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Abstract—To ensure the high performance of graphene-based
field effect transistors (GFETSs) on flexible substrates, an uniform
and manufacturable dielectric film with good electrical properties
is needed. Thus, electrical characterization of the dielectric film
on graphene on flexible substrates is very important for the
development of flexible electronics based on GFETs. Here, we
have fabricated and characterized parallel-plate capacitor test
structures consisting of 35 nm thick Al.O3 dielectric film and
with graphene as bottom electrode on polyethylene terephthalate
(PET). It was found that the leakage current density in the Al.O3
film is less than 100 ;A/cm? at 5 V, which allows for applying it
as a gate dielectric in GFETSs on flexible substrates. The extracted
dielectric constant of the Al,Os3 film is approx. 7.6, which is close
to the bulk value and confirms the good quality of the Al.O3
film. Analysis indicates that the measured loss tangent, which is
up to 0.2, is governed mainly by the dielectric loss in the AloO3
and can be associated with defects from the Al-Os film and the
Al2Os/graphene interface. Our results will be used in further
development of GFETs on flexible substrates.

Index Terms—Graphene, flexible capacitor, dielectric measure-

ment, RF measurement.

I. INTRODUCTION

Graphene, a two-dimensional sheet of carbon atoms ar-
ranged in a honeycomb lattice [1], has recently emerged as
an interesting material for flexible electronics due to superb
electrical properties, combined with chemical stability and me-
chanical flexibility [2]. Graphene-based field effect transistors
(GFETs) are one of the primary components used in electronic
circuits, which have developed rapidly in recent years [3].
In particular, GFETs have great potential for flexible and
stretchable devices due to their excellent mechanical flexibility
[4], opening up a variety of promising applications in flexible
electronics [5]. To ensure the high performance of GFETs on
flexible substrates, an uniform and manufacturable dielectric
film is needed for efficient charge injection into the graphene
channel [6] and direct reduction of impurity scattering at
the dielectric/graphene interface [7]. AloO3 is a widely used
insulating material for gate dielectric, due to its excellent
dielectric properties, strong adhesion to many materials, and
thermal and chemical stabilities. However, the properties of the
Al,Os film on graphene are very sensitive to growth conditions
[8]. Thus, techniques to characterize the electrical properties of
the dielectric film on graphene on flexible substrates are very
important for the development of flexible electronics based on
GFETs. To the best of our knowledge, no studies have been
reported on this so far. In this work, we have developed AloOg3
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capacitor test structures with graphene as bottom electrode
on flexible substrate with only one step photolithography and
characterized the electrical properties of the AlsO3 film.

II. DEVICE MODEL

Top and cross sectional views of a test structure are shown
in Fig. 1 (a) and (b). The white region in Fig. 1 (a) is where
the top metal is removed. a and b are inner electrode radius
and ring radius, respectively. The equivalent circuit of the
structure based on the parallel capacitance model [9] is shown
in Fig. 1 (c). Since the area of the outer electrode is much
larger than that of the inner electrode, the capacitance of the
outer capacitor (C,) is much larger than that of inner (C').
Similarly, both the parallel leakage resistance (Rop1) and the
parallel dielectric resistance (F,pq) of the outer capacitor are
much smaller than that of the inner. Therefore, C,, Rop1 and
Ropa are negligible. R is the series resistance of graphene.
To measure R¢ in the same conditions as the capacitance
measurement, we use the same probe to punch through the
dielectric, as shown in Fig. 1 (d). This may cause point contact
with larger contact resistance, with which we got the maximum
value of R. Iy is the parallel leakage resistance of the inner
capacitor, which can be deduced from the measurement of
leakage current. Rjpq is the parallel dielectric resistance of
the inner capacitor, which is mainly caused by the defects
from the AlyO3 film and the AlyOgs/graphene interface [10].

Based on the parallel capacitance model in ref. 9, the loss
tangent can be expressed as

(1

where tands = wCRy is the loss tangent of the series
resistance, tandip; = 1/(wCRjp1) is the loss tangent of the
parallel leakage resistance, tandipq = 1/(wCRipq) is the
loss tangent of the parallel dielectric resistance and tan dpgT
ranging from 1x107% to 5x107% is the loss tangent from
polyethylene terephthalate (PET) substrate.

tandsor = tands + tan dip) + tan dipq + tan dper.

III. DEVICE DESIGN AND FABRICATION

The graphene supplied from Graphenea Company was
grown by chemical vapor deposition (CVD) and transferred
on PET flexible substrate. The dielectric film was formed by
natural oxidation of 3 nm thick Al followed by 30 nm thick
Al,O3 deposited by e-beam evaporation. The total thickness
of Al;Og3 film (¢) is 35 nm. The top electrode layer (Ti/Au
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Fig. 1. (a) Top and (b) cross sectional view of the test structure; (c) the
equivalent electrical circuit of the test structure; (d) the cross sectional view
of the short structure.

5/100 nm) is then patterned into suitable test structures by
photolithography evaporation.

