atomic  thin  body  and  delicate  lattice  of
2D material,  high-quality  interfaces  are  essential  to  preserve  the  superior  performance  of the  transistors,
which  is  recognized  as  a key  challenge  within  dangling-bond  free  2D  surface.  Herein,  we  review  and
highlight  recent  state-of-the-art  advances  on  interface  engineering  of  high-performance  2D  materials
eywords:
D materials
ield effect transistors
ontact
ielectric
urface charge transfer

transistors,  including  contact  engineering,  dielectric  engineering,  surface  charge  transfer  doping  engi-
neering,  and  intercalation  engineering,  and  outlook  the  opportunities  and  challenges  for  developing  2D
materials  for  low-power,  high-performance  microelectronics.
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1 Introduction

Silicon (Si) based semiconductor technology has presented a
dramatic exponential growth and been widely applied in our daily
life. By scaling down the characteristic node of transistors, the
number of transistors integrated (on single chip) is exponentially

increased and the operation speed becomes ever faster. So far,
a modern microprocessor and a typical memory contain more
than 10 billion transistors, with gate lengths down to 10 nm and
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ig. 1. (a) Schematic illustration of bulk materials and 2D materials. Reprinted fro
ypical 2D materials as a function of body thickness. (c) on/off ratios versus typical 

ost under 10−9 dollar [1–4]. The continuous miniaturization of
eld-effect transistors (FETs) promotes the progress of electrical
equirement, which is governed by Moore’s law [5,6]. Although
ontinuous scaling down can provide performance improvement
ith the channel length (Lch) down to sub-10 nm right now, short-

hannel effect (e.g. large off-state leakage current, high power
onsumption) dominants the carriers transportation in the chan-
el and the device fabrication processes encounter technological
roblems (e.g. parasitic, strains, and lithography limitations) with
urther aggressive scaling [7–9]. As a consequence, International
echnology Roadmap for Semiconductors (ITRS) suggests the More
han Moore strategy: instead of aggressively scaling silicon elec-
ronics, continuous performance improvement is expected to be
etained by the incorporation of newly discovered materials, and/or
he application of new transistor concepts [10,11]. Therefore, it
s highly desired to discover new semiconductor materials which
ould go beyond the limits of traditional Si electronics to meet the
emand of the future nanoelectronics market. In 2004, graphene,
s the first discovered two-dimensional (2D) material, opened up a
ew field of 2D FETs with its unique electrical, optical, mechan-

cal, and thermal properties [12,13]. Since then, a variety of 2D
aterials such as transition metal dichalcogenides (TMDs) [14–16],

lack phosphorus (BP) [17] and hexagonal boron nitride (hBN)
18] have been extensively investigated for their intrinsic proper-
ies. Such materials are built up by out-plane van der Waals force
nd can be mechanically exfoliated into a monolayer with typical
hickness below 1 nm.  Compared with traditional bulk materials,
D materials are atomically thin and have a naturally uniform
nd dangling-bond free surface (Fig. 1a), indicating the capacity of
ggressively scaling for the next generation transistors [3,19–21].
n addition, Si shows a substantial degradation of carrier mobility
ith decreasing body thickness below 10 nm,  presenting a critical
caling limitation to ultra-thin body thickness for the sub-10 nm
r sub-5 nm channel FETs [22]. In contrast, 2D materials, such as
. [17] with permission by Springer Nature. (b) The field effect mobilities of Si and
ity values for 2D materials.

graphene [23], molybdenum disulfide (MoS2) [24], and BP [25],
exhibit a negligible change in this regime and promise relative
high values, demonstrating the potential for next generation high
performance and low power nanoelectronics (Fig. 1b).

To further understand the electrical feature of 2D materials, the
mobility and on/off ratios of representative 2D materials are shown
in Fig. 1c. Graphene exhibits excellent conductivity and ultra-high
mobility of up to 220, 000 cm2 V−1 s−1 at room temperature,
which is one of primary motivations for its applications nano-
electronics [12,26–31]. However, due to the lack of bandgap, the
ultra-small on/off ratio (typically below 10) greatly limits its appli-
cation for logic transistors [32–35]. Although some approaches
have been developed to open a bandgap in graphene, such as
graphene nanoribbon [36], graphene nanomesh [37], dual-gated
bilayer graphene [38] and hydrogenation graphene [39], they all
involve mobility degradation and/or poor stability issues. In con-
trast, TMDs typically have appropriate band gaps 1̃–2 eV, exhibiting
a high on/off ratio exceeding 108, and can be assembled into a low
power consumption transistor. However, the field-effect mobility
at room temperature is typically below 100 cm2 V−1 s−1, greatly
limiting its practical application for high performance transistors
[14,40–46]. Therefore, the research focus is shifted to other high
mobility and sizeable bandgap 2D materials, including BP. As an
ambipolar semiconductor with suitable bandgap and relatively
high mobility (1̃000 cm2 V−1 s−1) [17,25,47–57], BP has a tun-
able polarity providing the opportunity to build complementary
circuits, which is essential for practical application of logic func-
tions. For any newly discovered 2D materials, their electronics
performance, device fabrication process, and performance poten-
tial are major research topics. Owing to the naturally atomic body
thickness, the performance of 2D devices is mainly controlled and

determined by their interface properties [58,59], therefore, inter-
face engineering plays an important role for device fabrication,
including (a): 2D/metal interface, (b): 2D/dielectric interface, (c):
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ig. 2. Schematic illustration of the four interfaces in a 2D material based FET, inclu
nterface, which are highlighted by the braces.

D/adsorbate interface, and (d): 2D/2D interface, as displayed in
ig. 2. By optimizing the quality of interfaces, excellent intrinsic
roperties of 2D materials can be largely retained.

In this Review article, we focus on the interface of 2D tran-
istors. We  start from the contact barrier modulation at the 2D
emiconductor/metal interface and classify several strategies of
ontact engineering strategies. Second, the dielectric engineering is
iscussed by providing various methods to improve the quality of
D material/dielectric interface. Subsequently, a brief overview of
oping at the 2D/adsorbate interface will be introduced, with a par-
icular focus on the impact on electrical properties of 2D transistors.
inally, the homogenous interface of 2D transistors is discussed.
y intercalation engineering, the changed 2D/2D interface brings

ntriguing effects on electronic properties without material dam-
ge.

 Interface engineering

.1 Contact engineering (2D/metal interface)

A typical transistor is composed of channel region and con-
act region. The total resistance (Rtot) of transistors comprises of
hannel resistance (Rch) and contact resistance (Rc). As the chan-
el length scaling down to sub-100 nm or even sub-10 nm regimes,
he channel resistance quickly reduces and the contact issues are
on-negligible. The contact barrier dominates the transistor per-

ormance, so it is essential to optimize the quality of the contact
nterface for high-performance FETs. In the following section, we

ainly focus on the various approaches that have been employed
o contact optimization of 2D FETs, discussing its merits and chal-
enges.

.1.1 Contact barrier
Typically, the contact barrier is mainly caused by the work func-

ion mismatch, which degrades the carrier injection efficiency from
ontact electrodes into the channel. The commonly-used contact
arrier model is called Schottky barrier. The ideal Schottky bar-
ier follows the Schottky-Mott rule [60,61], that is, the barrier
eight (�n) of given metal-semiconductor junction is the difference
etween metal work function (�m) and semiconductor electron
ffinity (�):

n = ϕm–� (1)

Corresponding p-type Schottky barrier (�p) follows the equa-
ion

p = Eg–(ϕm–�) (2)

here Eg represents the bandgap of semiconductor. However, due

o the existence of pinning effect at 2D/metal interface, the semi-
onductor/metal contact in practical applications rarely follows the
chottky-Mott rule. Instead, the Schottky barrier height is a com-
ined effect of the Schottky-Mott rule and Fermi pinning effect. The
the 2D/metal interface, 2D/ dielectric interface, 2D/adsorbate interface, and 2D/2D

metal Fermi level is pinned at the semiconductor interface state
energy (�I) which does not coincide with the actual metal work
function, as noted first by Bardeen [62,63]. The Schottky barrier
equations are slightly corrected as

ϕn = (S × ϕm–�) + (1 − S)ϕI (3)

S = ∂ϕn/∂ϕm (4)

where S is the Schottky pinning factor. If S = 0, strong pinning effect
dominate the junction properties and the Schottky barrier height
is independent of the metal work function. If S = 1, the Schottky-
Mott rule governs the barrier height and the barrier value can be
well-controlled.

2.1.2 Traditional contact
Traditional contact in transistors always employs the metal

deposition process that the metal is directly evaporated onto the
contact region of 2D materials, resulting in non-van der Waals junc-
tion interface [64]. Thus, traditional contact enhancement is usually
based on non-van der Waals junction interface.

