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Abstract—A fully differential 144GHz CMOS amplifier has been
demonstrated in 65nm CMOS. It validates a maximum 20dB
power gain and has positive gain over 38GHz frequency range
from 126GHz to 164GHz. With stacking circuit architecture, the
amplifier can tolerate up to 2V supply without reliability
concern. It also delivers over 5.7dBm saturated output power
with P1dB of 5dBm under a 2V supply. The amplifier features a
3-stage common-source cascode architecture with on-chip inter-
stage matching. The chip occupies 0.05 mm’ area and draws
39mA and 51mA from 1.4V and 2V supplies respectively. To our
best knowledge, this amplifier achieves the highest power gain
for CMOS amplifier beyond 100GHz and paves the way for D-
band radar and passive imaging system applications.

1. INTRODUCTION

CMOS technology has been widely used for various RF
applications, such as cellular phone, WLAN, and Bluetooth,
due to its super integration scale and powerful on-chip digital
signal processing capability. It has become a dominant driver
in monolithic integration circuits and systems today in
addition to its already overwhelming presence in computing
and microcontroller applications. CMOS technology continues
to push the frontier to integrate more and more sophisticated
functions into a single die for miniature systems under space,
weight and power (SWaP) constrained environments.

Recent CMOS technology advancements are enabling the
integration of high frequency applications like HDMI, WLAN
and WPAN communications in 60GHz band or beyond.
Several V band CMOS transceivers have been successfully
demonstrated [1][2] and proved the CMOS millimeter wave
(mm-Wave) feasibility. With digital assisted design
methodology and on-chip self-healing algorithm, CMOS
technology could deliver high performance mm-Wave system
as good as the more expensive III-V counterpart.

Mm-Wave amplifier is one of the most critical and
challenging blocks inside the transceiver, which serves as low
noise amplifier of receiver to pick up the small input signal
and power amplifier of transmitter to produce large enough
output power. Disregarding constrains of slow transistors and
losses of the integrated passive components in CMOS, a
150GHz amplifier with 8dB gain and 27GHz bandwidth has
been demonstrated in 65nm CMOS by using dummy prefilled
micro-strip lines [3]. It uses simple matching topologies
together with optimized transistor to push the operation
frequency limit. Reference [4] reports a six stage 140GHz
amplifiers in 65nm CMOS, which achieves maximum 9dB

978-1-4244-8298-6/10/$26.00 ®2010 IEEE

gain with 1.2V supply. All reported amplifiers beyond
100GHz [3],[4],[5] nonetheless had low gain (<10dB) and
utilizes single ended architecture, which would hinder their
application in communication and imaging systems that
request a sufficiently high gain to boost the receiver
sensitivity, and prevent themselves from integration into a
single chip system owing to its susceptibility to supply/ground
spurious and substrate coupling.

To meet the system gain requirement and be immune from
common mode noise, we developed a fully differential CMOS
amplifier around 144GHz. Besides amplifier design, we will
also discuss device size/layout optimization and inter-stage
matching with measurement results.

II.  AMPLIFIER DESIGN

A.  Mm-Wave CMOS Device

Although 65nm CMOS could offer higher than
200GHz/230GHz fr and fyax, the Silicon Foundry does not
support the corresponding device model. It is because the
actual device performance is highly layout dependent. In
particular, the extrinsic parasitics, such as gate/source/drain
resistance, substrate resistance and coupling capacitors among
them, ultimately determine the maximum achievable gain. The
MOS fr and fyjax can be simply summarized as:
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where C, is the total capacitance of gate, R, is gate
resistance and C,q is the gate-drain capacitance. To reduce the
gate resistance, a multi-finger structure has been adopted for
wide gate width, thus providing a high trans-conductance (g,).
It not only boosts the f., but also significantly improves
noise figure. However, the gate to substrate capacitance
increases as the finger number increases given a fixed device
width, which in turn degrades fr. Double gate connection is
used to further reduce the series gate resistance. However, it
inevitably increases the gate capacitance due to induced
coupling, which becomes more severe when the operation
frequency is higher than 100GHz. To trade off the
performance, 0.6um finger width has been chosen in this
amplifier with single end gate connection; it not only provides
relatively small gate serial resistance and capacitance, but also
allows area efficient connection that offers low resistance
source/drain tie.



The device metal connections also significantly affect the
device performance. The wiring style of RF device supported
by the Foundry might not be best optimized due to its large
gate connection resistance and excessive coupling capacitance
between gate and drain that contributes to parasitic Miller
capacitors, as shown in Fig. 1(a). Given wide signal wiring
inside mm-wave amplifier, a new device access using single
gate connection illustrated by Fig. 1(b) might render better
performance by offering smaller gate resistance through
paralleling and minimized gate drain capacitance.
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Figure 1. MOS device connection (a) RF device provided by Foundry, (b)
device layout design in this amplifier

