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Abstract—Fully-integrated 40-Gb/s pulse pattern generator
(PPG) and bit-error-rate tester (BERT) chipsets has been
presented in 65-nm CMOS technology. Using external clock
inputs, the PPG and BERT achieve full operation with ultra-
wide data range from 40 Mb/s to 40 Gb/s. Built-in PLL and
CDR circuits are also included to provide robustness for
standard specification testing.

L. INTRODUCTION

Broadband pulse pattern generator and bit-error-rate
tester have found extensive usage in the past years, and the
demand for inexpensive testing equipment has increased
when 100 GbE emerges in the market. Such high-end testing
equipments used to be implemented by III-V compounds or
other high-speed devices. Recent development on
nanometer-CMOS technology, however, demonstrates the
feasibility of realizing these testing circuits in low-power,
low-cost, and high-yield vehicles.

This paper presents fully-integrated PPG and BERT
chipsets operating from 40 Mb/s to 40 Gb/s. In PPG, two
clock modes are selectable, i.e., the input clock can be
provided externally or from the built-in PLL. Four pseudo-
random bit sequence (PRBS) lengths (2"-1,2""-12%-1, and
2°'-1) and four injected error rates (0, 107, 10°°, and 107
are programmable. In BERT, adaptive equalization with
amplification frontend and built-in CDR circuit are
employed. After demultiplexing, four independent error
checkers are used to examine error bits. With the help of
software and FPGA control board, the BERT can perform
bathtub and eye diagram plots. Both chips are fabricated in
standard 65-nm CMOS technology with a 1.2-V supply.

II.  PULSE PATTERN GENERATOR

Figure 1 shows the PPG design, which consists of a
PRBS engine, an on-chip 20-GHz PLL, 4 identical FFE
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Fig. 1. PPG architecture.
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drivers, and a 4:1 high-speed MUX together with lower
speed MUXes. Here, the input clock can be provided either
externally or from the PLL. A broadband phase shifter tunes
the clock until it falls in the sweet sampling spot, i.c., the
center of the data eye, for the 4x10-GB/s sequences. Before
the high-speed 4:1 MUX, proper delay has been inserted
between stages in the subsequent dividers to fit the lower-
speed MUXes sampling points. As a result, 4 in-phase data
inputs (up to 12.5 Gb/s) are fed into the 4:1 MUX for final
serialization. Here, 2-tap pre-emphasis FFEs are included in
the 10-Gb/s drivers, which provide maximum boosting of 8
dB at 5 GHz. Both output magnitude and boosting are
programmable. The proprietary 40-Gb/s 4:1 MUX design
necessitates precise skew control and broadband techniques,
and it was presented in [1].

Governed by commands from PC, the PRBS engine is
capable of delivering 4 different pattern lengths, namely, 2'—
1,215—1,223—1, and 231—1, in different data rate. If necessary,
users can add up injection errors into the pattern with
programmable error rate of 107, 10°, and 107°. All logic
gates are synthesized in CMOS logics to save power with
gate count greater than 100K.

The PRBS engine also provides four lower-speed outputs
(up to 4 x 12.5 Gb/s) for optical applications. To overcome
PVT variations, bandgap reference and temperature sensing
circuits must be included. The simplified biasing circuit is
illustrated in Fig. 2. With 2.5-V I/O devices of M;-M,, R; and
012, we come up with a proportional to absolute temperature
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Fig. 2. (a) bandgap reference and temperature sensing circuits
design, (b) Viem, as a function of temperature, (¢) Vpg as a
function of temperature.



(PTAT) current I and have it mirrored by means of M;.
Using an external resistor R, with very low temperature
coefficient (=50 ppm/°C) to convert current into voltage, we
obtain a voltage Vremp, which is linearly proportional to
absolute temperature. This temperature sensor allows us to
do temperature compensation either inside or outside the
chip. The subsequent bandgap and constant IR drop circuits
create programmable data swing. As a result, we arrive at
accurate output magnitude regardless of PVT variations.
Figure 2 (b) and (c) illustrate the measured Vrem, and Vg as
a function of temperature, suggesting that Vg less than 0.3%
deviation for —20°C ~ 90°C.

1.

Figure 3 illustrates the BERT structure. It contains a
limiting amplifier/equalizer front-end, a purely linear full-
rate CDR with reference-less frequency detection, a 1:64
DMUX chain, and an error-check (EC) engine. The adaptive
limiting amplifier/equalizer co-design provides a maximum
boosting of 15 dB for 40-Gb/s data. The CDR design is
modified from that in [2]. To achieve 40-Gb/s data rate, Here,
we adopt vernier method, i.e., where the two data paths
create an arrival time difference of 2(AT—AT,) = 12.5 ps at
the XOR gate. Such a half-bit edge signal is further mixed up
with the 40-GHz clock from the VCO. After the low-pass
filter, a near-dc signal proportional to the data-clock phase
error is obtained and is therefore fed into the (V7). As
compared with [2], this structure utilizes the delay’s
difference rather than its absolute value, increasing CDR
operation speed by a factor of 2. Note that owing to the
bandwidth limitation, the XOR could only generate partial
pulses on occurrence of data arrival. It is actually not an
issue, as long as the mixer presents sufficient conversion
gain. Taking the two middle points of the delay chains gives
rise to data streams with a quarter-bit delay in between,
which can be used again in the FD to distill the frequency
error directly from data without a reference clock. Again, the
half-rate input clock can be provided either from outside or
from the recovered clock of CDR. Nonetheless, the clock is
divided into lower speed in 2's power, and so is the data.
Finally, the EC engine compares the bit sequence with
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correct PRBS and save the error in a 28-bit counter. Through
the microprocessor and USB bridge, the final BER result is