As aforementioned, Schottky barrier is mainly determined by
metal work function and semiconductor electron affinity gov-
erned by Schottky-Mott rule. By using suitable work function metal
matching band edge (conduction band for n-type and valance band
for p-type), the contact barrier as well as the contact resistance can
be efficiently reduced and the electrical performance can be mod-
ulated. As shown in the inset of Fig. 3a, BP transistors with different
metal contacts are fabricated [65]. Due to the tunable Fermi level
of BP by gate electrical field, the Rc actually depends on the applied
gate voltage, as shown in Fig. 3a. At low gate bias, the decrement of
Rc results from the increase of carrier density in BP under the metal
contacts. The high carrier density induced by the negative gate volt-
age enhances the carrier concentration in BP, leading to a narrower
Schottky barrier width. Meanwhile, the narrowed Schottky barrier
will facilitate the carrier injection from the metal into the valence
band of BP, which leads to low contact resistance [66]. The Rc of
Pd contacted device is 1.75 ± 0.06 � · mm at Vbg = −40 V, which is
much smaller than the Ni contact resistance of 3.15 ± 0.15 �·  mm
at the same back gate voltage. This reduced contact resistance is
mainly attributed to the different work function of the contact met-
als. Briefly, Pd contact with a work function of 5.4 eV will promise
narrower Schottky barrier width in the contact region than that
of Ni (with work function of 5.0 eV), thus the transistors exhibit
better performance in term of on-state current and extrinsic mobil-
ity [65]. Fig. 3b shows the Rtot of Pt contacted BP transistor with
different Lch [67]. The contact resistance is extracted by the trans-
fer length method (TLM) [33,42,66]. Different channel lengths are
designed on the 2D material flake, and their Rtot of different channel

lengths devices is extracted from Rtot = Vd/Id. The total resistance
includes both Rch and Rc. The detailed equation is Rtot = Rch+2Rc.
When channel length scales down to 0, Rch is 0 and Rtot = 2Rc. Thus,
the measured device resistance (Rtot) versus channel length is plot-
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Fig. 3. (a) Contact resistance for both Ni and Pd contact metals at various gate biases. The inset is schematic view of device configuration. Metal contacts with various channel
lengths from 3 �m down to 100 nm for both Ni/Au and Pd/Au are evaporated onto the same BP flake. Reprinted from Ref. [65] with permission by American Chemical Society.
(b)  Total resistance of BP FET with Pt electrodes as a function of channel length. Reprinted from Ref [67]. with permission by American Chemical Society. (c) Various Schottky
barrier heights of MoS2 FETs as a function of metal work function. Reprinted from Ref. [68] with permission by American Chemical Society. (d) Contact resistance for both
WS2 and MoS2 with various channel lengths. Reprinted from Ref. [41] with permission by American Chemical Society. (e) Contact resistance of 1 T electrode MoS2 FETs. The
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nset  shows the percentage decrease in contact resistance with gate bias. Device sch
easured specific contact resistivity �c as a function of Ta2O5 dielectric thickness. T

rom  Ref. [76] with permission by American Chemical Society.

ed, and the intercept determines 2Rc. Through studying transistor
ehaviors with various channel lengths, the contact resistance is
xtracted to be a record low value of 0.58 ± 0.17 k�· �m,  enabling a
uperior on-state channel current above 940 �A/�m.  Additionally,

 thorough comparison of contacts to MoS2 using various metals,
uch as Sc, Ti, Ni, and Pt, is presented in Fig. 3c, with the metal work
unction ranging from 3.5 eV to 5.9 eV [68]. The Schottky barrier
hows an obvious linear-dependent behavior as a function of metal
ork function. By Eq. (4), the extracted slope is 0̃.1, which is far

ess than unity and shows a strong pinning effect at the MoS2/metal
nterface. Hence, although the metal work function plays an impor-
ant role in contact barrier, the pinning effect hinders the ideal
cheme [68]. In addition, the high work function metals mostly are
oble metals, while the low work function metal is easily oxidized
nd unstable [69,70], which increases the cost and further limits
he benefit of metal work function modulation.

Hence, the research focus shifts from metal work function to
he 2D material property modulation by doping the semiconduc-
or. L. Yang et al. [41] report a novel chloride molecular doping

ethod on 2D TMDs (Fig. 3d). The exfoliated MoS2 or WS2 flakes
re soaked in undiluted 1,2 dichloroethane (DCE) at room tempera-
ure for more than 12 h. After doping, the contact resistance of MoS2
nd WS2 are reduced to 0.5 k�·  �m and 0.7 k�· �m,  respectively.
he n-type doping significantly reduces the Schottky barrier width,
hus, the electron can be efficiently injected through the barrier into
ctive channel, resulting in low contact resistance. Besides, dopant
iffusion and ion-implantation approaches are also employed to

mprove the contact resistance [71]. However, these methods typ-

cally involve involuntary reliability and long-term stability issues
f the fabricated devices or introduce defects in the 2D channel
hrough the fabrication processes, limiting further development of
D materials for integrated circuits.
cs are also shown. Reprinted from Ref. [72] with permission by Springer Nature. (f)
et is side view schematic of MoS2 transistors with Ta2O5 tunneling layer. Reprinted

Based on phase engineering, R. Kappera et al. [72] fabricate low
contact resistance MoS2 FETs with organolithium chemical method,
by which the semiconducting 2H phase MoS2 is convert to the
metallic 1 T phase in the contact region (Fig. 3e). The insets of Fig. 3e
are the percentage decrease in contact resistance with gate bias and
device schematics. By locally patterning the metallic 1 T phase on
2H phase MoS2 nanosheets as contact region, the contact resis-
tance is reduced from 1.1 k�· �m to 0.24 k�· �m at zero gate bias,
leading to on-state currents of 85 �A/�m,  high mobility values of
5̃0 cm2 V−1 s−1, subthreshold swing (SS) values of 95 mV/dec, and
on/off ratios above 107. However, the 1 T phase is metastable, with
relaxation energy of 0̃.1 eV for conversion to the thermodynami-
cally stable 2H phase [73–75], so the long-term stability remains to
be further investigated under high-performance device operation.

Unlike the previously reported methods for lowering the con-
tact resistance that rely on volatile chemistry approaches, an
air-stable method with Ta2O5 as the tunneling layer to form a
metal-insulator-semiconductor contact is adopted for lowering the
contact resistance [76], as shown in Fig. 3f. This improvement is
attributed to the attenuation of metal induced gap states and such
MIS  contacts approaches have been shown to reduce the Schot-
tky barrier height of Si [77], Ge [78], and III-V materials [79,80]. In
Fig. 3f, the inset is the side view schematic of the device structure.
Various thicknesses of Ta2O5, ranging from 0 to 5 nm, are deposited
by atomic layer deposition (ALD) technique and the specific con-
tact resistivity (�c) is extracted through TLM method. The contact
resistivity shows a sharp degradation with the insertion thickness
increasing, whereas �c increases again as the Ta2O5 thickness over

1.5 nm.  Within metal-insulator-semiconductor contact, the contact
resistance is modeled as two parts: the resistance due to the Schot-
tky barrier (RSB) and the resistance due to tunneling through the
insulator (RT). As the Ta2O5 thickness is less than 1.5 nm, the RSB
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Fig. 4. (a) Cross-sectional STEM image of the fabricated device. The false-colour image shows the ultra-sharp interfaces between different layers (graphene, 5 L; MoS2,
3  L; top hBN, 8 nm;  bottom hBN, 19 nm). Reprinted from Ref. [85] with permission by Springer Nature. (b) Cross-sectional TEM image of the graphene-MoS2 interface. (c)
Field  effect mobility of the device shown in the inset as a function of temperature, with the highest mobility over 1300 cm2 V−1 s−1. The inset is schematic illustration of a
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ET with hBN tunneling layer contacts. (e) Cross-sectional HRTEM image of the int
ifferent back gate bias when thickness of hBN are 1–2 layers. Reprinted from Ref. 

ominates the total contact resistance. The inserted thin insulator
ffectively lowers RSB with a small added RT, reducing the overall
esistance. Once the insulator thickness is beyond 1.5 nm,  RT begins
o dominate the total resistance, resulting in higher overall contact
esistance. This work presents a feasible approach for lowering the
ontact resistance by introducing a tunneling layer between metal
nd 2D channel. Other insulators, such as TiO2 [81,82] and MgO
83], also have been utilized as a tunneling layer to reduce the con-
act resistance. However, due to the dangling-bond free surface of
D materials, quality and thickness control of the insulator tunnel-

ng layer should be improved to enhance the reproducibility and
eliability of the fabrication processes.

.1.3 Van der Waals contact
In the traditional metallization processes, the fabrication of

etal electrodes typically relies on chemical deposition or physical
eposition directly on 2D material surface with high-energy pro-
esses. These approaches are responsible for the damage, strongly
ocal heating and interface disorder with the contact region [84].
hus, there are many defects, diffusion, bonds and strain at the
raditional 2D/metal interface (Fig. 5a and b), resulting in the Fermi
evel pinning. On the other hand, van der Waals contact uses the van
er Waals heterogeneous integration technique that the contact
aterial is indirectly fabricated onto 2D semiconductor without

irect chemical bonding, avoiding the damage of the evaporation
rocess and the diffusion at the contact interface [64].