The microphoto of the test structures on PET is shown in
Fig. 2. The dark ring region on the pattern is where the top
metal is lifted off. The difference between the two capacitors
is that the left one is with graphene under the dielectric
film, while the right one is without. The ripples of the outer
electrode on the left can be associated with delamination at
graphene/PET interface due to strain caused by the large outer
electrode area. The relatively inner electrodes with smaller
area remain intact. Our previous results indicate that there is no
delamination of GFET structures with typical total dimension
within 100 x 100 pm?.

100 pm
| N—

Fig. 2. The microphoto of two test structures.

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

The leakage current of the test structures is measured using
a Keithley 2604B SourceMeter. The capacitance and loss
tangent of the test structures are measured using a HP 4285A
LCR Meter at 1 MHz frequency.

The leakage current density versus gate voltage of a test
structure is shown in Fig. 3. The leakage current is attributed
to a combination of tunneling current and charging current.
It is less than 100 pA/cm? when the gate voltage is 5 V,
which is negligible compared to drain current in GFETs and
photocurrent in terahertz detectors based on GFETs [11]. The
breakdown electric field is about 5 mV/cm, which is similar to
reported Al,O3 ALD films on silicon [12]. Thus, we can apply
the Al,O3 as gate dielectric in GFETs on flexible substrates.
As the dielectric voltage is swept from negative to positive (-7
V to 7 V) and back (7 V to -7 V), a pronounced hysteresis is

observed except for low voltages where the leakage current is
determined by the thermal noise current, which is caused by
charging current [13].

Leakage current density (A/cmz)

<

oltage (V)

Fig. 3. Leakage current density of a test structure with @ = 25 pum versus
applied voltage. The arrows denote the different sweeping directions.

The measured capacitance versus area of the inner electrode
is shown in Fig. 4. The dielectric constant can be calculated
from the measured capacitance based on the parallel-plate
capacitor model, ¢, = Ct/eyA. Here ¢, is the dielectric
constant of the dielectric film, €y is the permittivity of free-
space and A = ma® is the area of the inner electrode.
The capacitance increases linearly with the increase of inner
electrode area while the dielectric constant is stable. The
dielectric constant is approx. 7.6, which is sightly less than the
bulk Al>Oj3 dielectric constant ranging from 8 to 10 [14]. This
may be caused by the series quantum capacitance of graphene,
or the deviations of the Al;Os thickness. The result confirms
the good quality of the Al,O3 dielectric film.
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Fig. 4. Capacitance (solid symbols, left axes) and dielectric constant (open
symbols, right axes) versus area of the inner electrode. The solid line is
modeled capacitance curve with €, = 7.6. The dash line is ¢, = 7.6.

The tan dy. in the gate dielectric of GFETs is correlated to
the carrier mobility in graphene. The carrier mobility increases
sharply with the decrease of tandyo¢ [15]. The measured
tan dyo¢, simulated tan ds and tan d;p; versus area of the inner
electrode are shown in Fig. 5, in which tan dpg is negligible.
tan d; is calculated with the capacitance density and Rs being
200 pF/cm? and 1000 €2, respectively. Similarly, tan dip1 is
calculated when capacitance density is 200 pF/cm? and the
parallel leakage resistance density is 1x10° Q /cm?. tand,
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increases with the increase of the inner electrode area, while
tandip; is constant. However, both tands and tandi, are
much less than tan dio;. SO tandyy is governed mainly by
the dielectric loss in AlsO3 and can be associate with defects
from the Al;Og film and the Al,O3/graphene interface. Futher
optimization of the Al,O3 technology may greatly decrease the
tan d4»; and thus increase the carrier mobility.

Loss Tangent
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Fig. 5. The measured tan dtot (symbols) and simulated tan ds (solid line)
and tan djp,) (dash line) versus area of the inner electrode.

Furthermore, we have fabricated GFETs with Al,Os as
gate dielectric with the growth processes as mentioned above
on PET substrate. The loss tangent of GFETs was calculat-
ed using the reflective coefficient measured by an Agilent
N5230A vector network analyzer without drain bias [9]. The
measured loss tangent of a GFET versus frequency is shown
in Fig. 6. The linear increase of measured loss tangent with
the increase in frequency indicates that the series resistance
dominates measured loss tangent. The series resistance con-
sists of the access resistance and the metal/graphene contact
resistance. Thus, a possible path to improve performance of
high frequency GFETs is to reduce the series resistance based
on perfecting the design and fabrication process. The series
resistance can be extracted from the real part of the measured
input impedance [9]. Hence, the corresponding loss tangent of
series resistance can be subtracted from the total loss tangent.
The de-embedded loss tangent is shown in Fig. 6. As the loss
from the PET substrate is negligible, the de-embedded loss
tangent represents the dielectric loss in the AlsOg film. The
maximum in the frequency dependence of the de-embedded
loss tangent can be explained by relaxation of the polarization
associated with defects.

