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The single-particle Green’s function for a dc-biased superlattices with single impurity potential varying harmoni-

cally with time has been obtained in the framework of U(,t’) method and Floquet—Green’s function. The calculation

of the local density of states shows that new states will emerge between the resonant Wannier—Stark states as a result of

the intervention of time-dependent impurity potential, and the increase in electric field strength of impurity will result

in the growing of the number of new states between the gaps of neighbouring Stark ladders.
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1. Introduction

Quantum electronic transport properties in semi-
conductor superlattices under the influence of elec-
tric fields have been a much interesting subject of
research in recent years. The well-known contro-
versial physical phenomena, Bloch oscillations and
Wannier—Stark ladders in a dc-biased crystal solids,
have been verified in superlattices by various experi-
mental groups.!=3] Moreover, many novel and inter-
esting theoretical predictions and experimental find-
ings have been reported in electric-field biased super-
lattices, among these, the typical ones are negative
differential conductivity,[¥ dynamical localization,!
and fractional Wannier—Stark ladder driven by dc and
ac electric fields,!®! band suppression!” and Shapiro
effect. (8]

There are many ways of treating the problems
of the superlattices driven by an external electric
field, which are essentially nonequilibrium phenom-
ena. The common way is to utilize the time-dependent

Schodinger equation,

{H(m) - 1%] P(z,t) =0, (1)

where H(x) is the crystal Hamiltonian plus the exter-
nal potential induced by electric fields. Particularly,

if the external electric fields are time-periodic with a
period of T, Floquet theorem can be employed:!®!

[’H(a:,t) - i%] ue(z,t) = euc(z, t), 2)

exp(iet)y(z,t), and uc(z,T) =

ue(z,0). Using these equations, dynamical quantities

where wu.(z,t) =

such as mean-square displacement, electric currents
etc can be obtained.[?9:1]

Another important approach is implemented
through the use of the single-particle Green’s func-
tion from which dynamical properties can be drawn
out.['112] The typical example is density of states
which can be obtained from the imaginary part of

spectral function,
(E) = : (E) (3)
n(E 2 Ir A(E),

while the spectral function is closely related to the
retarded Green’s function through the following rela-

tion:

G (x,t; 2", t") = —i0(t — ") { ¥(x,t), ¥T(z't)})
=—1i0(t — t')A(z, t; 2't"). (4)

By choosing a gauge-invariant spectral function,!*!

density of states can be obtained straightforwardly.

*Project supported by the Natural Science Foundation of Shanxi Province (Grant No 20031006).
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More recently, a method called Floquet—Green’s
function!** has been developed to calculate dynami-
cal properties of a general time-periodic Hamiltonian.
This method is essentially the U(t,t') method, pre-
viously invented by Moiseyev group.l'®! The essential
mathematics behind this method lies in that the gen-
uine time variable involved in the original Hamiltonian
is treated as a spatial variable, while a new pseudo-
time variable is introduced. This method will be ex-
plained in detail in Section 3 of this paper.

In Section 2, we use the single-particle Green’s
function formalism to calculate the site-diagonal el-
ement of Green’s function of a tight-binding model
driven by an external uniform electric field, through
which the local density of states can be derived. In
Section 3, the dc electric field-biased tight-binding
Hamiltonian with a defect energy harmonically chang-
ing with time is investigated. The analytical contin-
ued fraction expression for local density of states is
obtained. Through this analytical expression, further
numerical computation is given to study the influence
of the time-periodically varying impurity on the struc-

ture of local density of states by adjusting the different

parameters involved in the system.

2. Site-diagonal Green’s function
of a dc-biased tight-binding

model

Considering a superlattices under the influence of
a uniform dc-electric field, the corresponding Hamil-
tonian can be described in terms of tight-binding ap-

proximation for simplicity as follows:
Hrg =ty (In+1)(n|+|n)(n+1])

+ 3 neFd|n) (n], (5)

where |n) is the localized Wannier basis, ¢ is the hop-
ping term characterizing the energy band width in the
absence of the external field, F' being the external uni-
form electric field, d being the superlattice constant,

and —e being the electron charge.