An earlier strategy of van der Waals contact strategy is insert-
ng 2D materials, such as graphene [85–91] and hBN [42,92,93],
s the buffer layer to assemble a van der Waals contact in Fig. 4.
he buffer layer is pre-fabricated and physically laminated onto 2D

emiconductors to minimizing the damage during the high-energy
etal evaporation. The application of graphene as the buffer layer

as reduced the contact resistance between the metal and MoS2.
fter inserting graphene into the MoS2/metal interlayer, the strong
 Ref. [86] with permission by American Chemical Society. (d) Schematics of a MoS2

 between MoS2 and hBN. The scale bar is 5 nm.  (f) The Schottky barrier heights for
ith permission by John Wiley and Sons.

chemical bonds between metal and MoS2 is minimized and the
generation of metal induced gap states is suppressed [94,95]. Fur-
thermore, the Fermi level of graphene can be readily tuned by gate
voltage to enable a perfect band alignment with MoS2 for a finite
density of states [68,96]. Meanwhile, graphene belongs to 2D mate-
rials that are atomically thin and dangling-bond free, resulting in
an atomically flat interface. Fig. 4a shows a high resolution scan-
ning transmission electron microscopy (STEM) image of the contact
region [85]. The graphene overlaps the MoS2 and extends to the
edge, where it is in turn contacted by metal electrodes. The entire
device is fully encapsulated and protected by hBN. Fig. 4a confirms
that the interface is ultraclean and atomically flat without any dam-
age on MoS2. However, in such top contact (graphene on top of
MoS2) geometry, the underlaying MoS2 could partially screen the
gate electrical field [97], resulting in insufficient tuning of graphene
Fermi level and undesired band-alignment. This challenge could be
overcome through co-planer contact geometry by using graphene
as the back electrodes, as shown in Fig. 4b and c [86]. The inset in
Fig. 4c is the schematic of device structure. The entire device is also
fully encapsulated and protected by hBN. Fig. 4b is a cross-sectional
TEM image of the junction, indicating that the van der Waals con-
tact provides a high quality interface to minimize the damage of
MoS2, reduces interface charge trapping states, and prevents Fermi
level pinning. The graphene contact forms a barrier-free contact
to MoS2 and shows two terminal mobility of 1300 cm2 V−1 s−1 at
1.9 K. However, because graphene is a semi-metal, the fabricating
technology will be quite complex to avoid short out. Thus, hBN
tunneling layer is used to reduce the Schottky barrier.

Benefiting from the atomic thickness of 1–2 layers hBN, the
Schottky barrier can be greatly reduced with small tunneling resis-

tance (Fig. 4d). The cross-sectional TEM image of hBN/MoS2 contact
is presented in Fig. 4e, demonstrating a uniform interface. Compar-
ing with Fig. 3f, the insulator layer is natural uniform and atomically
thin to minimize the series tunneling resistance [42]. At the same
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Fig. 5. (a–b) Cross-sectional schematics and TEM images of the transferred metal electrode on top of MoS2. (c) Optical image of the MoS2 device with transferred electrodes
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upper)  and with the transferred electrodes mechanically released (lower). (d–e) Cr
op  of MoS2. (f) Optical image of the MoS2 device with deposited electrodes (upper)
ith  permission by Springer Nature.

ime, the insertion of hBN separates metal from MoS2 to protect
he underlying MoS2 and form a van der Waals contact. Owing
o the improved tunneling contact, the transistor shows a small
chottky barrier of 31 meV, a high FET mobility of 73 cm2 V−1 s−1,
nd output current of 330 �A/�m at room temperature, which can
ncrease to 321.4 cm2 V−1 s−1 and 572 �A/�m, respectively at 77 K.
imilarly, Avsar et al. [98] apply Co/hBN contact to BP transistor,
hich exhibits low contact resistances (∼4.5 k�) and high elec-

ron mobilities (4200 cm2 V−1 s−1), indicating that hBN contact can
e expanded to other 2D materials. Importantly, this van der Waals
pproach is compatible with the traditional fabrication process and
he large-area chemical vapor deposition (CVD) grown technique,
hich would be important for the large scale integration.

To further research the ideal 2D/metal interface, metal elec-
rodes are first prepared on a silicon substrate and physically
ransferred on top of MoS2 flakes [99–102], exhibiting a represen-
ative van der Waals contact where the Schottky barrier approaches
he Schottky-Mott limit [64,103]. The transferred MoS2/metal
nterface presents an atomically sharp interface, which can be
learly seen in cross-sectional transmission electron microscopy
TEM) images (Fig. 5d and e). In contrast, the deposited MoS2/metal
nterfaces show considerable defects, strain, disorder and metal dif-
usion during the transistor fabrication process (Fig. 5a and b). To
emonstrate that the transferred integration approach preserves
he pristine nature of the underlying material, the metal electrodes
re mechanically peeled from MoS2 after the device measurement.
he MoS2 under transferred metal electrodes shows a clean sur-
ace without any apparent damage (Fig. 5f), whereas the MoS2
nder deposited metal electrodes is destroyed by strong chemi-

al bonding at the contact interface (Fig. 5c). The surface structure
f MoS2 is largely preserved during the transfer process. Addition-
lly, the Schottky barrier heights of various metals are extracted
s a function of the corresponding work functions. For deposited
ctional schematics and TEM images of conventional deposited metal electrodes on
ith the deposited electrodes mechanical released (lower). Reprinted from Ref. [64]

metal electrodes, the extracted S is 0.09, consistent with Fig. 3c
with S 0̃.1, indicating strong pinning effect. In contrast, the fitted S
of the transferred metal electrodes is 0.96, approaching the limit of
the Schottky-Mott rule, confirming the Schottky barrier is strongly
dependent on the metal work function.

2.2 Dielectric engineering (2D/dielectric interface)

Although 2D materials exhibit excellent electrical properties,
the experimental values differ from the theoretical values. The pos-
sible reasons for the discrepancy between the experimental data
and the theoretical prediction are the serious extrinsic scattering
of carriers, including the Coulomb impurities, traps at the inter-
face, defects, and remote surface optical phonons [85,104,105].
These extrinsic sources of scattering are mainly attributed to the
2D/dielectric interface and lead to low quality devices with low
mobility. Hence, dielectric engineering is crucial for integrated cir-
cuit technology. Two types of 2D/dielectric interfaces are generally
encountered in 2D transistor. First one is the substrate interfaces,
where 2D materials stack on top of the back-gate dielectric through
weak van der Waals force. Another one is top gate interfaces, which
needs to fabricate uniform dielectric onto the 2D materials surface
to achieve the capability to individually tune each device with a top
gate.

2.2.1 Substrate engineering
SiO2 have been widely used as the gate dielectric layer for fab-

ricating 2D materials transistors, however, due to the Coulomb
impurities, traps, defects, and remote surface optical phonons, the

performance of fabricated transistors is not competitive with theo-
retical prediction [105]. Mobility of 150 cm2 V−1 s-1 is obtained by
transferring MoS2 flake directly onto the pre-fabricated HfO2 sub-
strate, in which the scattering originated from the 2D/dielectric
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Fig. 6. (a) The 3D AFM image of HfO2 deposited directly on MoS2 by ALD technique forms an island structure. (b) The cross-section TEM image of (a). Reprinted from Ref.
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110] with permission by American Chemical Society. (c) The AFM image of ALD H
ermission by John Wiley and Sons.

nterface is largely suppressed [106]. T. Li et al. [51] improve
P device performance by using the same way. Due to the low
rap density and the effective screening of impurity scattering of
fO2/BP interface, the mobility of BP transistor with HfO2 as dielec-

ric layer obtained a high mobility of 200 cm2 V-1 s-1, which is nearly
 100% enhancement when compared with the device with SiO2
s dielectric layer. And the temperature-dependent Dirac point
hift is also lower than that on SiO2 dielectric substrate, indicat-
ng the improvement of 2D/dielectric interface. Besides, due to the
igh dielectrics constant, high-k dielectrics have thinner equivalent
xide thickness leading to enhanced electrostatic gate potential
hat modulates the channel materials [51]. Meanwhile, hBN [85,86],
s an atomically smooth material, also can minimize the scattering
nd forms a sharp interface to optimize the transistor performance.

Except for conventional high-k dielectric, the novel ferroelectric
fZrO2 [107] as a high-k insulator is also applied to minimize the SS
f the MoS2 transistors. The SS is obviously lower than 60 mV/dec
ith the ferroelectric dielectric acting as a negative capacitor. The
evice exhibits essentially hysteresis-free switching characteris-
ics with a maximum drain current of 510 �A/�m,  indicating a high
uality interface. Similarly, X. Liu et al. [108] pull down the SS value
f MoS2 FETs to 42.5 mV/dec by introducing a layer of ferroelec-
ric poly (vinylidene fluoride-co-trifluoroethylene) (P(VDF-TrFE))
n the gate dielectric stack. The negative capacitance effect of
erroelectrics can effectively break the Boltzmann limitation of
S ≥ 60 mV/dec.

.2.2 Top gate dielectric interface engineering
To realize integration in 2D FET circuit for practical application

nd permit further device scaling, top-gated 2D FETs with high-
 dielectric are indispensable. Although uniform high-k dielectric
lms can be deposited through ALD in the thickness of sub-
0 nm,  compact and conformal top-gated dielectric deposition
irectly onto the 2D materials still remains challenging for the
angling-bond free surface. As a result, ALD on pristine 2D mate-
ials often leads to the dielectric growth only on the surface with
raps and impurities, and the island growth are typically observed
45,109,110]. Fig. 6a–c shows the Atomic Force Microscope (AFM)
mages and a cross-sectional TEM image of the ALD HfO2 on the

oS2 surface [45,110]. The inset of Fig. 6c is the original MoS2
heet optical microscope image. It is clear to see that the ALD film
s non-uniform and very rough. The AFM images exhibit the forma-
ion of pinhole-like defects and the resulted film is not continuous

nd compact. Therefore, one primary task for high performance
op-gated 2D transistor is to discover a high quality dielectric fab-
ication strategy. To keep the dielectric film conformal, two  ideas
re suggested. First, similar to van der Waals contact, the dielectric
n pristine MoS2. The inset is optical image of MoS2. Reprinted from Ref. [45] with

is pre-prepared and directly transferred onto 2D materials. Second,
some dangling-bonds and functional groups are intentionally cre-
ated on the 2D materials surface to act as the nucleation layer of
ALD growth.