V. CONCLUSION

In conclusion, the electrical properties of AlyO3 gate dielec-
tric has been characterized based on parallel-plate capacitor
test structures consisting of 35 nm thick Al,O3 and graphene
as bottom electrode on PET. The results show that the leakage
current density in AlyOs is less than 100 pA/cm? at 5 V
and the dielectric constant of the Al,O3 film is approx. 7.6.
This confirms the good quality of the dielectric and allows
for applying it as a gate dielectric in GFETs on flexible
substrates. The loss tangent of the Al,Os film is governed
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Fig. 6. Measured (solid line, left axes) and de-embedded (dotted line, right
axes) loss tangents of a GFET with 1.2 um gate length versus frequency.

mainly by the loss from defects. Our work will allow better
understanding and promote further development of GFETs on
flexible substrates.

ACKNOWLEDGMENT

This work was supported in part by the EU Graphene
Flagship, in part by the Swedish Foundation of Strategic
Research (SSF), and in part by the Knut and Alice Wallenberg
Foundation (KAW).

REFERENCES

[1] K. S. Novoselov, A. K. Geim, S. Morozov, D. Jiang, Y. Zhang,
S. Dubonos, , I. Grigorieva, and A. Firsov, “Electric field effect in
atomically thin carbon films,” Science, vol. 306, no. 5696, pp. 666-669,
2004.

[2] G. Eda, G. Fanchini, and M. Chhowalla, “Large-area ultrathin films of
reduced graphene oxide as a transparent and flexible electronic material,”
Nature nanotechnology, vol. 3, no. 5, pp. 270-274, 2008.

[3] F. Schwierz, “Graphene transistors,” Nature nanotechnology, vol. 5,
no. 7, pp. 487-496, 2010.

[4] B.J. Kim, H. Jang, S.-K. Lee, B. H. Hong, J.-H. Ahn, and J. H. Cho,
“High-performance flexible graphene field effect transistors with ion gel
gate dielectrics,” Nano letters, vol. 10, no. 9, pp. 3464-3466, 2010.

[5] Y. Liang, X. Liang, Z. Zhang, W. Li, X. Huo, and L. Peng, “High
mobility flexible graphene field-effect transistors and ambipolar radio-
frequency circuits,” Nanoscale, vol. 7, no. 25, pp. 10954-10962, 2015.

[6] A. Javey, H. Kim, M. Brink, Q. Wang, A. Ural, J. Guo, P. McIntyre,
P. McEuen, M. Lundstrom, and H. Dai, “High-x dielectrics for advanced
carbon-nanotube transistors and logic gates,” Nature materials, vol. 1,
no. 4, pp. 241-246, 2002.

[7]1 C.Jang, S. Adam, J.-H. Chen, E. Williams, S. D. Sarma, and M. Fuhrer,
“Tuning the effective fine structure constant in graphene: opposing
effects of dielectric screening on short-and long-range potential scat-
tering,” Physical review letters, vol. 101, no. 14, p. 146805, 2008.

[8] H. Lin, P. Ye, and G. Wilk, “Leakage current and breakdown electric-
field studies on ultrathin atomic-layer-deposited al203 on gaas,” Applied
physics letters, vol. 87, no. 18, p. 182904, 2005.

[91 A. Vorobiev, S. Gevorgian, M. Loffler, and E. Olsson, “Correlations

between microstructure and g-factor of tunable thin film bulk acoustic

wave resonators,” Journal of Applied Physics, vol. 110, no. 5, p. 054102,

2011.

A. K. Jonscher, Universal relaxation law: a sequel to Dielectric relax-

ation in solids. Chelsea Dielectrics Press, 1996.

L. Vicarelli, M. Vitiello, D. Coquillat, A. Lombardo, A. Ferrari, W. K-

nap, M. Polini, V. Pellegrini, and A. Tredicucci, “Graphene field-effect

transistors as room-temperature terahertz detectors,” Nature materials,

vol. 11, no. 10, pp. 865-871, 2012.

[10]

[11]



2016 Global Symposium on Millimeter Waves (GSMM) & ESA Workshop on Millimetre-Wave Technology and Applications

[12] M. Groner, J. Elam, F. Fabreguette, and S. M. George, “Electrical
characterization of thin al 2 o 3 films grown by atomic layer deposition
on silicon and various metal substrates,” Thin Solid Films, vol. 413,
no. 1, pp. 186-197, 2002.

[13] H. Wang, Y. Wu, C. Cong, J. Shang, and T. Yu, “Hysteresis of electronic
transport in graphene transistors,” ACS nano, vol. 4, no. 12, pp. 7221-
7228, 2010.

[14] R. Singh and R. Ulrich, “High and low dielectric constant materials,”
Electrochemical Society Interface, vol. 8, no. 2, pp. 26-30, 1999.

[15] S. Bidmeshkipour, A. Vorobiev, M. Andersson, A. Kompany, and
J. Stake, “Effect of ferroelectric substrate on carrier mobility in graphene
field-effect transistors,” Applied Physics Letters, vol. 107, no. 17, p.
173106, 2015.




<<
  /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 1.4
  /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