obtained.
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Fig. 5. (a) Simplified limiting amplifier/equalizer structure,
(b) gain/boosting stage, (c) boosting stage.
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Fig. 6. Response of (a) gain/boosting stage, (b) overall maximum
boosting.

The FD design is illustrated in Fig. 4(a). Originally
inspired by [3], we modify the design in [2] to achieve
higher-speed operation. Again, frequency error can be
examined by sampling full-rate clock with ¥, and V3, which
are 6.25 ps apart from each other. Up and down signal Qs is
therefore generated and sent to (77/),. Since the PD is
dealing with delay’s difference, the phase relationship under
locked condition is uncertain. That is, O, upon phase locking
is no longer guaranteed to be low. It stays at either high or
low, based on the phase between data and clock. One
example to resolve this issue is to exam whether the



frequency locates in the lock-in range, and turn on or off
(V/), accordingly. Alternatively, adding fixed delays could
neutralized the skew, letting (7/1), automatically turned off
as [2]. The 1:4 DMUX is illustrated in Fig. 4(b). To save
power, we abandon the popular tree-structure DMUX, but
deserialize the data in one stage. Here, 10-GHz quadrature
clocks are applied to the flipflops in sequence, and four
outputs are produced.

To accommodate channel loss or distortion, a limiting
amplifier/equalizer combination is placed in front to both
enlarge and compensate the input data. The proposed
structure is depicted in Fig. 5(a), where stages with different
boosting techniques are placed alternatively to avoid early
saturation or void switching. Conventional RC degenerated
filter fails to provide large tunable range for boosting, even
with the help of inductive peaking. It is well known that both
series and shunt peaking can be used in a broadband
amplifier or increase the bandwidth [4], but the peaking is
subject to PVT variations and is hard to control. As a result,
we come up with a tunable gain/boosting stage as shown in
Fig. 5(b). Here, depending on the ratio of /; and /,, part of the

data goes through the peaking of L, whereas the rest does not.

Since the total amount of /; and /I, is constant and their
tuning is continuous, we arrive at a gain stage with tunable
peaking. It can be used to compensate for the high-frequency
loss. The filter stage is shown in Fig. 5(c), which employs
inductive peaking to sustain the bandwidth along the data
path. Figure 6(a) shows the simulated frequency response of
the gain/filter stage under two extreme current conditions.
The 3-dB bandwidth can be further pushed up from 34.5 to
61.4GHz. It is worth noting that the dc gain does not change
because of the constant total amount of /; and /,. The overall
boosting behavior is shown in Fig. 6(b). With tunable gain
stage, we extend the overall range from 11 dB to 15 dB. No
dc gain is sacrificed by doing so.

IV. EXPERIMENTAL RESULTS

The PPG and BERT have been designed and fabricated
in 65-nm CMOS technology. Figure 7(a) shows the die
photo of PPG, which occupies 1.4 x 1.1 mm’. It consumes
350 mW from a 1.2-V supply (excluding the 4:1 MUX), of
which only 8 mW is dissipated in the PRBS engine. Figure
7(b) and (c) show the output data at 100 Mb/s and 10 Gb/s,
with 1-dB boosting. The latter demonstrates rms and peak-
to-peak jitter of 0.8 ps and 5 ps, respectively, as the worst
case. For data rate less than 9 Gb/s, the jitter can be reduced
to 0.3 ps,rms and 2.2 ps,rms. Four 10-Gbs channels can be
delivered simultaneously as illustrated in Fig. 7(d). The
maximum skew among them is less than 2 ps. All above
figures are captured with 2°'-1 PRBS mode. The FFE
provides pre-emphasis from 0 to 8 dB programmable at
Nyquist frequency as expected. With external clock mode,
the output data phase is directly modulated if the external
clock is modulated. Figure 8(a) reveals a case for one 10-
Gb/s output under 1-MHz 0.3-UI modulation. Together with
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Fig. 7. (a) Chip micrograph of PPG (4:1 MUX not shown), (b)
output data at 100 Mb/s (100 mV/div, 1.66 ns/div), (c) output
data at 10 Gb/s (100 mv/div, 20.0 ps/div), (d) simultaneous 4 x

10-Gb/s output data (100mV/div, 40 ps/div).
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Fig. 8. (a) 10Gb/s output data under modulation (1 MHz, 0.3
Ul), (b) 40-Gb/s(100 mV/div, 10 ps/div) and 25-Gb/s(100
mV/div, 20 ps/div) outputs, (c) rms and peak-to-peak data jitter
at 10 Gb/s.
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Fig. 9. (a) Chip micrograph of BERT and DMUXes (b) phase
noise of recovered 40-GHz clock from CDR, (c) sensitivity test.