Transfer method is a van der Waals approach. The dielectric can
be individually prepared and directly transferred onto the 2D mate-
rials, which perfectly overcomes the challenge of the ALD growth
on 2D materials surface. In 2010, L. Liao et al. [31] first use free-
standing Al2O3 nanoribbons to assemble a high performance top
gate graphene FET (Fig. 7a). High quality Al2O3 nanoribbons are
synthesized through physical vapor approach with high crystalline
structure, as shown in Fig. 7b. The cross-sectional TEM image shows
that the graphene layer is intimately integrated with the crystalline
Al2O3 nanoribbon without any appreciable gap and impurities, sug-
gesting that the physical assembly method can effectively integrate
Al2O3 nanoribbon with graphene without introducing any obvi-
ous defects into the graphene surface, and thus can effectively
preserve the high carrier mobility in the resulting devices [31].
By further evaluating the top-gated devices versus standard back-
gated devices, the transfer characteristics of top-gated devices are
similar to that of back-gated device (Fig. 7c and Inset). The maxi-
mum transconductance (gm) of the top-gated device is about 290
�S, with an enhancement factor about 15 in contrast with the cor-
responding back-gated configuration (1̃9.5 �S). The corresponding
mobility of the top-gated device can reach up to 23,600 cm2 V−1

s−1, which is consistent with the back-gated device. Using the Al2O3
nanoribbons as the gate dielectrics, the top-gated graphene tran-
sistors have been fabricated to exhibit superior performance with
the highest carrier mobility observed in top-gated device to date.
This method opens a unique avenue to integrate high-k dielectrics
on graphene with the preservation of high carrier mobility.

The same year, based on the above paper, high-speed graphene
transistors with a self-aligned nanowire gate is reported [111].
Instead of Al2O3 nanoribbons, a Co2Si-Al2O3 core-shell nanowire
is aligned on top of graphene flakes (Fig. 7d and e). The Co2Si
nanowires are synthesized by a CVD approach and the resistance of
them is low enough to act as gate electrodes [112]. The 5 nm Al2O3
dielectric fully encapsulates the Co2Si nanowire by ALD, which is
uniform and conformal to avoid electric leakage. To reduce gate-
source and gate-drain capacitance, self-aligned structure is formed
by utilizing the height difference between the nanowire gate and
the semiconductor channel [111]. Through using the nanowires
(diameter 1̃00–300 nm)  as a mask, the source and drain are well

separated and precisely aligned next to the top gate after deposit-
ing a 10 nm Pt film. Graphene transistors with a channel length as
low as 140 nm is formed and the gate control is enhanced, resulting
in the performance improvement of the graphene top gate transis-
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Fig. 7. (a) Schematic illustration of graphene transistors using dielectric oxide nanoribbons as top gate dielectric. (b) A cross-section HRTEM image of the interface between
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l2O3 nanoribbon and a trilayer graphene. (c) Transfer characteristics for the devic
cademy of Sciences. (d–e) Schematic illustration of a high-speed graphene trans
mall-signal current gain |h21| as a function of frequency f. Gate length of the graphe
rom  Ref. [111] with permission by Springer Nature.

or with the scaled on-current of 3.32 mA  �m−1 and scaled gm of
.27 mS  �m−1. Meanwhile, as a radio frequency device, the high
uality top gate graphene transistor exhibits a unprecedented cut-
ff frequency reach up to 300 GHz, which can catch up with the
erformance of InP and GaAs with similar channel length, indi-
ating the potential of graphene in high speed electronics [113].

ith this nearly perfect van der Waals approach, R. Cheng et al.
114] optimize the performance up to 427 GHz. Instead of using a
anowire, the gate stacks (Al2O3/Ti/Au) are built by processing con-
entional lithography, deposition, and etching steps on a sacrificial
ubstrate. Then the top stacks are transferred onto graphene and as

 mask to pattern the drain and source. These damage-free assem-
le process and self-aligned method enable the graphene transistor
ith unprecedented performance. The transferred method creates

ots of milestone transistor performance, but there is a fatal flaw
hat the limitation of large scale assembly remains to be solved.

To achieve the large scale integration of top gate transistors,
t is crucial to find a convenient method to overcome the chal-
enge of ALD on pristine 2D materials. Since there is no sufficient
angling bond or nucleation site on 2D materials for the initiation
f uniform dielectric deposition, the direct strategy is providing
angling-bonds and functional groups. X. Zou et al. [45] give an

nitial scheme by inserting an ultrathin metal oxide buffer layer
s nucleation sites to improve the coverage of high-quality ALD
ielectrics on MoS2 channels (Fig. 8a). About 1 nm Y nanoparti-
les are evaporated on the surface of 2D materials and naturally
xidized in a drying oven. The MoS2/Y2O3/HfO2 stack presents min-
mized pinholes and a compact surface as shown in the inset of
ig. 8b. The fabricated device exhibits a high carrier mobility of
3.7 cm2 V−1 s-1 and a large on/off ratio exceeding 108. By further
caling down the HfO2 dielectric to 9 nm,  a near-ideal sub-threshold

lope (65 mV/dec) is achieved in Fig. 8b, indicating the excellent
nterface quality and scalability.

However, the metal oxide buffer layer introduces an extra thick-
ess, which will reduce the capacitance of the top gate dielectric
g top and back gate (Inset). Reprinted from Ref. [31] with permission by National
ith a Co2Si–Al2O3 core–shell nanowire as the self-aligned top-gate. (f) Measured

vice is 144 nm.  The inset shows the extraction of fT by Gummel’s method. Reprinted

and goes against with the purpose of the application of high-k
dielectric. Hence, it is important to develop a method for direct
deposition of high-k dielectric without buffer layer. J. Wang et al.
[43] employ a UV-O treatment to functionalize the MoS2 surface
and scale the gate dielectric down to 6 nm,  fabricating the thinnest
gate dielectric for MoS2 transistors (Fig. 8c and d). The rapid 30 s
treatment and the N2 protective gas protect the 2D material from
too much oxidation and mobility decline. The traps and the lattice
damage induced by UV-O plays an important role in the uniform
deposition of HfO2 without extra thickness added to degrade the
capacitance. By controlling the treatment time, the damage of chan-
nel materials and the degradation of channel performance can be
controlled in a small range. The fabricated device confirms the high
quality of the 2D/dielectric interface, showing a mobility of 46 cm2

V−1 s−1 and a significant drain current density of 612 �A/�m.
As mentioned above, the damage of semiconductors and the

reduction of performance are small, but the degradation still exits.
To avoid such degradation, CVD hBN [46,115] is used as a ultra-
thin buffer layer (Fig. 8e and f). The hBN can be largely prepared
and the defects on the surface can be controlled by the CVD pro-
cess to act as dangling-bonds for the uniform ALD process. The
cover process of hBN is a van der Waals approach which is widely
employed in the non-damage interface. In the cross-sectional TEM
image (Fig. 8f), a perfect lattice structure and an uniform interface
are exhibited. In the above sections, it is mentioned that hBN is
atomically thin and can effectively minimize the traps, the defects
and the external scattering. So the insertion of hBN can further
enhance the quality of the interface and optimize the performance
of the transistor in every aspect. The obtained transistors show
both obvious mobility enhancement and superior gate control. The
top gate MoS2 transistor exhibits a mobility of 88 cm2 V−1 s−1
and an excellent sub-threshold slope (78 mV/dec). In addition, the
top-gated graphene transistor with the same h-BN/HfO2 dielectric
engineering scheme also yields a mobility of 7400 cm2 V−1 s−1 and
a maximum output current density of 2.9 mA  �m−1. The excellent
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Fig. 8. (a) Structural schematic of few layer MoS2 covered with the metal oxide buffer layer and HfO2 film. (b) Transfer characteristics of 3 �m MoS2 transistors. Reprinted
from  Ref. [45] with permission by John Wiley and Sons. (c–d) The assembly process of top gate devices with UV-O treatment. Reprinted from Ref [43]. with permission by John
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iley and Sons. (e) Illustrative schematic and SEM image of a top-gated MoS2 FET w
oS2 employed for the device fabrication. All the scale bars are 5 �m.  (f) Cross-sec

BN.  Scale bar is 5 nm.  Reprinted from Ref. [46] with permission by John Wiley and

xperimental data demonstrates the high quality of the fabricating
evice.

.3 Surface doping engineering (2D/adsorbate interface)

For various application especially complementary device oper-
tions, it is necessary to tune the electronic properties of 2D
aterials through surface doping. Several doping methods have

een utilized for their utility in achieving bipolar carrier conduction
n 2D materials. The doping methods are classified into chemical

ethod and physical method by dopants. The chemical method
s simply controllable but instable, while the physical method is
ffective but induces extra traps.

.3.1 Chemical method
Chemical method is a way to use a certain chemical reagent to

pin or dip on top of the channel surface, which is simply controlled.
n Fig. 9a, W.  Yu et al. [116] have tested the surface chemical doping
ffect on the band gap opening and the vertical displacement field
f the bilayer graphene FET doped by using benzyl viologen (BV)
olecules. Chemical doping in bilayer graphene modulates an addi-

ional offset voltage and the band gap opening in bilayer graphene.
he on/off ratio in the bilayer graphene transistors is increased and
irac points are tuned, which can be readily configured into func-

ional devices, such as complementary inverters. Another dopant,
uCl3 [117], is used in MoS2 FETs in Fig. 9b. The pristine MoS2 device
isplays a typical n-type behavior, which is consistent with previ-
us reports in Fig. 9c. After AuCl3 doping, a high performance p-type
oS2 FET is obtained with on/off ratio exceeding 107 for the Fermi

evel shift induced by hole carriers. The inset is the optical image
f the MoS2 device. Through introducing a graphene buffer layer,
he room temperature hole mobility can reach up to 72 cm2 V−1 s-1

nd a low contact resistance of 2.3 k�· �m.  The significant doping
esult shows a great potential in the practical application.

