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Based on the investigation of the influence of temperatures on parameters, including polarization, electron mobility,

thermal conductivity, and conduction band discontinuity at the interface between AlGaN and GaN, the temperature
dependence of transconductance for AlGaN/GaN heterojunction field effect transistors (HFETs) has been obtained

by using a quasi-two-dimensional approach, and the calculated results are in good agreement with the experimental

data. The reduction in transconductance at high temperatures is primarily due to the decrease in electron mobility

in the channel. Calculations also demonstrate that the self-heating effect becomes serious as environment temperature

increases.
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1. Introduction

Due to superior material properties, many pro-
totype AlGaN/GaN heterojunction field effect tran-
sistors (HFETs) have been successfully fabricated
for applications in high-power and high-frequency
application.! 3 These devices are excellent candi-
dates for the next generation of high-power microwave
system. However, under large static drain bias, the
high-power operation of AlGaN/GaN HFETs may re-
sult in high junction temperature. This effect has been
reported to be of great influence on the static charac-
teristics and is commonly referred to as “self-heating”.
It causes a reduction in electron mobility and drift ve-
locity, thus degrading the device performance, or even
damaging the device itself.[*5 Particularly, when the
device works in a high-temperature environment, its
self-heating becomes more serious. To reduce the self-
heating effect, a reasonably accurate estimation of the
channel temperature is often desired. In this paper,
a quasi-two-dimensional approach is adopted to cal-

culate the transconductance at different temperatures

by analysing the influence of self-heating on some im-
portant factors. The proposed model is valuable for
predicting and evaluating the performance of devices

with different structures and packages.
2.Model description

2.1. The electron density distribution

In order to investigate the operational mecha-
nisms of Al1GaN/GaN HFETs, Schrddinger’s equation
is used in a self-consistent approach coupled with Pois-
son’s equation.l’! The potential V is obtained from
Poisson’s equation with an initial guess of the mobile
charge density, and then inserted into Schrédinger’s
equation to obtain the energy levels and wave func-
tion of the quantum well. The new electron density is
then calculated according to Fermi statistics. The cal-
culated electron density is then inserted into Poisson’s
equation again, and such an iteration is repeated until
the convergence is achieved. In the iteration the de-

pendence of some important parameters on Al compo-
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sition and temperature should be taken into account.
a) Band gap The temperature dependence of
the band gap E, (T) refers tol]

Be(T) = Bo(0) - 75 1)

where E (0) is the energy gap at OK and « is an em-
pirical constant, (3 is also a constant, but related with
the Debye temperature in some case. For GaN « and
(8 are —1.08meV /K, 745K["l and for AIN —1.80meV /K,
1462K[®! respectively. Van Schilfgaarde found that the
band gap of Al,Ga;_,N was

EglGaN (T, :E)
AIN GaN
=B, (T)+ (1 —z) B (T) —bx (1 —z), (2)
where b is a bowing parameter and its value is 0.6,]
x is mole fraction of Al. The conduction band discon-

tinuity AFE. at the heterointerface is a principal pa-

rameter to determine the density of two-dimensional

electron gas. It can be defined as(!°]

AE, =0.70 (E}'9*N (T, z) — EZ*N(T)).  (3)

Table 1. The values

b) Electron mobility A simple analytical ap-
proximation, which is recently employed successfully

for silicon carbide, is used to analyse the low-field mo-

bility in GaN

Hi (Na T) = Mmax,i (TO)

where

Ng,i K
Mmin,i + HMmax,i N
B;(N) = ,

Mmax,i — Hmin,:

T=To

i=n or p denotes electron or hole respectively, N is
the doping concentration, and T;=300K. The values
of model parameters fimax,is fmin,is Ng,i, ¥, 6 and £ are
cited from Ref.[11] and listed in Table 1.

of the parameters.