If the quantity neF'd in the last term on the right-
hand side of the above equation is regarded as V,,, then
Green’s function formalism exhaustively explicated in
Ref.[16] can be employed to derive the single-particle

Green’s function G(n,n;e€) as follows:

G(n,n;e) =
e—V, —

G—Vn+1 —_

where € is the complex-valued energy variable.

For simplicity, we focus on the Green’s function
at site zero G(0,0;¢€). Inverting Eq.(6), and denoting

a = eFd, the following relation can be obtained:

1 t?
Goo(e)—e_ 2
€E—a — 2
€— 20 — —
t2
- 12 (7)
€+a_7t2
€+ 20 — —

By invoking the following identity associated with

1-—

the last two terms on the right-hand side of Eq.(7) can

be simplified after a tedious algebra into the following

form:
— JV* (y) €y J*V*l(y)
G 1 — ﬁil _ L rT7rv=\d] _ 9
00( ) 2w Ju(y) 2w J—u(y) ) ( )
where v = E, and y = %

Q e
Using the following iterative relationships among
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the first-kind Bessel functions:

Joer W) () + T-1(¥) 1 (y) = d%y(yﬂ)
(10a)
Jo-1(y) + Jot1(y) = %Ju(y), (10b)

Equation (9) can be simplified into the following form:
(o)
sin | —m
a
. (11)
2t 2t
0
“\ « “\ «

When 1/a — oo, we use the asymptotic Bessel func-

_ o
Gool(e) = p

tions

2 1 1
yli_}ngo J1,(y) = 4 /W_y cos (y T VT Z7r> ,  (12)

and we obtain after some algebraic manipulations that
sin(iﬂ')
a(e) =2t o . (13)

.4t €
sm(g) + cos(aw)

3. Local density of states of
dc-biased tight-binding model
with time-harmonically vary-
ing impurity
In the previous section, the Green’s function for

a tight-binding model driven by a uniform dc electric

field can be obtained directly from Eq.(6) in a stan-

dard way,!' which however does not hold true if time-
dependent electric field is involved in the system. In
fact, Moiseyev and co-workers have developed a sim-
ilar method to tackle the problem, which is so-called

U(t,t') method. As pointed out in the Introduction

of this paper, by treating time- and space-variables on

the same footing, Floquet Hamiltonian can be defined
as follows:

0
F ! / :

t) = t) —ih—. 14

HE (2, 1) = Hla, ) — 0 (14)

The Green’s function corresponding to Hamilto-

nian HF (z,t') can be written in a similar way to that

(18]

for the time-independent case!'® as follows:

G (e|lz, ', t't")

:/de,z1/1:(6|x,t')1/;n(6'\x',t”)’ (15)

e—¢

where wavefunctions ¥ (¢'|z,t) constitute a complete

set of eigenfunctions corresponding to the operator

HY(z,t). The above Floquet—Green’s function sat-
isfies the following inhomogeneous equations similar

to those for a time-independent casel']
[e — ’HF(x,t')] GF (e|x, 2';t't")
=§(z — 2")é(t — t'). (16)
Due to the time-periodicity of v} (¢'|z,t) over t,
Eq.(16) can be Fourier transformed into the follow-
ing form in spectrum space
F F F
EGa,ﬂ(x7 m’) - Ha,'y(x)G’y,ﬂ(dm? ml)
=§(z — 2')d0 g, (17)
where summation over repeated indices is always un-
derstood. Once the above matrix form is established,
the Green’s function for a harmonically driven Hamil-

tonian H = Ho + Vo + 2V; cos(wt’) can be obtained
through the introduction of effective potential Veg(E)

and straightforward algebra as follows:14
1
D(E) = , 18
g (E) [E — (Ho + Vo) — Ves (E)] (18)
where
Verr(Eg) =V5(Ep) + Vig(Ep), (19a)
1
Vig(Eg) =V - Vi, (19b)
Coi1 = Vi —W
Cgi2 — V1 TV1
' 1 .
Ver(Ep) =V1 i V1, (19¢)
Cp-1— W1 —1V1
Cs—2— V1 TV1
Cp =Ep + Bhw — (Ho + Vo)
=e + fhw — (Ho + Vo). (19d)

For simplicity, we will consider the dc-biased
tight-binding model with time-harmonically varying
impurity at site zero. In this case, Hamiltonian can

be written in the localized Wannier basis as(t°]

H = HTB + (VO + V1 COS wt) |0> <0| 5 (20)

where Vj characterizes the on-site energy of impurity
and V; is the amplitude of an external harmonically
driving electric field, which is assumed to reside at the
impurity site (n = 0 site).