.3.2 Physical method
D. Sarkar et al. [118] investigate the doping effect in 2D mate-
ials caused by nanoparticles (NPs) of different noble metals (Au,
g, Pd, Pt) and low work function metals (Sc and Y) (Fig. 9d). It

s observed that most doping exhibits p-type doping except Y. Pt
Ps lead to the highest doping that the threshold voltage shift can
he hBN/HfO2 dielectric stack. The upper inset shows the optical image of few-layer
 HRTEM image of a SiO2/MoS2/hBN/HfO2 stack with 16 nm thick ALD HfO2 on CVD

reach up to 137 V for the highest work function. And the transfer
characteristics of the MoS2 can be gradually shifted by increasing
the dose of NPs. Similarly, the Cu NPs is deposited on BP resulting
in a n-type doping (Fig. 9e and f). The Cu doped BP [119] shows a
positive threshold voltage shift and an increased electron mobility
of 380 cm2 V−1 s-1 at room temperature in Fig. 9f. The inset is the
same date on a logarithmic scale. The 2D complementary inverter
employs a single BP crystal with a pristine p-channel and Cu-doped
n-channel, exhibiting a gain of 46. These works confirm that the 2D
materials can be applied in logic circuit by further improved doping
method.

2.4 Intercalation engineering (2D/2D interface)

In the above sections, we discussed the 2D/metal interface,
2D/dielectric interface, and the 2D/adsorbate interface, which are
the heterojunctions between the 2D materials and other different
materials. However, the layered 2D materials consist of several
atomic thin films bonded by van der Waals force. The interface
between interlayers is always neglected. Here, this homojunction
between the interlayers is discussed.

For perfectly modulating the 2D materials performance, many
novel approaches are tested. The traditional ion implantation tech-
niques for carrier doping is a high energy process and hinders device
development for the damage of 2D materials. And the surface dop-
ing engineering is currently in test phase that cannot be applied
in practice. So Y. Gong et al. [120] and C. Wang et al. [121] pro-
vide an extraordinary intercalation approach which only embeds
or absorbs molecules, ions and other low dimension materials into
the interlayer to modulate the properties of semiconductors. These
methods can retain a clean external surface of semiconductor chan-
nel toward top gate structure.

Fig. 10a demonstrates a solvent-based intercalation method to
achieve p-type, n-type and degenerately doped semiconductors in
the same parent material at the atomically thin limit. The pristine
bilayer SnS2 with a van der Waals gap is a natural n-type semi-
conductor for the S-vacancy [122–124]. After intercalating Cu into

the van der Waals gap, Cu-intercalated SnS2 acts as a p-type semi-
conductor and displays a hole mobility of 4̃0 cm2 V−1 s−1. With the
same process, the obtained Co-intercalated SnS2 exhibits a metallic
behavior and can play a role of metal. Combining this intercala-



B. Jiang et al. / Nano Today 25 (2019) 122–134 131

Fig. 9. (a) Switching behavior of n-type (n-type BV doped) and p-type (p-type undoped) bilayer graphene FETs. Reprinted from Ref. [116] with permission by American
Chemical Society. (b) Schematic diagram of MoS2 device and the AuCl3 doping method. (c) Logarithmic scale transfer curves of a pristine MoS2 device and its p-type transfer
characteristics after AuCl3 doping. The inset shows an optical microscopy image of the device. Reprinted from Ref. [117] with permission by John Wiley and Sons. (d) Drain
current as a function of gate voltage for MoS2 FETs before and after incorporation of nanoparticles of Pt. Reprinted from Ref. [118]with permission by American Chemical
Society. (e) Schematic of the BP inverter fabricated using an untreated channel and a Cu doped channel. (f) Four-point conductance versus gate voltage before (red) and after
(blue)  Cu doping. The inset shows the same data on a logarithmic scale. Reprinted from Ref. [119] with permission by American Chemical Society.

Fig. 10. (a) Schematics showing: (1) Bilayer pristine SnS2 with a van der Waals gap. (2) The S vacancy is the dominated defect type in the naturally CVD-grown SnS2, leading
to  an n-type semiconductor. (3) Cu-intercalated SnS2 as a p-type semiconductor. (4) Co-intercalated SnS2 as a highly conductive metal. Reprinted from Ref. [120] with
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ermission by Springer Nature. (b) Schematic illustration of the atomic structure o
d)  Cross-sectional TEM image of MoS2/CTAB superlattice. Scale bars: 2 nm.  (e) Tran
eprinted from Ref. [121] with permission by Springer Nature.

ion technique with lithography, an atomically seamless p–n–metal

unction could be further realized with precise size and spatial con-
rol, which makes in-plane heterostructures practically applicable
or integrated devices and other 2D materials. Therefore, the pre-
ented intercalation method can open a new avenue connecting the
S. (c) The cross-sectional HRTEM image of BP/CTAB superlattice. Scale bars: 1 nm.
haracteristics of MPMS show an on/off ratio >107 versus <10 in pristine BP device.

previously disparate worlds of integrated circuits and atomically

thin materials.

For example, the monolayer BP is unstable and difficultly
exfoliated, so the expected intrinsic properties of monolayer BP
are limited. Through intercalation with cetyl-trimethylammonium
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romide (CTAB), monolayer BP molecular superlattices (MPMS) are
reated with an artificial superlattice structure [121] that mono-
ayer atomic crystals alternate with molecular layers shown in
ig. 10b. The cross-sectional TEM image shows the interlayer dis-
ance (11.21 Å) is more than double of that in BP (5.23 Å), indicating
he intercalation with CTAB effectively decouple the atomic lay-
rs. The new structure of BP overcomes the difficulty in isolating
nd stabilizing monolayer BP [125,126] to allow access to mono-
ayer BP characteristics. For the isolation of the BP monolayers, the
n/off ratio exceeds 107, shown in Fig. 10e. This method also can
e expanded to other 2D materials, such as MoS2. The interlayer
istance is extended to 15.09 Å in Fig. 10d. These studies define a
ersatile material platform for fundamental studies and potential
echnological applications.

 Summary

In summary, we review the recent interface engineering
pproaches for 2D semiconductor transistors towards high-quality
abrication technologies and high-performance electronic. Four
ypes of interfaces in 2D material field-effect transistors are dis-
ussed in detail, including the 2D/metal contact, 2D/dielectrics,
D/adsorbate and 2D/2D interface. For contact barrier modulation,
an der Waals contacts have been demonstrated to be an effective
ay to eliminate pinning effect with much reduced contact resis-

ance, which significantly improves the electronic properties of 2D
ETs. To suppress the external scatterings induced by impurities
nd traps during the carrier transport, special issues are intro-
uced to state the strategies for remitting the challenges in the
ielectric engineering section. Moreover, the corresponding meth-
ds are introduced to overcome the non-dangling bond nature of
D materials, which make difficulties for dielectric deposition. With
he advanced integration technologies, the CVD hBN buffer layer
cheme provides a nearly perfect strategy which not only acts as

 nucleation site for ALD but also forms a compact and uniform
nterface, meanwhile, the hBN encapsulation screens the external
catterings, thus the device performance is further optimized. For
reating more functions, the modulation of 2D materials’ prop-
rties is necessary. Surface doping at the 2D/adsorbate interface
as been demonstrated as an effective method to tune the device
erformance. To further achieve a better doping method without
isturbing other interface engineering, the intercalation approach

s introduced that the doping adsorbate is in the van der Waals gap
f interlayers, showing a novel effect on electronic properties. The
erformance of 2D FETs is continuously improved by bettering the
evice interfaces.

Although great advance has been made in this yield, the prac-
ical application of 2D FETs still has many challenges. Due to large
urface/volume ratio of atomically thin 2D materials, 2D FETs are
usceptible to interfaces disorders, thus interface engineering is a
ritical issue in 2D devices. Although numerous physical assem-
ly van der Waals integration approaches are reported to fabricate
D FETs without lattice damage to protect the intrinsic electrical
roperties of 2D materials, the best performance of 2D FETs is far
rom ideal and barely comparable to that of state-of-the-art silicon
evices. This result indicates that there is still plenty of room for

mprovement in device fabrication technologies without interface
amage to realize 2D FETs with optimal performance. Moreover,
resent optimizing works are primarily based on single transistor
ith the mechanically exfoliation 2D material nanosheets, further

tudies are called for repeating them on large-area synthesized
D materials to realize large-area integration and the synthesis

f 2D materials has to be developed to overtake the performance
f mechanically exfoliation 2D materials. To this end, to make 2D
ransistor be possible for functional electronics, it is emerging to
ntegrate it with other material systems based on current materi-
 25 (2019) 122–134

als and fabrication technologies. In addition, the discovery of new
materials and the design of new concept transistors are also equally
required for future application and manufacture. Except unique
electrical properties, 2D materials are good system for optoelec-
tronic response for their tunable bandgap. With the deepening of
theoretical research and experiments, more technology difficul-
ties will be overcame and 2D FETs will show a broader application
prospect.

Acknowledgments

B. Jiang and Z. Yang contribute equally to this work. This
work is supported by the National Key Research and Devel-
opment Program of Ministry of Science and Technology (No.
2018YFB0406603), National Natural Science Foundation of China
(Grant Nos. 61811540408, 51872084, 61704051, 61574101, and
U1632156), the Strategic Priority Research Program of Chinese
Academy of Sciences (Grant No. XDB30000000), as well as the Nat-
ural Science Foundation of Hunan Province (Nos. 2017RS3021 and
2017JJ3033).