Hmax,i/(cmz/v-s) Hmin,i /(Cm2/V'S)

Ngvi/cm_?’ ¥ ) ¢

1000 55

2 x 1017 1.0 2.0 0.7

c) Spontaneous and piezoelectric polariza-
tion The good agreement between the theoretical
values and experimental measurements of the sheet
carrier concentration versus Al composition is ob-
tained when the nonlinear formulation of the polar-
ization is applied.['?] The spontaneous polarization of

Al,.Ga;_.N is given to second order of z by[lg]

Plaan(z) =(—0.090z — 0.034 (1 — z)
+0.021z (1 — 2))C/m*. (5)

Although the spontaneous polarization is very strong
in group III nitrides, the pyroelectric coefficients to
describe the change of the spontaneous polarization

with temperature are measured to be surprisingly

We take the recent data and obtain % =

dpP

7.5uC/(K - m?) % for AIN and — ~ 10*V/mK[4
€

for GaN, here ¢ is the static dielectric permittivity.

small.

The nonlinear form of piezoelectric polarization is

used and its magnitude can be determined by!'3]

PAplzGaN/GaN (x)

= (—0.0525z + 0.0282z (1 — 2))C/m?.  (6)

As we know, there have been no reports on the temper-
ature dependence of piezoelectric polarization. The
temperature dependence of piezoelectric polarization
is neglected in our simulation since it is expected to
be very small as indicated in spontaneous polarization.
The total polarization is the sum of the spontaneous
polarization and the piezoelectric polarization. For
GaN, a value of 70.029C/m2 is used as its sponta-

neous polarization at room temperature.[ls]

2.2. Current model including self-heating

A quasi-two-dimensional model is utilized for cal-
culating I —V characteristics of AlGaN/GaN HFETs,
using an exact value of sheet charge density of
the channel, which is obtained from the solution
of Schrédinger’s and Poisson’s equations presented
above. The device structure is shown in Fig.1 where
the x-axis is the direction along the channel, V,, is the
voltage in x direction, and the z-axis is perpendicu-
lar to the channel. When a drain bias is applied, the

sheet electron charge density is determined by

ng (V) = /n(Vz,z) dz. (7)
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Neglecting the diffusion component, the drain line cur-

rent density Iy is
Iys = —qWo (E) ng (z) . (8)

Here W is the width of the gate, v (E) is the mean

electron velocity that can be expressed by

v(B) = M ©)

14 —
+EC

where po is the low field mobility, E. is the critical

electric field and E, = 2

, and v, is the saturation
Ho

velocity. 16!

source gate drain

| 1 ] |
AlGaN 5nm

n-AlGaN 10nm

AlGaN 5nm

GaN 3000 nm

AIN 40nm

sapphire substrate

2

Fig.1. Structure of the HFET with Al mole fraction
of 0.3.

The numerical solution is based on the discretiza-
tion of Eq.(8) by dividing the channel length into N
sections, each with a length of h, so that Nh = L,.
Let V; and V;_; denote the potentials across the ith
section. Therefore V; = V;_1 + E;h, where F; is the
horizontal electric field in the ¢th section. By perform-
ing iterative calculation for all the IV sections, we can
obtain the value of the voltage V4 across the channel
that corresponds to an assumed current I45. Parasitic
components are included explicitly in terms of the val-
ues of the drain and source resistivity (Rq and Ry), so
the voltage V3, between the source and the drain is
given by

Vas = Va + (Ra + Rs) Las. (10)

In the calculation the self-heating effect is taken
into account as follows. The temperature difference
between the channel and the bottom of the substrate
(AT = Tipannel — Teub) is given byt

Pdiss !
1—(1-—
AT 4P,

Tsub B 1 Pdiss 4
4P,

where Tehannel 18 the channel temperature and Ty, is
the temperature of the substrate bottom. Py is re-
ferred to as a characterization quantity with the di-

mension of power

K (Tsub) WTsub
8tsub ’
1
: < mLg >

where Pyiss = I4sVys is the power dissipation, K (Tsup)

Py = (12)

is the thermal conductivity, tg,, is the thickness of
substrate, and L, is the length of the gate.

An initial value of Vy, is evaluated for a given I4s,
then AT and other parameters at this temperature are
calculated from Egs.(1)—(6).

for a certain range of Iy, the corresponding values

Repeating similar steps

of Vg5 and the I — V characteristics of the device are

achieved.

In addition, the following two assumptions are ap-
plied:

(a) The device structure includes two parts: the
epitaxial layers and the substrate. In each part, the

temperature changes smoothly.