the BERT under proper clock phase, the system performs
jitter tolerance (JTOL) testing and displays in PC. The high-
speed output after 4:1 MUXing is also plotted in Fig 8(b).
The 40-Gb/s and 25-Gb/s data reveal rms and peak-to-peak
jitter of less than 1.5 ps and 6.8 ps, respectively. The rise/fall
time is around 11 ~ 13 ps. The rms and peak-to-peak jitter at
10 Gb/s are plotted in Fig. 8(c). Owing to the internal
bandgap reference and temperature compensation circuits,
the PPG/BERT achieves very stable operation from —10°C to
70°C.

The BERT has been fabricated in 65-nm CMOS as well,
and the die occupies 1.1 x 1 mm”. Error detectors and low-
speed DMUXes are realized in another chip. Both die photos
are illustrated in Fig. 9(a). The BERT including CDR and
DMUX consumes 580 mW. It is powered by a 1.2-V supply
with the exception of digital circuits, which goes with a
standard 1-V supply. Figure 9(b) shows the measured phase
noise of the recovered 40-GHz clock, the free running VCO,
and the input data, revealing a loop bandwidth around 20
MHz. The integrated jitter from 100 Hz to 1 GHz is equal to
214 fs,rms, and the recovered clock presents a phase noise of
—108 dBc/Hz at 1-MHz offset. Figure 9(c) depicts the input
sensitivity. The circuit achieves BER < 10" for any data
pattern as long as the input is greater than 50 mV. We obtain
the recovered waveforms for 10-Gb/s data and 40-GHz clock,
as shown in Fig. 10, suggesting 1.73 ps,rms and 277 fs, rms
jitter. After deembedding oscilloscope’s jitter, the latter is
very close to 214 fs. Figure 11 shows the waveforms for
chip-on-board assembly with a 5-cm Rogers channel in front,
which presents 12-dB loss at 20 GHz. After the limiting
amplifier/equalizer, most of the ISI on the 40-Gb/s data due
to channel loss is fixed [Fig. 11(a)]. The timing jitter is
removed by CDR and Fig. 11(b) shows the recovered data.
The eye is clean with 2.43 ps,rms jitter. Table I and II
summarizes the detailed specifications of this work.
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Fig. 10. Waveforms of recovered 10-Gb/s data (50 mV/div, 20

ps/div) and 40-GHz clock (50 mV/div, 2 ps/div).

Fig. 11. Waveforms for chip-on-board testing: (a) 40-Gb/s data
after limiting amplifier/equalizer (40 mV/div, 5 ps/div), (b)
recovered 10-Gb/s data (50 mV/div, 20 ps/div).
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Table 1. Performance summary.

PPG BERT
Data Rate 40Mb/s-40Gbis Data Rate 40Mb/s-30Gb/s
Pattern PRBS7, 15,23, 31 Pattern PRBS7, 15,23, 31
MUX 641 DMUX 1:64
Inj. Error Rate | 0, 10 1075, 10°° BER < 10~"2 (all pattern)
1-tap{1-8dB) Limiting Amplifier/
Pre-Emphasis (programmable) Front End Anslog Equalizer
0.8 ps,rms Rec. Clock
Output Data |5 ps,pp (4x10Gb/s) Jitter(30GHz) 214 fs,rms (40GHz)
Jitter 1.5 ps,rms Rec. Data 1.73 ps,rms (10Gbis)
6.8 ps,pp (40Gb/s) Jitter(40Gbis) | 10.67 ps,pp (10Gb/s)
100-400mV Input
Islnnle andeg) (programmable) Sensitivity somv
Rise/Fall 25V 10
Time(40Ghs) Thw T by 1.2V Analog
o 2.5V 0 & Bandgap oltage W Digital
vo];polz 1.2V Analog Power 580 mW
1V Digital Chip Area 1.1 mm?
Power 800 mW gy 65-nm CMOS
Chip Area 1.54 mm®
Technology 65-nm CMOS
Table II. Comparison table.
151 18] ] CDR
Data Rate 43-45Ghis 40-44Gbis 36.2-38.2Gbis 39-40.2Gb/s
Eq. Max. Tuning NA NA 3dB 15dB
Half-rate, Quarter-rate, Hall-rate, Full-rate,
PD Type Binary PD Binary PD Binary PD Linear PD
Freq. Acqui. NA less
DMUX NA 116 1:32 1:68
BER NA <10-"2 <10-" <10
Rec. Clock Jitter |1.1 ps,rms(22.5GHz) NA 1.77 ps,rms(22.5GHz)| 214 fs,rms(40GHz)
Supply Voltage 2.5V 1.4V 1.45V 1.2v
Power 650 mW 910 mW 204W 427 mW
Chip Area 1.25 mm® 1.44 mm° 4.93 mm’ 1.1 mm?
Technology 120 GHz SiGe 90-nm CMOS 0.13-um CMOS B5-nm CMOS





<<
  /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