The existing BSIM3V4 model dedicated to lower
frequency (<30GHz) operation supported by foundry cannot
be directly applied to mm-Wave amplifier design. An
improved model equipped with extrinsic parasitics like serial
resistors, coupling capacitors, substrate capacitors and access
line effects is used to facilitate the design as shown in Fig.
2(a). Rg, Rp, and Rg stand for the serial resistors to gate,
source and drain introduced by the connection; Cgs, Cgp, Cps
are coupling capacitors and the transmission lines embody the
access line effects which incorporate both resistive/capacitive
and magnetic effects. Practically, it is hard to model these
parasitics into lump fashion, so the powerful EDA tools are
necessary to assist the procedure. A core device is extracted
through Caliber RCX to form a model core consisting of
transistor, poly connection resistors and coupling capacitors;
then the metal wirings are simulated with EM tools to cover
the access line effects. The ultimate mm-wave device model is
formed by these two parts, as depicted in Fig. 2(b).
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Figure 2. (a) Mm-wave MOS device model, (b) Caliber RCX extracts rcc
model of the device core and access lines are simulated by EM tools

B. Transformer and Maganetic Couppling

Inter-stage matching is critical to amplifier performance.
Microstrip line and coplanar line matching networks are
widely used due to their less sensitive parameters. Although
they are frequently used at mm-Wave frequency range, they
tend to occupy larger chip area with a ~250um quarter
wavelength at this frequency compared with the lumped
element approaches. Lumped element impedance matching
using inductors delivers most compact implementation, which
has been validated in 60GHz and 77GHz transceiver design.
But with the increased frequency, the long inter-connections
between stages, mandated by the inductor size, becomes
significant. It has to be incorporated into design and requests
careful modeling. Moreover this connection forms a serial
stub that might transfer the load into unwanted impedance
which could not be matched by practical on-chip inductors.

DC blocking is another serious issue related to inter-stage
matching networks to allow individual gate and drain biasing.
Non-cascode structure amplifier may live with same gate and
drain bias situation. However, it limits the amplifier supply
voltage, sacrifices linearity performance and requires a
complicated supply network that would deteriorate amplifier
power efficiency. Cascode amplifier architecture is used to
decrease inter-stage Miller capacitance and boost stability,
which is hostile to the identical bias voltage for both drain and
gate, then necessitates DC blocking. However, DC blocking
capacitor between stages inevitably decreases the amplifier
maximum achievable gain and complicates the physical
design.

Transformer has been used in radio frequency circuits in
early days of telegraphy to couple the power from one
winding to the other without significant loss. Because the
transformer blocks the direct current flow, it provides the
flexibility to the windings biased at different potentials. Fig. 3
depicts on-chip transformer design and its associated model. It
has several prominent characteristics: first, innate DC
blocking function; second, flexible voltage/current gain by
adjusting the winding turn ratio; third, natural inter-stage T
matching network; fourth physically spanned input and output
signals that forms necessary space for isolation, which
eliminates  extra  undesired  wiring and  support
symmetrical/compact physical design.
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Figure 3. Monolithic Transformer (a) layout and (b) model
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With higher operation frequency, the magnetic component
quality improves as does the coupling strength between the
transformer windings. For example, a well designed inductor
only has quality factor Q up tol5 at lower GHz frequencies,
but the Q could be over 30 at above 120GHz frequency range.



It indicates the effectiveness of magnetic coupling in mm-
Wave frequencies. In this amplifier design, monolithic
transformers have been used as inter-stage matching network
extensively to achieve a compact and efficient realization.
However, an accurate model is mandatory to ensure the design
accuracy for high performance.

C. 144GHz Amplifier

The receiver low noise amplifier serves as the first
amplification stage that is susceptible to noises. System-on-a-
chip (SoC) requires high supply rejection ratio and common
mode rejection to mitigate the coupling from supply and
substrate for high signal Signal-to-Noise Ratio (SNR). In
transmitter side, the pre-amplifier also needs to obtain low
spurious generation that could contaminate other -circuit
blocks in one common integrated substrate. To ensure these, a
fully differential architecture is preferred. Fig. 4 sketches the
schematic of the proposed differential amplifier.
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Figure 4. 144GHz fully differential CMOS amplifier schematic

It features three-stage amplification and adopts fully
differential, common source cascode structure. Two
transformers, T1 and T2, serve as inter-stage matching
networks. The amplifier has single ended input and output to
facilitate testing. An on-chip balun not only transfers the input
single ended signal to differential signals to feed the amplifier,
but also serves as matching network for 50ohm. The output is
processed similarly. The amplifier can also be used as fully
differential arrangement by simply converting the input/output
baluns into normal transformers. Each stage’s gate and drain
biases are set through the transformer/balun center taps
separately for independent optimization.

Cascode structure isolates the amplifier output from the
input, which alleviates the Miller effect and stabilizes the
design. However, the associated parasitic capacitors at the
middle cascode node establish a low impedance node and
greatly reduce the maximum achievable gain of each stage.
These capacitors are mainly composed of Cgp of amplification
device and Cgg of cascode device. To mitigate the effect, a
serial transmission line stub is inserted between them to form
a wide band inter-stage PI matching network, as shown in Fig.
4. It not only improves the amplifier gain profile, but also
broadens the bandwidth that is a key spec for passive imaging
application. The amplifier also uses an independent substrate
bias for the cascode devices so as to tolerate as high as 2V
supply voltage without degrading reliability.