(b) The bottom temperature of the substrate Ty,

changes linearly with the dissipated power:
Tsub = Ten + )\Pdissa (13)

where X is an empirical parameter corresponding to
the thermal resistance of the package, and T, is the

environment temperature.
3. Simulation results and discus-
sion
An Al,Ga;_,N /GaN HFET with L, = 1.3um
and W = 100um is used to verify our model. The de-
vice is composed of Al,Ga;_,N (5nm) /n- Al,Ga;_,N

(10nm) / Al,Ga;_,N (5nm) / GaN (3000nm) / AIN
(40nm) and sapphire substrate, as shown in Fig.1.[18]

A Schottky barrier height of ¢yp = 1.3z +
0.85e V19l is used for the Ni/Au-Al,Ga; N interface,
and the effective mass is 0.19 for electron in both GaN
and Al,Ga;_,N layers and static dielectric constant
g, = 9.7 — 1.22.129] The saturation rate is derived by
fitting the results of Monte Carlo simulation and its
value is 2.87 x 107cm/s.121

The temperature difference AT between the chan-
nel and the bottom of the substrate is obtained from
Eqgs.(11) and (12). The values of AT are 93K, 119K



No.3

Numerical simulation of transconductance of AlGaN/GaN heterojunction ... 639

and 127K when the environment temperatures T, are
296K, 376K and 460K respectively after drain current
becomes saturated at a gate voltage of OV. It can be
seen that AT becomes great as T, increases.

The electron mobility in the channel changes dras-
tically from 485cm?/V-s to 243cm?/V's, i.e. it de-
creases by about 50%, when environment temperature
increases from 296K to 460K. Band offset and the sat-
uration rate are weakly dependent on temperature.
Their values are almost constant while the temper-
ature increases. Although the spontaneous polariza-
tion is very strong in group III nitrides, the change
of the spontaneous polarization with temperature is
only 0.62% and 1.23% for GaN and Al,Ga;_,N re-
spectively due to the pyroelectric coefficients being
measured to be very small. The drain and source re-
sistances should be the same as ohmic contact resis-
tance. An ohmic contact resistivity of about 2Q2-mm
is adopted in order to accord with the measured value
of the device.[??!

0.5 v v v v v v T
296K
04F Vg=9V 4
376K
)
g 03r 460K
~
2
S 02f :
W3
0.1F b
0.0 2 2 2 1 A 2
-3 -2 -1 0 1 2
Ve/V

Fig.2. Drain current I45 as a function of gate voltage

Vg at different temperatures.

Drain current as a function of gate voltage at
different temperatures is shown in Fig.2. Figure 3
presents a comparison of transconductance between
calculations and measurements. Their good agree-
ment is achieved. This implies that the present model
is reasonable. The value of A is about 5K/W. From
Fig.3 we can immediately notice that the transconduc-
tance of the device depends strongly on temperature.
The increase in temperature reduces the electron mo-
bility and the electron density in the channel; conse-
quently less transconductance is caused. So tempera-
ture is a main external factor to dominate transcon-
ductance when the dimension of device is fixed. The
maximum transconductance of the device deceases
drastically from 110mS/mm to 72mS/mm ie. by

about 34.5% while temperature increases from 296K

to 460K. This demonstrates that degradation of device

performance happens at higher temperatures.

120 } -
sSugy ]
) S
—_— . Y YV 4
E sot 4 296K 4
= .0000000 .
uE; 60k .Am3761{ i
L)
< R 460K
& a0 * 1
20 L
0 A Y Y 1 A 1
-4 - -2 -1 1 2 3

Ve/V

Fig.3. Comparison of transconductance gm, between
experimental data (symbols) and simulation results
(line) at different temperatures. The measurements
are cited from Ref.[18].

