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Abstract—Continuous miniaturization brought the feature
size of silicon technology into the nanometer scale, where
performance enhancement cannot be easily achieved by further
feature size reduction. The use of new materials with advanced
properties has become mandatory to meet the needs for higher
performance at reduced power. Topological insulators possess
highly conductive topologically protected edge states insensitive
to scattering and thus suitable for energy efficient high speed
devices. Here, we evaluate the subband structure in a
nanoribbon of 1T’-MoS: by applying an effective k-p
Hamiltonian in a confined geometry.
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I. INTRODUCTION

Topological insulators (TIs) belong to a new class of
semiconducting materials with highly conductive edge states.
These edge states lie in the band gap of the bulk insulating
material. In order to have states in the gap, the bulk host
material must possess an inverted band structure with the
valence band edge lying above the conduction band edge. The
standard band order is restored at the edge, where the host
material is interfaced with a normal dielectric (air). The edge
states then possess a linear Dirac-like energy dispersion. The
edge states are topologically protected by time-reversal
symmetry, which results in electron propagation without
backscattering. This property makes them attractive as a
material for highly conductive transistor channels.

Recent progress in fabrication and investigation of two-
dimensional (2D) TIs [1] demonstrates the potential of these
materials for use in advanced microelectronics. Having highly
conductive channels is not sufficient to make a good transistor
switch as one has to have a possibility to suppress the current
through the channel. A plausible option is to close the gap in
the host bulk material. In this case scattering between the
protected edge and the non-protected electron-hole bulk states
results in strong scattering which effectively reduces the
current through the edge states [2]. When the normal gap in
the bulk material is created by restoring the order of the bands,
there are no edge states possible in the gap, and the current due
to these states is absent. Therefore, an ability to modulate the
gap and the gap nature by changing an external parameter (an
electric field or gate voltage) opens a path to a current switch,
where the current carrying topologically protected states either
exist in the gap or not [2].
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II. METHOD

Recently it was discovered that, if the well-known 2D
material MoS, which has a high promise for future
microelectronic devices [3], is grown in a 1T’ phase, it
becomes a TI [4]. The inverted band structure is well
described by parabolic dispersion relations, where k = (kx, &y)
is the wave vector, Ej, (kx,ky) and Eq(kx,ky) refer to the valence
and conduction bands, respectively, and ngg denote the
effective masses [4]:
h2k2  h2k?
P [Z ey
y  2my

Ey(kyky) =6 — -
nk: Rk
2mé¢  2m¢
These bands intersect at ky =t ko, where

Ey(ky ky) = =6+ (2)

3)

Therefore, without spin-orbit interaction, the material would
be a semi-metal. The spin-orbit interaction makes the
conduction and the valence bands to interact, which opens
gaps around the intersection points. The effective Hamiltonian
H can be written as [4]

H(k) =
Ep(ky ky) 0 —iv ik, vyhk, — aE,
B 0 E, (kx' ky) vyhk, — aE, —iv hk,
B iv, hk, vyhk, — aE, Eq(kyky) 0
vyhky — aE, vy ik, 0 Eq(ky ky)
4)

Here vi(2) are the velocities defining the strength of the spin-
orbit interaction and aF, describes the additional Rashba
splitting between the bands due to the perpendicular vertical
electric field £ [4,5]. E, is able to manipulate and to change
the nature of the gaps close to the degeneracy points at ky =+
ko. The parameters [4] are listed in Table 1. It is convenient to
perform a canonical transformation of the Hamiltonian (4) by
means of the two unitary matrices A and B as
H'(K) = B"1 A"'HAB, (5)
where the matrices A and B have the following structure:
1 1 1 1 1
1 1 -1 -1
A=zl -1 1 41 (6)
1 -1 -1 1
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TABLE L

Variable Value
23 0.66 eV
121 3.87 10° m/s
12 0.46 10° m/s
mh 0.5m,
m) 0.16 m,
mé 2.48 m,
mé 0.37m,

a 0.03 e nm
ko 1.485 nm!
d 40ky! = 26.93 nm

Table 1 Parameters [4,5] used in the model. m, is the electron mass, e is the
electron charge, and d is the width in OY direction.
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After the unitary transformation the Hamiltonian H’ is in
the block-diagonal form

. (HK) 0
H =( E) )H+(—k))’ ®
where (Z*) stands for a conjugate transpose matrix Z. The 2x2
Hamiltonian H (K) possesses the following structure:
H(k) =
n’k  h2kZ

Voky — @E, + i vk,

B 2mb - 2my 9
B h?k2  h2k2 ©)
vk, —aE, —ivk -5+ +
2y z 1%x mg m,‘?