References

[1] M.M. Waldrop, Nature 530 (2016) 144–148.
[2] I. Ferain, C.A. Colinge, J.-P. Colinge, Nature 479 (2011) 310–316.
[3] Y. Liu, X. Duan, Y. Huang, X. Duan, Chem. Soc. Rev. 47 (2018) 6388–6409.
[4] W.  Arden, M. Brillouët, P. Cogez, M.  Graef, B. Huizing, R. Mahnkopf, Version 2

(2010) 14.
[5] R.R. Schaller, IEEE Spectrum 34 (1997) 52–59.
[6] G.E. Moore, Electronics 38 (1965) 8.
[7] S. Sahay, M.J. Kumar, IEEE Trans. Electron. Dev. 64 (2017) 21–27.
[8] D.J. Frank, R.H. Dennard, E. Nowak, P.M. Solomon, Y. Taur, H.-S.P. Wong,

Proc. IEEE 89 (2001) 259–288.
[9] G. Yeric, Electron Devices Meeting (IEDM), 2015, IEEE International, IEEE,

2015, pp. 1.1. 1-1.1. 8.
[10] The International Technology Roadmap for Semiconductors, http://www.

itrs2.net/itrs-reports.html.
[11] Y. Liu, X. Duan, Y. Huang, X. Duan, Chem. Soc. Rev. 47 (2018) 6388–6409.
[12] K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, Y. Zhang, S.V. Dubonos, I.V.

Grigorieva, A.A. Firsov, Science 306 (2004) 666–669.
[13] F. Schwierz, Proc. IEEE 101 (2013) 1567–1584.
[14] B. Radisavljevic, A. Radenovic, J. Brivio, V. Giacometti, A. Kis, Nat.

Nanotechnol. 6 (2011) 147–150.
[15] D. Braga, I. Gutiérrez Lezama, H. Berger, A.F. Morpurgo, Nano Lett. 12 (2012)

5218–5223.
[16] S. Das, J. Appenzeller, Appl. Phys. Lett. 103 (2013) 103501.
[17] L. Li, Y. Yu, G.J. Ye, Q. Ge, X. Ou, H. Wu,  D. Feng, X.H. Chen, Y. Zhang, Nat.

Nanotechnol. 9 (2014) 372–377.
[18] K.S. Novoselov, D. Jiang, F. Schedin, T.J. Booth, V.V. Khotkevich, S.V. Morozov,

A.K.  Geim, Proc. Natl Acad. Sci. 102 (2005) 10451–10453.
[19] M.  Chhowalla, D. Jena, H. Zhang, Nat. Rev. Mater. 1 (2016) 16052.
[20] D. Wang, X.-B. Li, D. Han, W.Q. Tian, H.-B. Sun, Nano Today 16 (2017) 30–45.
[21] J. Kang, W.  Cao, X. Xie, D. Sarkar, W.  Liu, K. Banerjee, Micro-and

nanotechnology sensors, systems, and applications VI, in: International
Society for Optics and Photonics, 2014, pp. 908305.

[22] M.  Schmidt, M.C. Lemme, H. Gottlob, F. Driussi, L. Selmi, H. Kurz, Solid.
Electron. 53 (2009) 1246–1251.

[23] K. Nagashio, T. Nishimura, K. Kita, A. Toriumi, Appl. Phys. Express 2 (2009)
025003.

[24] C.D. English, G. Shine, V.E. Dorgan, K.C. Saraswat, E. Pop, Nano Lett. 16
(2016) 3824–3830.

[25] B. Jiang, X. Zou, J. Su, J. Liang, J. Wang, H. Liu, L. Feng, C. Jiang, F. Wang, J. He,
L. Liao, Adv. Funct. Mater. 28 (2018) 1801398.

[26] C.R. Dean, A.F. Young, I. Meric, C. Lee, L. Wang, S. Sorgenfrei, K. Watanabe, T.
Taniguchi, P. Kim, K.L. Shepard, J. Hone, Nat. Nanotechnol. 5 (2010) 722–726.

[27] X. Li, W.  Cai, J. An, S. Kim, J. Nah, D. Yang, R. Piner, A. Velamakanni, I. Jung, E.
Tutuc, Science 324 (2009) 1312–1314.

[28] C. Berger, Z. Song, T. Li, X. Li, A.Y. Ogbazghi, R. Feng, Z. Dai, A.N. Marchenkov,
E.H. Conrad, P.N. First, J. Phys. Chem. B 108 (2004) 19912–19916.

[29] Y. Liu, R. Cheng, L. Liao, H. Zhou, J. Bai, G. Liu, L. Liu, Y. Huang, X. Duan, Nat.
Commun. 2 (2011).

[30] K.I. Bolotin, K.J. Sikes, Z. Jiang, M.  Klima, G. Fudenberg, J. Hone, P. Kim, H.L.
Stormer, Solid State Commun. 146 (2008) 351–355.

[31] L. Liao, J. Bai, Y. Qu, Yc. Lin, Y. Li, Y. Huang, X. Duan, Proc. Natl Acad. Sci. 107

(2010) 6711–6715.

[32] F. Schwierz, Nat. Nanotechnol. 5 (2010) 487–496.
[33] S. Wang, Z. Yu, X. Wang, J. Semicond. 39 (2018).
[34] L. Liao, X. Duan, Mater. Today 15 (2012) 328–338.
[35] K. Choi, Y.T. Lee, S. Im,  Nano Today 11 (2016) 626–643.

http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0005
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0005
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0005
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0005
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0005
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0005
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0005
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0005
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0010
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0015
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0020
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0025
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0025
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0025
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0025
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0025
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0025
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0025
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0025
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0025
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0030
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0030
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0030
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0030
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0030
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0030
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0035
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0040
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0045
http://www.itrs2.net/itrs-reports.html
http://www.itrs2.net/itrs-reports.html
http://www.itrs2.net/itrs-reports.html
http://www.itrs2.net/itrs-reports.html
http://www.itrs2.net/itrs-reports.html
http://www.itrs2.net/itrs-reports.html
http://www.itrs2.net/itrs-reports.html
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0055
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0060
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0065
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0065
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0065
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0065
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0065
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0065
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0065
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0065
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0065
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0070
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0075
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0080
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0080
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0080
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0080
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0080
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0080
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0080
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0080
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0080
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0080
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0085
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0090
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0095
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0100
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0105
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0110
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0115
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0120
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0125
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0130
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0135
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0140
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0145
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0150
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0155
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0160
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0160
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0160
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0160
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0160
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0160
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0160
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0160
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0160
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0165
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0165
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0165
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0165
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0165
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0165
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0165
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0165
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0165
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0165
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0170
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0175


Today
B. Jiang et al. / Nano 

[36] X. Li, X. Wang, L. Zhang, S. Lee, H. Dai, Science 319 (2008) 1229–1232.
[37] J. Bai, X. Zhong, S. Jiang, Y. Huang, X. Duan, Nat. Nanotechnol. 5 (2010)

190–194.
[38] Y. Zhang, T.-T. Tang, C. Girit, Z. Hao, M.C. Martin, A. Zettl, M.F. Crommie, Y.R.

Shen, F. Wang, Nature 459 (2009) 820–823.
[39] D.C. Elias, R.R. Nair, T. Mohiuddin, S. Morozov, P. Blake, M.  Halsall, A.C.

Ferrari, D. Boukhvalov, M.  Katsnelson, A. Geim, Science 323 (2009) 610–613.
[40] X. Wang, P. Wang, J. Wang, W.  Hu, X. Zhou, N. Guo, H. Huang, S. Sun, H. Shen,

T.  Lin, M. Tang, L. Liao, A. Jiang, J. Sun, X. Meng, X. Chen, W.  Lu, J. Chu, Adv.
Mater. 27 (2015) 6575–6581.

[41] L. Yang, K. Majumdar, H. Liu, Y. Du, H. Wu,  M.  Hatzistergos, P.Y. Hung, R.
Tieckelmann, W.  Tsai, C. Hobbs, P.D. Ye, Nano Lett. 14 (2014) 6275–6280.

[42] J. Wang, Q. Yao, C.-W. Huang, X. Zou, L. Liao, S. Chen, Z. Fan, K. Zhang, W.  Wu,
X.  Xiao, C. Jiang, W.-W.  Wu,  Adv. Mater. 28 (2016) 8302–8308.

[43] J. Wang, S. Li, X. Zou, J. Ho, L. Liao, X. Xiao, C. Jiang, W.  Hu, J. Wang, J. Li, Small
11 (2015) 5932–5938.

[44] Z. Yang, X. Liu, X. Zou, J. Wang, C. Ma,  C. Jiang, J.C. Ho, C. Pan, X. Xiao, J. Xiong,
L.  Liao, Adv. Funct. Mater. 27 (2017) 1602250.

[45] X. Zou, J. Wang, C.-H. Chiu, Y. Wu,  X. Xiao, C. Jiang, W.-W.  Wu,  L. Mai, T.
Chen, J. Li, J.C. Ho, L. Liao, Adv. Mater. 26 (2014) 6255–6261.

[46] X. Zou, C.-W. Huang, L. Wang, L.-J. Yin, W.  Li, J. Wang, B. Wu,  Y. Liu, Q. Yao, C.
Jiang, W.-W.  Wu,  L. He, S. Chen, J.C. Ho, L. Liao, Adv. Mater. 28 (2016)
2062–2069.

[47] S.P. Koenig, R.A. Doganov, H. Schmidt, A.H.C. Neto, B. Ozyilmaz, Appl. Phys.
Lett. (2014).

[48] A. Castellanos-Gomez, L. Vicarelli, E. Prada, J.O. Island, K.L.
Narasimha-Acharya, S.I. Blanter, D.J. Groenendijk, M.  Buscema, G.A. Steele,
J.V. Alvarez, H.W. Zandbergen, J.J. Palacios, H.S.J. van der Zant, 2d Mater. 1
(2014) 025001.