In the simulation, the influence of temperature on
the bulk resistance in the active area and the piezo-
electric polarization at the heterointerface between Al-
GaN and GaN is neglected. In fact increasing temper-
ature may increase the bulk resistance and reinforce
the piezoelectric effects and then make the value of
sheet charge density ng increase. Thus there appears

a deviation between measurements and calculations.
4. Conclusions

AlGaN/GaN HFETs have been investigated by
self-consistent schemes. The profound influence
of temperature on polarization, electron mobility,
thermal conductivity, conduction band discontinu-
ity at the interface between AlGaN and GalN has
been shown. The drain current characteristics and
transconductance at different temperatures have been
obtained by using a quasi-two-dimensional approach
and compared with the experimental data. Desirable
agreement is achieved. In spite of the good ther-
mal conductivity of the sapphire material, the large
power dissipation in AlGaN/GaN HFETSs leads to a
considerable difference in temperature between the
channel and the bottom of the substrate.

tion demonstrates that the temperature difference be-

Calcula-

comes great when environment temperature is rela-
tively high. This phenomenon leads to the substantial
lowering of transconductance of device. Also we can
see from the presented study that this degradation of
device performance is primarily due to the decreas-
ing of electron mobility in channel when temperature

increases.



640

Chang Yuan-Cheng et al

Vol. 15

References

(1]

(2]
(3]

[4]

(5]

(10]

(11]

Kuliev A, Kumar V, Schwindt R, Selvanathan D, Dabiran
A M, Chow P and Adesida I 2003 Solid-State Electron. 47
117

Mishra U K, Parikh P and Wu Y F 2002 Proc. IEEE 90
1022

Javorka P, Alam A, Wolter M, Fox A, Marso M, Heuken
M, Luth H and Kordos P 2002 IEEE Electron Device Lett.
23 4

Jeong P, Moo W S and Lee C C 2004 IEEE Trans. Elec-
tron Dewvice 51 1753

Nuttinck S, Wangner B K, Banerjee B, Venkataraman S,
Gebara E, Laskar J and Harris H M 2003 IEEE Trans.
Microwave Theory and Techniques 51 2445

Zhang J F, Zhang J C and Hao Y 2004 Chin. Phys. 13
1334

Teisseyre H, Perlin P, Suski T, Pietraszko A and Mous-
takas T D 1994 J. Appl. Phys. 76 2429

Guo Q X and Yoshida A 1994 Jpn. J. Appl. Phys. 33 2453
Sher A, Van Schilfgaarde M, Berding M A, Krishnamurthy
S and Chen A B 1999 MRS Internet J. Nitride Semicond.
Res. 4S1 G 5.1

Martin G, Botchkarev A, Rockett A and Morkoc H 1996
Appl. Phys. Lett. 68 2541

Mnatsakanov T T, Levinshtein M E, Pomortseva L I,
Yurkov S N, Simin G S and Khan M A 2003 Solid State
Electron. 47 111

(12]

(13]

[14]

[15]

[16]
[17]
(18]

[19]

[20]
21]

(22]

Kong Y C, Zheng Y D and Zhu R M 2003 Chin. Phys. 52
1756

Ambacher O, Majewski J, Miskys C, Link A, Hermann
M, Eickhoff M, Stutzmann M, Bernardini F, Fiorentini V,
Tilak V, Schaff B and Eastman L F 2002 J. Phys. Con-
dens. Matter 14 3399

Shur M S, Bykhovski A D and Gaska R 1999 MRS Inter-
net J. Nitride Semicond. Res. 4S1 G1.6

Kong Y C, Zheng Y D, Zhou C H, Deng Y Z, Gu S L,
Shen B, Zhang R, Han P, Jiang R L and Shi Y 2004 Acta
Phys. Sin. 53 2320

Sacconi F, Carlo A D, Lugli P and Morkoc H 2001 IEEE
Trans. Electron Device 48 450

Canfield P C, Lam S C F and Allstot D J 1990 IEEFE J.
Solid-State Circuits 25 299

Akita M, Kishimoto K and Mizutani T 2001 Phys. Stat.
Sol. (a) 188 207

Ambacher O, Foutz B, Smart J, Shealy J R, Weimann N
G, Chu K, Murphy M, Sierakowski A J, Schaff W J, East-
man L F, Dimitrov R, Mitchell A and Stutzmann M 2000
J. Appl. Phys. 87 334

Freeman J C 2004 Microwave Symposium Digest IEEE
MTT-S International 3 2031

Gabriela E B, Dunham S T and Moustakas T D 1999 MRS
Internet J. Nitride Semicond. Res. 4S1 G6.41

Akita M, Kishimoto S and Mizutani T 2001 IEEE Elec-
tron Device Lett. 22 376




<<
  /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