Due to the special structure of Eq.(20), the def-
inition of gP(E) in Eq.(18) can be rewritten in the
following form:

. 1

g (E) T E-— Hrp — (Vo + Veff)

_ 1

- E—Hrp —[Vo + Ver(E)]|0) (0]

. (21)
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By defining the free Green’s function ¢°:

1
Ey= ———
9B = 5y

one can factorize gP(F) in terms of Dyson’s equation

(22)

as follows:
9° = 39"+ 9° (Vo + Ve (E)]]0)(0]) g°.

Iterating the above operator equation successively,

(23)

and inserting the resulting operator equation into the

980 1

T1-V(E)gl, /g3 - V(E)

9o0(E)

localized Wannier basis: bra (0|, and ket |0), the site-
diagonal Floquet-Green’s function can be deduced as

follows:[14] o
Y00

S 1-V(B)gl’
where V(E) =V + Ve (E).
Using the definition of Veg in Egs.(17a)-(17d),

one can express the gby (E) in terms of the continued

900(E) (24)

fraction as follows:

—y2
-1 ]_ 1 1
= (a0 @)~ Vo) =3V || (g0 B+1) Vo) - —
Vi
(98" (B +2) ~ Vo) — 4
I o
1
L Vi
- (980 (E-1)- Vo) - 4 1
i
(900 (E-2)- VO) -
Vi
2 ot >
== E) -V,
% (%0 ) - I
! v (gh " (B+1) Vo) = -
E
- 2 (25)
v (b0 (B=1)=Vo) — =

By comparing Eq.(20) with Eq.(6), it can be easily
identified that 9861 (E) is identical to Gy, (E) defined

in Eq.(11).
(&)
sin | —
a

The local density of states at the impurity site can be

071

900 (26)

5= 8
JE

o

calculated from the diagonal elements of the Floquet—

Green'’s function Eq.(25) through the formula,
1 .

po(E) = F—Tm (go0 (B £ 7)) , (27)

where ~ is a positive infinitesimal quantity.

4. Numerical result and discus-

sions

In order to give a clear picture of how the choice
of parameters can influence the local density of states
obtained in the previous section, we give a detailed nu-
merical analysis. We firstly study the case where no
impurity at site-0 is involved, we use the dimension-
less parameters: hopping term t being set to be unity,
and Vj
a, which characterizes the strength of the dc-biased

0. We gradually increase the parameter

field. The plots of local density of states are given in
Figs.1(a)-1(d), where parameter «/t takes the values
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of 0.01, 0.1, 1.0 and 2.0 respectively. In our numeri-
cal calculations, v = 108 unless otherwise specified.
From the figures it can be seen that the profiles of
local density of states resemble those of tight-binding
Hamiltonian in the absence of driving dc fields, when
a/t is small. In this case, weak electric field strength
just slightly modifies the contour of local density of
states, so almost no localized state appears in the weak
driving electric fields. When the strength of electric
field « increases up to the value comparable with the
hopping parameter ¢, discrete spectrum can be identi-
fied in the local density of states, which demonstrates
the appearance of the resonant localized states. With
the introduction of the external dc electric fields, the
degeneracy among electronic states from different po-
tential wells of periodic solids is lifted,['9:2%] leading to

the localized electronic states.

-6 —4 -2 0 2 4 6
pa
o)
8
=
8
g (a)
-6 -4 -2 0 2 4 6
E/t
—6 -4 -2 0 2 4 6
2
e}
H
«
=
G}
g (b)
-6 -4 -2 0 2 4 6
E/t
—6 — 0 4 6
pa
o)
8
=
8
g (<)
-6 -4 -2 0 2 4 6
E/t
-6 —4 -2 0 2 4 6
2
e}
H
«
=
g (d)
-6 -4 -2 0 2 4 6
E/t
Fig.1. The local density of states in a perfect dc-

biased superlattices.