[49] M. Buscema, D.J. Groenendijk, S.I. Blanter, G.A. Steele, H.S.J. van der Zant, A.
Castellanos-Gomez, Nano Lett. 14 (2014) 3347–3352.

[50] H. Liu, A.T. Neal, Z. Zhu, Z. Luo, X. Xu, D. Tománek, P.D. Ye, ACS Nano 8 (2014)
4033–4041.

[51] T. Li, Z. Zhang, X. Li, M.  Huang, S. Li, S. Li, Y. Wu,  Appl. Phys. Lett. 110 (2017)
163507.

[52] T. Gao, X. Li, X. Xiong, M.  Huang, T. Li, Y. Wu,  IEEE Electron. Dev. Lett. 39
(2018) 769–772.

[53] L. Yang, G. Qiu, M.  Si, A. Charnas, C. Milligan, D. Zemlyanov, H. Zhou, Y. Du, Y.
Lin, W.  Tsai, Electron Devices Meeting (IEDM), 2016, IEEE International,
IEEE, 2016, pp. 5.5. 1-5.5. 4.

[54] H.-M. Chang, K.-L. Fan, A. Charnas, P.D. Ye, Y.-M. Lin, C.-I. Wu,  C.-H. Wu,  J.
Phys. D Appl. Phys. 51 (2018) 135306.

[55] W.  Luo, D.Y. Zemlyanov, C.A. Milligan, Y. Du, L. Yang, Y. Wu,  P.D. Ye,
Nanotechnology 27 (2016) 434002.

[56] R.A. Doganov, E.C.T. O’Farrell, S.P. Koenig, Y. Yeo, A. Ziletti, A. Carvalho, D.K.
Campbell, D.F. Coker, K. Watanabe, T. Taniguchi, A.H.C. Neto, B. Özyilmaz,
Nat. Commun. 6 (2015).

[57] X. Chen, C. Chen, A. Levi, L. Houben, B. Deng, S. Yuan, C. Ma,  K. Watanabe, T.
Taniguchi, D. Naveh, X. Du, F. Xia, ACS Nano 12 (2018) 5003–5010.

[58] W.-H. Wang, R.-X. Du, X.-T. Guo, J. Jiang, W.-W.  Zhao, Z.-H. Ni, X.-R. Wang,
Y.-M. You, Z.-H. Ni, Light Sci. Appl. 6 (2017) e17113.

[59] X. Guo, W.  Wang, H. Nan, Y. Yu, J. Jiang, W.  Zhao, J. Li, Z. Zafar, N. Xiang, Z. Ni,
W.  Hu, Y. You, Z. Ni, Optica 3 (2016) 1066.

[60] W.  Schottky, Zeitschrift für Physik 113 (1939) 367–414.
[61] N.F. Mott, Proc. R. Soc. Lond. A 171 (1939) 27–38.
[62] J. Bardeen, Phys. Rev. 71 (1947) 717–727.
[63] R.T. Tung, Appl. Phys. Rev. 1 (2014) 011304.
[64] Y. Liu, J. Guo, E. Zhu, L. Liao, S.-J. Lee, M.  Ding, I. Shakir, V. Gambin, Y. Huang,

X.  Duan, Nature 557 (2018) 696–700.
[65] Y. Du, H. Liu, Y. Deng, P.D. Ye, ACS Nano 8 (2014) 10035–10042.
[66] H. Liu, A.T. Neal, P.D. Ye, ACS Nano 6 (2012) 8563–8569.
[67] L. Yang, A. Charnas, G. Qiu, Y.-M. Lin, C.-C. Lu, W.  Tsai, Q. Paduano, M. Snure,

P.D. Ye, ACS Omega 2 (2017) 4173–4179.
[68] S. Das, H.-Y. Chen, A.V. Penumatcha, J. Appenzeller, Nano Lett. 13 (2012)

100–105.
[69] L. Li, M.  Engel, D.B. Farmer, S.-j. Han, H.S.P. Wong, ACS Nano 10 (2016)

4672–4677.
[70] C.-H. Wang, J.A.C. Incorvia, C.J. McClellan, A.C. Yu, M.J. Mleczko, E. Pop, H.S.P.

Wong, Nano Lett. 18 (2018) 2822–2827.
[71] H.-M. Chang, A. Charnas, Y.-M. Lin, P.D. Ye, C.-I. Wu,  C.-H. Wu,  Sci. Rep. 7

(2017) 16857.
[72] R. Kappera, D. Voiry, S.E. Yalcin, B. Branch, G. Gupta, A.D. Mohite, M.

Chhowalla, Nat. Mater. 13 (2014) 1128–1134.
[73] D. Voiry, H. Yamaguchi, J. Li, R. Silva, D.C.B. Alves, T. Fujita, M.  Chen, T. Asefa,

V.B. Shenoy, G. Eda, M.  Chhowalla, Nat. Mater. 12 (2013) 850–855.
[74] F. Wypych, R. Schöllhorn, J. Chem. Soc. Chem. Commun. (1992) 1386–1388.
[75] H.-L. Tsai, J. Heising, J.L. Schindler, C.R. Kannewurf, M.G. Kanatzidis, Chem.

Mater. 9 (1997) 879–882.
[76] S. Lee, A. Tang, S. Aloni, H.S. Philip, Wong, Nano Lett. 16 (2015) 276–281.
[77] L. Lin, J. Robertson, S. Clark, Microelectron. Eng. 88 (2011) 1461–1463.
[78] T. Nishimura, K. Kita, A. Toriumi, Appl. Phys. Express 1 (2008) 051406.

[79] J. Hu, K.C. Saraswat, H.-S.P. Wong, J. Appl. Phys. 107 (2010) 063712.
[80] J. Hu, A. Nainani, Y. Sun, K.C. Saraswat, H.-S.P. Wong, Appl. Phys. Lett. 99

(2011) 252104.
[81] A. Dankert, L. Langouche, M.V. Kamalakar, S.P. Dash, ACS Nano 8 (2014)

476–482.
 25 (2019) 122–134 133

[82] M.V. Kamalakar, B.N. Madhushankar, A. Dankert, S.P. Dash, Small 11 (2015)
2209–2216.

[83] J.-R. Chen, P.M. Odenthal, A.G. Swartz, G.C. Floyd, H. Wen, K.Y. Luo, R.K.
Kawakami, Nano Lett. 13 (2013) 3106–3110.

[84] H. Hasegawa, T. Sawada, Thin Solid Films 103 (1983) 119–140.
[85] X. Cui, G.-H. Lee, Y.D. Kim, G. Arefe, P.Y. Huang, C.-H. Lee, D.A. Chenet, X.

Zhang, L. Wang, F. Ye, F. Pizzocchero, B.S. Jessen, K. Watanabe, T. Taniguchi,
D.A. Muller, T. Low, P. Kim, J. Hone, Nat. Nanotechnol. 10 (2015) 534–540.

[86] Y. Liu, H. Wu,  H.-C. Cheng, S. Yang, E. Zhu, Q. He, M.  Ding, D. Li, J. Guo, N.O.
Weiss, Y. Huang, X. Duan, Nano Lett. 15 (2015) 3030–3034.

[87] Y. Liu, J. Guo, Q. He, H. Wu,  H.-C. Cheng, M.  Ding, I. Shakir, V. Gambin, Y.
Huang, X. Duan, Nano Lett. 17 (2017) 5495–5501.

[88] Y. Liu, N.O. Weiss, X. Duan, H.-C. Cheng, Y. Huang, X. Duan, Nat. Rev. Mater. 1
(2016) 16042.

[89] Y. Liu, J. Guo, Y. Wu,  E. Zhu, N.O. Weiss, Q. He, H. Wu,  H.-C. Cheng, Y. Xu, I.
Shakir, Nano Lett. 16 (2016) 6337–6342.

[90] L. Yu, Y.-H. Lee, X. Ling, E.J. Santos, Y.C. Shin, Y. Lin, M.  Dubey, E. Kaxiras, J.
Kong, H. Wang, Nano Lett. 14 (2014) 3055–3063.

[91] W.S. Leong, X. Luo, Y. Li, K.H. Khoo, S.Y. Quek, J.T. Thong, ACS Nano 9 (2014)
869–877.

[92] X. Cui, E.-M. Shih, L.A. Jauregui, S.H. Chae, Y.D. Kim, B. Li, D. Seo, K. Pistunova,
J.  Yin, J.-H. Park, Nano Lett. 17 (2017) 4781–4786.

[93] M.  Farmanbar, G. Brocks, Phys. Rev. B 91 (2015) 161304.
[94] V. Heine, Phys. Rev. 138 (1965) A1689–A1696.
[95] J. Tersoff, Phys. Rev. Lett. 52 (1984) 465–468.
[96] S. McDonnell, R. Addou, C. Buie, R.M. Wallace, C.L. Hinkle, ACS Nano 8 (2014)

2880–2888.
[97] A. Castellanos-Gomez, E. Cappelluti, R. Roldán, N. Agraït, F. Guinea, G.

Rubio-Bollinger, Adv. Mater. 25 (2013) 899–903.
[98] A. Avsar, J.Y. Tan, X. Luo, K.H. Khoo, Y. Yeo, K. Watanabe, T. Taniguchi, S.Y.

Quek, B. Özyilmaz, Nano Lett. 17 (2017) 5361–5367.
[99] E.J. Telford, A. Benyamini, D. Rhodes, D. Wang, Y. Jung, A. Zangiabadi, K.