The possibility to express the Hamiltonian in the form (8)
is a consequence of the time-reversal symmetry. It then
follows that, if allowed, at every edge there are two
topologically protected modes propagating in opposite
directions with opposite spins. As the spin-down wave
function W (kx,y) of the lower 2x2 block H*(—K) can be
easily found from the spin-up solution for the upper block as
W\ (kx, y)=-io, Wi (ks, y) [6], where ois the Pauli matrix, we
will be only focusing on the 2x2 block Hamiltonian H (K).

If we measure energies in units of Ey= 2 § and the wave
vectors k = (kx, ky) in units of ko, the Hamiltonian (9) can be
conveniently written in the dimensionless form

H(K) =

1 ,m ,m .
E_ky_p_kx_p Voky — aE, + iviky

= Y x ,(10)
Vok, — Gy — iviky — =t k2t k2
20y z 1%x 2 ymg xmg

mgmp

a4

where m = m—ni’p and vy are the dimensionless velocities.
y y

The energy dispersion obtained from (10) with an offset of

1mf-mb . - )

AE = -—5— is shown in Fig.1 for &=0. If the off-diagonal
2 my+my

terms in (10) is zero, the dispersion curves intersect at ky == ko
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Fig.1 Bulk energy dispersion in 1T°-MoS, two-dimensional material, £=0.
Green dispersion displays the gaps at k,=ko in the inverted band structure at
E,=0. Increasing the electric field to £,=v, closes the gap (red curve) and
reopens it again as a direct gap (E,=2v, , blue curve).

and E,=0. The spin-orbit interaction described by the off-
diagonal terms opens a gap at the intersection of the valence
and conduction at ky =+ ko., (Fig.1, green line). The gap also
depends on kx which enters in the off-diagonal in a similar way
to ky.

By applying an electric field E. along the OZ axis the gap
at one of the minima can be reduced, completely closed (Fig.1,
red line), or even opened again (Fig.1, blue line) at large
electric fields. The gap at large electric fields becomes direct,
so no edge states are allowed within the bulk gap.

III. QUANTZATION IN A NANORIBBON

We consider a nanoribbon with the width in OY direction
of d=40/ko. In this case, only quantized values of the
momentum 4, along the quantization axis OY perpendicular
to the nanoribbon are allowed. In addition, it is expected that
at E, =0 two topologically protected highly conductive edge
states localized at opposite interfaces of a nanoribbon must
exist within the gap opened by the spin-orbit interaction in the
inverted band structure at ky =+ ko (Fig.1, green line).

Let us outline how we obtain the subband structure. A line
drawn at any fixed energy E outside of the spin-orbit gap
crosses the dispersion curve in Fig.1 at four distinct &, points:
k]-, j=1,...,4 Therefore, a general form of the subband wave
function 1, () in the quantization OY direction is written as

0= 4o, 5y)eiy), (D

where 4; (j=1,...,4) are four constants and

—%+k]?%+k§ﬂp+E
y X

a(ky, E) = vokj — aE, +ivik,

The subband energies are obtained by setting the wave
function to zero at both edges. The characteristic equation is
solved numerically, in complete analogy to the problem of
finding the eigenenergies and eigenfunctions of a 2-band k-p

Hamiltonian in silicon films [7].

(12)

To illustrate the numerical procedure, let us introduce the
matrix M as

M=M; M, M; M,) (13)
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Fig.2 Real (blue) and imaginary (red) parts of det(M) computed at &, =0,
E,=0,d=40ky. The bulk gap is seen at at £~ +0.065, where the real part
touches the OX axis from below. The subband energies are obtained from

det(M)=0. Topological edge states are seen in the bulk gap (E~ +0.005).

with the columns M;, j=1,..,4.