What will happen if the time-harmonically vary-

ing impurity dwelling on the site zero is introduced?

We show the influence of impurity on the local den-
sity of states in Figs.2(a)—(c), where V] /Aw takes the
values 0.20, 2.00, and 3.00 respectively from top to
bottom. The other parameters used in this figure are
the same as those in Fig.1 except that a/hiw = t/hw is
set to be unity. From Figs.2(a)—(c), it can be clearly
seen that the introduction of the harmonically driv-
ing impurity almost leaves the local density of states
unaltered when V; /fiw is tiny; while the increase in
the ratio Vi /hw leads to the generation of the new
states between the neighbouring Wannier—Stark local-
ized gaps. That is to say, the new localized states
will appear due to the harmonically driving impurity.
This phenomenon will become more prominent, when

the strength of the harmonically driving field becomes

stronger.
-6 —4 -2 0 2 4 6
)
8
=
8
) J
. )
-6 -4 -2 0 2 4 6
E/hw
-6 —4 -2 0 2 4 6
4
3
=
8
g
-6 —4 -2 0 2 4 6
E/hw
-6 —4 -2 0 2 4 6
0
3
=
a
& WL
LV 3 WL |)
-6 —4 -2 0 2 4 6
E/hw

Fig.2. The local density of states in a dc-biased super-

lattices with a harmonically driving field at site zero.

In summary, by using the Floquet—Green’s for-
malism, we have obtained the analytical continued
fraction expression of local density of states of a dc-

biased tight-binding model with single-site impurity
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The nu-

merical analysis shows that the larger value of the

potential varying harmonically with time.

strength of the harmonically driving field will lead to
more new states emerging between the neighbouring

resonant Wannier—Stark localized states. It is notice-

able that the local density of states is closely related
to the tunnelling currents in various hybrid nanostruc-
tures, the results presented here may provide a quali-
tative way to alter the tunnelling current through the

introduction of time-dependent impurity.

References

[1] Feldmann J, Leo K, Shah J, Miller D A B and Cunning-
ham J E 1992 Phys. Rev. B 46 7252

[2] Leo K, Haring Bolivar P, Briigemann F, Schwedler R and
Kohler K 1992 Solid State Commun. 84 943

[3] Waschke C, Roskos H G, Schwedler R, Leo K and Kurz H
1993 Phys. Rev. Lett. 70 3319

[4] Tsu R and Dohler G H 1975 Phys. Rev. B 12 680

[5] Dignam M M and de Sterke C M 2002 Phys. Rev. Lett.
88 046806

[6] Zhao X G, Jahnke R and Niu Q 1995 Phys. Lett. A 202
297

[7] Holthaus M 1992 Phys. Rev. Lett. 69 351

[8] Loser F, Dignam M M, Kosevich Yu A Kohler K and Leo
K 2000 Phys. Rev. Lett. 85 4763

[9] Duan S Q, Wang Z G, Wu B Y and Zhao X G 2004 Phys.
Lett. A 320 63

[10] Zhang A Z, Zhang P, Duan S Q, Zhao X G and Liang J
Q 2001 Chin. Phys. 10 537

[11] Johnsen K and Jauho AP 1999 Phys. Rev. Lett. 83 1207

[12] Guo R M, Shi HY and Sun X D 2004 Acta Phys. Sin. 53
3487 (in Chinese)

[13] Nordstrom K B, Johnsen K Allen S J, Jauho A P, Birnir
B, Kono J, Noda T, Akiyama H and Sakaki H 1998 Phys.
Rev. Lett. 81 457

[14] Martinez D F 2003 J. Phys. A: Math. Gen. 36 9827

[15] Peskin U and Moiseyev N 1993 J. Chem. Phys. 99 4590

[16] Grosso G and Parravicini G 2000 Solid State Physics (San
Diego: Academic Press)

[17] Economou E N 1990 Green’s Function in Quantum
physics (2nd Ed.) (Berlin: Springer)

[18] Aulbur W G, Jénsson L and Wilkins J W 2000 Solid State
Phys. 54 1

[19] Emin D and Hart C F 1987 Phys. Rev. B 36 7353

[20] Wang H M and Zhang Y F 2005 Acta Phys. Sin. 54 2226




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