Watanabe, T. Taniguchi, S. Jia, K. Barmak, Nano Lett. 18 (2018) 1416–1420.
[100] H.-J. Chuang, B. Chamlagain, M. Koehler, M.M. Perera, J. Yan, D. Mandrus, D.

Tománek, Z. Zhou, Nano Lett. 16 (2016) 1896–1902.
[101] Y.-L. Loo, T. Someya, K.W. Baldwin, Z. Bao, P. Ho, A. Dodabalapur, H.E. Katz,

J.A. Rogers, Proc. Natl Acad. Sci. 99 (2002) 10252–10256.
[102] Y. Liu, P. Stradins, S.-H. Wei, Sci. Adv. 2 (2016) e1600069.
[103] M.  Farmanbar, G. Brocks, Phys. Rev. B 93 (2016) 085304.
[104] H. Qiu, T. Xu, Z. Wang, W.  Ren, H. Nan, Z. Ni, Q. Chen, S. Yuan, F. Miao, F.

Song, Nat. Commun. 4 (2013) 2642.
[105] Z. Hu, Z. Wu,  C. Han, J. He, Z. Ni, W.  Chen, Chem. Soc. Rev. 47 (2018)

3100–3128.
[106] Z. Yu, Z.-Y. Ong, Y. Pan, Y. Cui, R. Xin, Y. Shi, B. Wang, Y. Wu,  T. Chen, Y.-W.

Zhang, G. Zhang, X. Wang, Adv. Mater. 28 (2016) 547–552.
[107] M.  Si, C.-J. Su, C. Jiang, N.J. Conrad, H. Zhou, K.D. Maize, G. Qiu, C.-T. Wu,  A.

Shakouri, M.A. Alam, P.D. Ye, Nat. Nanotechnol. 13 (2017) 24–28.
[108] X. Liu, R. Liang, G. Gao, C. Pan, C. Jiang, Q. Xu, J. Luo, X. Zou, Z. Yang, L. Liao,

Z.L. Wang, Adv. Mater. 30 (2018) 1800932.
[109] R.H.J. Vervuurt, W.M.M.E. Kessels, A.A. Bol, Adv. Mater. Interfaces 4 (2017)

1700232.
[110] S. McDonnell, B. Brennan, A. Azcatl, N. Lu, H. Dong, C. Buie, J. Kim,  C.L.

Hinkle, M.J. Kim, R.M. Wallace, ACS Nano 7 (2013) 10354–10361.
[111] L. Liao, Y.-C. Lin, M.  Bao, R. Cheng, J. Bai, Y. Liu, Y. Qu, K.L. Wang, Y. Huang, X.

Duan, Nature 467 (2010) 305–308.
[112] K. Seo, S. Lee, H. Yoon, J. In, K.S. Varadwaj, Y. Jo, M.-H. Jung, J. Kim, B. Kim,

ACS Nano 3 (2009) 1145–1150.
[113] F. Schwierz, Nat. Nanotechnol. 5 (2010) 487.
[114] R. Cheng, J. Bai, L. Liao, H. Zhou, Y. Chen, L. Liu, Y.-C. Lin, S. Jiang, Y. Huang, X.

Duan, Proc. Natl Acad. Sci. 109 (2012) 11588–11592.
[115] Q. Han, B. Yan, T. Gao, J. Meng, Y. Zhang, Z. Liu, X. Wu,  D. Yu, Small 10 (2014)

2293–2299.
[116] W.J. Yu, L. Liao, S.H. Chae, Y.H. Lee, X. Duan, Nano Lett. 11 (2011) 4759–4763.
[117] X. Liu, D. Qu, J. Ryu, F. Ahmed, Z. Yang, D. Lee, W.J. Yoo, Adv. Mater. 28 (2016)

2345–2351.
[118] D. Sarkar, X. Xie, J. Kang, H. Zhang, W.  Liu, J. Navarrete, M.  Moskovits, K.

Banerjee, Nano Lett. 15 (2015) 2852–2862.
[119] S.P. Koenig, R.A. Doganov, L. Seixas, A. Carvalho, J.Y. Tan, K. Watanabe, T.

Taniguchi, N. Yakovlev, A.H. Castro Neto, B. Özyilmaz, Nano Lett. 16 (2016)
2145–2151.

[120] Y. Gong, H. Yuan, C.-L. Wu,  P. Tang, S.-Z. Yang, A. Yang, G. Li, B. Liu, J. van de
Groep, M.L. Brongersma, M.F. Chisholm, S.-C. Zhang, W.  Zhou, Y. Cui, Nat.
Nanotechnol. 13 (2018) 294–299.

[121] C. Wang, Q. He, U. Halim, Y. Liu, E. Zhu, Z. Lin, H. Xiao, X. Duan, Z. Feng, R.
Cheng, N.O. Weiss, G. Ye, Y.-C. Huang, H. Wu,  H.-C. Cheng, I. Shakir, L. Liao, X.
Chen, W.A. Goddard Iii, Y. Huang, X. Duan, Nature 555 (2018) 231–236.

[122] H.T. Yuan, M. Toh, K. Morimoto, W.  Tan, F. Wei, H. Shimotani, C. Kloc, Y.
Iwasa, Appl. Phys. Lett. 98 (2011) 012102.

[123] L. Wang, L. Gao, H. Song, International Photonics and Optoelectronics
Meetings (POEM), Optical Society of America, Wuhan, 2013, pp. ASa3A.55.

[124] J.-H. Ahn, M.-J. Lee, H. Heo, J.H. Sung, K. Kim, H. Hwang, M.-H. Jo, Nano Lett.

15  (2015) 3703–3708.

[125] J. Pei, X. Gai, J. Yang, X. Wang, Z. Yu, D.-Y. Choi, B. Luther-Davies, Y. Lu, Nat.
Commun. 7 (2016) 10450.

[126] C.R. Ryder, J.D. Wood, S.A. Wells, Y. Yang, D. Jariwala, T.J. Marks, G.C. Schatz,
M.C.  Hersam, Nat. Chem. 8 (2016) 597.

http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0180
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0185
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0190
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0195
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0200
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0205
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0210
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0215
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0220
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0225
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0230
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0235
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0240
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0245
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0250
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0255
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0260
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0265
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0270
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0275
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0280
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0285
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0290
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0295
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0300
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0300
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0300
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0300
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0300
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0300
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0300
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0300
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0300
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0300
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0305
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0310
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0310
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0310
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0310
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0310
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0310
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0310
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0310
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0310
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0315
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0315
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0315
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0315
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0315
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0315
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0315
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0315
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0320
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0325
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0330
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0335
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0340
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0345
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0350
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0355
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0360
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0365
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0370
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0375
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0380
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0385
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0390
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0395
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0400
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0405
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0410
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0415
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0420
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0425
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0430
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0435
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0440
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0445
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0450
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0455
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0460
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0465
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0465
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0465
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0465
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0465
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0465
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0465
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0465
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0465
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0465
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0470
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0470
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0470
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0470
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0470
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0470
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0470
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0470
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0470
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0475
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0475
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0475
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0475
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0475
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0475
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0475
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0475
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0475
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0475
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30696-0/sbref0630


1 Today

from 2009 to 2011. He worked in School of Physics and
Technology at Wuhan University as a Professor from 2011
to 2016. His  research interests focus on two-dimensional
materials, thin film transistors, high-performance nano-
electronic devices.
34 B. Jiang et al. / Nano 

Bei Jiang is currently a Ph.D. student under the direc-
tion of Prof. Lei Liao at School of Physics and Technology,
Wuhan University. She received her B.S. degree in Physics
from Wuhan University in 2014. Her research interests are
focused on the contact issues in black phosphorus transis-
tors.

Zhenyu Yang obtained his B.S. degree at Wuhan Univer-
sity in China in 2014. He is currently a Ph.D. student in
School of Physics and Technology at Wuhan University
under the supervision of Professor Lei Liao. His research
interest mainly is the two-dimensional material for nano-
electronic device application.

Xingqiang Liu is currently an associate Professor at
the School of Physics and Electronics, Hunan University,
China. He received his Ph.D. degree in condensed mat-

ter physics from Wuhan University in 2015 and then
worked as a assistant research fellow at Beijing Institute
of  Nanoenergy and Nanosystems Chinese Academy of Sci-
ences for one year. He is mainly engaged in low-power 2D
electronics.
 25 (2019) 122–134

Yuan Liu is a Professor at the School of Physics and
Electronics, Hunan University, China. He received his BS
degree from Zhejiang University in 2010, and his PhD
degree from the University of California, Los Angles, in
2015. He was previously a postdoc researcher in the Uni-
versity of California, Los Angeles, before joining Hunan
University. His current research interests include novel
electronics and optoelectronics based on new semicon-
ductor materials and new device structures.

Lei Liao is currently a Professor in School of Physics and
Electronics at Hunan University since 2017. He received
his  B.S. and Ph.D. degree from Wuhan University in 2004
and 2009, respectively. He worked as a postdoctoral
researcher at the University of California, Los Angeles,


	Interface engineering for two-dimensional semiconductor transistors
	1 Introduction
	2 Interface engineering
	2.1 Contact engineering (2D/metal interface)
	2.1.1 Contact barrier
	2.1.2 Traditional contact
	2.1.3 Van der Waals contact

	2.2 Dielectric engineering (2D/dielectric interface)
	2.2.1 Substrate engineering
	2.2.2 Top gate dielectric interface engineering

	2.3 Surface doping engineering (2D/adsorbate interface)
	2.3.1 Chemical method
	2.3.2 Physical method

	2.4 Intercalation engineering (2D/2D interface)

	3 Summary
	Acknowledgments
	References