1
a(k;, E)
M; = exp(ik;d) (14)

a(k]-, E) exp(ik;d)

The boundary conditions that the wave function (11) must be
zero at both edges of the nanoribbon is then written as

MA =0, (15)

where the vector A=(4,, A, As, A,)Tis made by constants in
(11). Equation (15) has nontrivial solutions for A, if

det(M) = 0. (16)

Fig.2 displays the behaviour of the real part (the imaginary
part is zero for E,=0) of the determinant as a function of
energy, for kx=0. We are interested in the crossings of the
curve with the axis OX. We easily identify the gap due to the
spin-orbit interaction at E=~ +0.065. The value of the
determinant approaches the axis from negative values and
touches it at a single point. Indeed, when we the constant
energy line touches the minimum (maximum) of the
dispersion relation shown with the green line in Fig.1, k1= k>
and k3= k4, so (16) is zero.

All other intersections with the OX axis correspond to
subbands. However, we clearly observe the two roots in the
gap at £~ £0.005 A close inspection shows that the wave
vectors k;j corresponding to these solutions are not real but
complex. The wave functions corresponding to these solutions
in the gap are located at an edge of the nanoribbon as shown
in Fig.3 for kx =0.1ko and in Fig.4 for for kx = - 0.1ko. In
contrast to [6], where only an exponential decay was
predicted, the wave function (11) displays both oscillations
and decay. Although the structure of the Hamiltonians
considered here and in [6] are similar, the actual parameters
are different. In particular, in the case considered here, the
spin-orbit gaps are open at the finite values of ky =+ ko (Fig.1,
green line). The shift of the bulk band’s minima from the
Gamma-point at k=0 is responsible for the subband wave
functions displaying not only the decay but the oscillations as
well. Therefore, these solutions correspond to the
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Fig.3 The wave function square (blue) and its two spinor components (green

= 0.1 and &, =0.1k,.

2Ro
The subband wave function shows both oscillation and an exponential
decay.

and red) of the topological edge state evaluated at:iz

topologically protected edge modes, which is confirmed by
the complex values of the solutions for k;

The roots of the determinant further away from FE=0
correspond to the traditional subbands as all k; are real.
However, due to the strong non-parabolicity of the bulk
dispersion, the positions of the subband minima and the
subband dispersions can only be found by solving (16)
numerically.

IV. SUBBANDS DISPERSIONS

The dispersions of several electron and hole subbands is
shown in Fig.5. The lowest electron/top most hole subbands
display almost a linear dispersion. This distinguishes the
subbands from those in silicon films. The energies of the
subbands are lying in the bulk band gap (Fig.1). The subbands
correspond to the topologically protected edge modes.

A close inspection demonstrates that a very small gap is
opened at k,, = 0 reflecting the fact that the topological states
located at the two opposite edges of the nanoribbon are not
independently propagating and start interaction at small k,.[6].
At larger k, the coupling between the edge states becomes
insignificant as the edge states are moving in opposite
directions and are located at opposite edges (Figs 3.,4).
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Fig.4 The same as in Fig.3, but for ks =-0.1k,. The wave function is for the
state pronagating in the onooste direction. It is localized at the oppoite edee.
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Fig.5 Subbands in a nanoribbon of the width ¢=40/k, E.=0. The subband
with an almost linear dispersion corresponding to the topologically
protected edge state is clearly seen.

The gap between the bulk bands increases with the vertical
electric field E,. By increasing E, the gap can be reduced,
closed, and opened again as a direct gap at one of the minima,
Fig.1. This leads to the gap between the lowest subbands
opening (Figs 6,7), and the linear dispersion becomes
quadratic close to the subband minimum. At the same time
the edge mode delocalises from the edge as at least two of k;
become real, which leads to increased scattering and results
in a reduced current.