III. PHYSICAL DESIGN AND FABRICATION

To mm-Wave amplifier, physical design is critical and
determines the ultimate performance. We place the amplifier
stages based upon signal stream and cascade them in identical
sequence, as the schematic shown in Fig. 4. With this
approach, it ensures minimum parasitics and realizes well
matched symmetrical design; uniformed and structured design

style simplifies the physical design and improves passive
component modeling accuracy, which greatly reduces design
iterations. Fig. 5 shows the die photo of this 144GHz fully
differential CMOS amplifier. It is fabricated in 65nm CMOS
technology and the amplifier core occupies 0.1X0.5mm’. The
die area is about 0.21mm’ including PADs. To eliminate
excessive parasitics, the input/output PADs only utilize top
metal and they are incorporated into input and output
matching network during design phase. There is no extra ESD
protection in the input/output and still achieves very good
ESD performance because the baluns isolate the active
devices.

0.33mm

0.63mm

Figure 5. 144GHz CMOS amplifier die photo

IV. MEASUREMENT RESULTS

The amplifier performance characterization in such high
frequency is a major challenge due to delicacy of the setup and
lack of instruments. Fig. 6 shows our measurement setup. It
uses a frequency multiplier chain to generate 140GHz signals
and a power sensor to detect signal strength. A linearly
adjustable attenuator is used to sweep the input power.

Figure 6. Measurement setup

Fig. 7 shows the measured output power versus input
signal taking into account the setup loss. It confirms 18.05dB



amplifier gain and over 5.7dBm Psat and OP1dB at 154.4
GHz under 2V supply. The S-parameters are measured
through a D band VNA, the results are shown in Fig. 8 and
Fig. 9. The amplifier demonstrates 3dB lower gain when
biased under 1.4V supply compared with 2V supply and
shows consistent measurement results. It draws 39mA and
5ImA from 14V and 2V supply, respectively. The
measurement matches with simulation with 4dB gain
difference, which validates the device modeling and design
methodology. Table I summarizes the amplifier performance
and supports the comparison with most recent CMOS
amplifiers. This amplifier demonstrates highest gain with fully
differential implementation.
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Figure 7. Measured amplifier large signal characteristics
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Figure 9. Measured S parameters under 2V supply

TABLEL  PERFORMANCE SUMMARY AND COMPARISON

This work [3] [4] [5]
Architecture Differential Single End Single End Single End
No. of Stages 3 3 6 3
Technology 65nm CMOS | 65nm CMOS | 65nm CMOS | 90nm CMOS
Center Frequency (GHz) 144 150 140 103.8

33GHz >
3dB BW (GHz) 10dB Gain 27 10 5
Gain (dB) 20.6 8.2 8 9.34
Psat (dBm) >5.7 6.3 >-1.8 N/A
P1dB (dBm) 5 1.5 -5 N/A
S11 (dB) -24 -74 N/A -9.8
S22 (dB) -15 -13.6 N/A -5.5

. 54.6@1.4V

Power Consumption (mW) 102@2V 25.5 63 22
Core Area (mm2) 0.05 0.16 0.06 0.24

V. CONCLUSTIONS

A fully differential 144GHz amplifier with 20dB gain and
33GHz amplification bandwidth (with >10dB gain) has been
successfully demonstrated in 65nm CMOS. It draws 51mA
from a 2V supply and occupies compact 0.05mm” die area. To
the author’s best knowledge, it is the highest gain amplifier
ever achieved at higher than 100GHz by using CMOS
technology and sets the foundation for future CMOS
implementations of communication, radar and passive
imaging systems in D-band frequency spectra.

ACKNOWLEDGMENT

The authors would like to acknowledge TSMC for chip
fabrication and HRL laboratories for measurement support,
particularly Hooman Kazemi, Michael Wetzel and Chuck
McGuire.

REFERENCES

[1] C. Marcu et al, “A 90nm CMOS low-power 60GHz transceiver with
integrated baseband circuitry,” Digest of Technical Papers, ISSCC
2009, pp. 314-315

[2] F. Lin, J. Brinkhoff, K. Kai, D.D. Pham, X. Yuan, “A low power
60GHz OOK transceiver system in 90nm CMOS with innovative on-
chip AMC antenna,” IEEE A-SSCC 2009, pp. 349-352

[3] M. Seo, B. Jagannathan, C. Carta, J. Pekarik, L. Chen, C.P. Yue, M.
Rodwell, “A 1.1V 150GHz amplifier with 8dB gain and +6dBm
saturated output power in standard digital 65nm CMOS using dummy-
prefilled microstrip lines,” Digest of Technical Papers, ISSCC 2009,
pp. 484-485

[4] S.T. Nicolson, et al., “A 1.2V, 140GHz receiver with on-die antenna in
65nm CMOS,” IEEE RFIC Symposium 2008, pp. 229-232

[5] B. Heydari, et al., “Low-power mm-Wave components up to 104GHz
in 90nm CMOS,” Digest of Technical Papers, ISSCC 2007, pp. 200-
201.




<<
  /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