V. CONCLUSION

We evaluated the subband structure in a nanoribbon of
1T°-MoS;, a two-dimensional topological insulator by
assuming an effective k-p Hamiltonian. We demonstrate that,
without electric field, the lowest electron/top most hole
subbands lie in the bulk band gap and display a linear
dispersion. These subbands correspond to topologically
protected edge modes. We show that a very small gap opens
at k, = 0 due to the interaction of the topological states
located at the opposite edges of the nanoribbon.
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Fig.7 Subbands in a nanoribbon of the width d=40/k,.at a.F.=2v,k, when
the direct gap is opened again at k,=k, see Fig.1, blue curve.

In contrast to the bulk case where the gap between the
bands is reduced, closed, and opened again with the vertical
electric field £, the gap between the edge modes never closes
and always increases with the electric field. Together with the
delocalization of edge modes with the electric field, the gap
increase leads to the decrease of the nanoribbon conductance,
which is promising for transistor applications.

ACKNOWLEDGMENT

Financial support by the Austrian Federal Ministry for
Digital and Economic Affairs and the National Foundation for
Research, Technology and Development is gratefully
acknowledged. A.-M.B.E.-S. was supported in part by project
No. IN 23/2018 ‘Atom-to-Circuit’ modeling technique for
exploration of Topological Insulator based ultra-low power
electronics’ by the Centre for International Cooperation &
Mobility (ICM) of the Austrian Agency for International
Cooperation in Education and Research (OeAD).

REFERENCES

[1] L. Kou, Y. Ma, Z. Sun, T. Heine, and C. Chen, “Two-dimensional
topological insulators: Progress and prospects”, J.Phys.Chem.Lett.
vol.8, pp.1905-1919, 2017.

0.3#!!— - — & 5 e ——
t —~ - — =
o e = e
ook - ® Sl Thtet SR S L
- y B S o
LN = = — = = *
: ke _ : 3 e
0.1 Tk * W
¥
_ g
u o
w &
T .
0.1+ o A .
g i = G
¥ * = . B *
* ) == ~ Wy ;
0.2 - —¥ - c
* A — =~ B - *
r = - . - 2 ¥ h *
¥ gl —% -
0_3%-‘ 1 1 it 1 4{5
-0.4 0.3 -0.2 -0.1 0 0.1 0.2 0.3 04
kx"'ku

Fig.6 Subband energies at aE.=v.ky when the gap at k=k is closed, see

Fig.1, red curve.

(2]

[3]

(4]

(3]

(6]

(7

W.G.Vandenberghe and M. V. Fischetti, “Imperfect two-dimensional
topological insulator field-effect transistors”, Nature Communications,
vol.8, art.14184 (pp. 1-8), 2017.

Yu.Yu. Illarionov, A.G. Banshchikov, D.K. Polyushkin, S. Wachter,
T. Knobloch, M. Thesberg, L. Mennel, M. Paur, M. Stoger-Pollach,
A. Steiger-Thirsfeld, M.1. Vexler, M. Waltl, N.S. Sokolov, T. Mueller,
and T. Grasser, “Ultrathin calcium fluoride insulators for two-
dimensional field-effect transistors”, Nature Electronics, vol.2, pp.230-
235,2019.

X. Qian, J. Liu, L. Fu, and Ju Li., “Quantum spin Hall effect in two-
dimensional transition metal dichalcogenides”, Science, vol. 346, issue
6215, pp.1344-1347, 2014.

L. Liu and J. Guo, “Assessment of performance potential of MoS,-
based topological insulator field-effect transistors”, J.Appl.Phys.,
vol.118, art.124502 (pp.1-5), 2015.

B. Zhou, H.-Z. Lu, R.-L. Chu, S.-Q. Shen, and Q. Niu, “Finite size
effects on helical edge states in a quantum spin-Hall system”
Phys.Rev.Lett., vol.101, art.246807 (pp.1-4), 2008.

V. Sverdlov and S. Selberherr, “Silicon spintronics: Progress and
challenges”, Phys.Rep., vol.585, pp.1-40, 2015.

Authorized licensed use limited to: TU Wien Bibliothek. Downloaded on May 18,2021 at 09:34:43 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


