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Abstract—The design of power-efficient ADCs able to achieve 
both high linearity and bandwidth in deep nanoscale CMOS 
processes becomes very challenging as the constraints of low-
voltage operation and limited intrinsic gain often mandate the use 
of power-consuming analog circuits and digital calibration. This 
work introduces a pipelined ADC that leverages the low but very 
flat open-loop gain vs. output swing characteristic of the ring 
amplifier (ringamp) to address these problems. A 12-bit, 1Gsps, 
single-channel prototype is implemented in a 28nm planar CMOS 
process achieving 56.6dB SNDR and 73.1dB SFDR. Consuming 
24.8mW from a single 0.9V supply, it achieves Schreier and 
Walden FoMs of 159.6dB and 45fJ/conv.-step, respectively. 

Keywords—Pipelined ADC, ring amplifier, ringamp, single-
channel, dead-zone degeneration, gain calibration. 

I. INTRODUCTION 
In the context of high-linearity and high bandwidth ADCs, 

the use of pipelining is a popular choice, as it allows information 
to be broken down into smaller increments that can be processed 
faster, at the cost of added latency. However, the residue 
amplification step required by this technique often imposes a 
limit on the power efficiency that can be achieved, as tough 
speed and linearity specifications often translate into the use of 
power-hungry amplifiers operating at high supply voltages. 
Moreover, when the required speed exceeds what is achievable 
with a single channel, time interleaving must be used, which 
comes at the expense of calibration complexity and 
corresponding power efficiency. As illustrated in Fig. 1, most 
high-performance converters reported to date rely on pipelining 
and time interleaving, and only a few single channel 
implementations reach this performance region [1]. Moreover, 
approaching the upper boundary of speed, the power efficiency 
of these single channel ADCs tends to be heavily penalized. 
Thus, the maximization of per-channel speed and linearity, 
along with the minimization of power consumption, is of 
paramount importance for the implementation of power-
efficient, high-performance ADCs that can meet the demanding 
specifications of next-generation communication applications.  

In [2] it was shown that ring amplification [3] combined with 
1st-order gain calibration can provide a power-effective solution 
for achieving high-speed and linearity in nanoscale CMOS by 
exploiting the flatness properties of the ringamp open-loop gain 
even when intrinsic device gain is severely limited. Here we 
extend this concept further by introducing a new ring amplifier 
with increased linearity and speed, based on the concepts of 
dead-zone degeneration and 2nd-stage bias enhancement.  Using  

 

 

Fig. 1. Effective number of bits and Schreier FoM vs. bandwidth for ADCs 
published in the last 20 years (with ENOB>9bit) [1]. 

 
Fig. 2. Proposed ring amplifier featuring dead-zone degeneration and 2nd-

stage bias enhancement. 

these techniques, the implemented ADC achieves the highest 
speed reported to date for ringamp-based converters, and the 
best power efficiency reported to date among all single-channel 
ADCs with greater than 9ENOB and higher than 800Msps. 

This paper is organized as follows. Section II introduces the 
proposed ringamp and its associated techniques.  Section III 
describes the ADC implementation. The measured results are 
reported in Section IV. Finally, Section V concludes the paper. 
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Fig. 3. Simulated effects of dead-zone degeneration and 2nd-stage bias 

enhancement in the open-loop gain vs. output swing characteristic. 

II. PROPOSED RING AMPLIFIER 
Fig. 2 shows the structure of the ringamp introduced in this 

work. It is based on the CMOS-resistor self-biased 
implementation of [2] (henceforth referred-to as the baseline 
ringamp) with two key modifications, as discussed below. 

A. Open-loop gain flattening through dead-zone degeneration 
In order to maximize the linearity that can be recovered from 

a residue amplifier through 1st-order gain calibration, it is 
desirable to have an open-loop gain vs. output swing profile that 
is as flat as possible [2]. To this end, the proposed ringamp 
introduces the concept of dead-zone degeneration, which is 
implemented by 2 feedback transistors between the 3rd and 2nd 
stages, as shown in Fig. 2. When the output voltage is close to 
mid-rail, these degeneration devices are off and the operation is 
as in the original baseline ringamp. However, whenever the 
output departs towards the supply boundaries, the degeneration 
devices start to turn on, drawing a current IDEGEN from the 2nd 
stage. As a result, the current IDZ=IS2-IDEGEN flowing through the 
2nd stage CMOS resistor is decreased and this reduces the 
magnitude of the dead-zone voltage VDZ. Crucially, this dead-
zone collapse happens in an asymmetric manner: when the 
output is high the upper portion of the dead-zone collapses, and 
when the output is low the lower portion collapses. This 
introduces an output-voltage dependent offset into the ringamp 
that the feedback loop will suppress by adding a small offset at 
the ringamp input. The sign of this offset will be opposite with 
respect to the sign of the error due to both finite gain and gain 
compression. That is to say, 

 

where VIN and VOUT are the input and output voltages of the 
ringamp in feedback, AOL is the nominal ringamp open loop 
gain,  is the input referred error due to signal 
dependent gain variation and  is the intentionally 
created input referred error term due to dead-zone degeneration. 
Clearly, when  = , the two terms 
cancel and the finite gain in the system becomes entirely 1st 
order. Interestingly, even though  is related to an 
AC small signal gain whereas  is related to an 
embedded DC offset mechanism, due to the fact that both are a 

 
Fig. 4. Simulated linearity vs. clock frequency for a differential unity-gain 

SHA using the amplifiers showcased in Fig. 3 (1.6Vpp input signal). 

 function of VOUT and ultimately manifest as voltage errors in 
the system, one can be used to cancel the other. Although such 
perfect cancellation is not practical to realize, when sized 
properly, the degeneration devices can be used to partially 
cancel the gain compression error function in this manner, 
resulting in a much flatter gain vs. output swing characteristic. 
This is illustrated in Fig. 3. The top two traces in the figure show 
the simulated open-loop gain vs. output swing characteristic for 
the baseline ringamp with and without dead-zone degeneration. 
The output swing range lying within the 1dB compression points 
is expanded by more than 200mV. 

In Fig. 4, the ringamp is simulated in an ideal SC unity-gain 
SHA and the linearity is analyzed with respect to operating 
frequency. Although dead-zone degeneration has little effect on 
speed, it significantly improves linearity. At lower frequencies, 
we can see that compression cancellation boosts linearity by 
more than 14dB and rolls off at higher frequencies due to 
incomplete settling in a manner similar to the baseline case. 

B. 2nd-stage bias enhancement 
Within the context of pipelined ADCs, the maximum 

operating frequency is often limited by incomplete settling 
errors of the residue amplifiers. In ringamps, as was 
independently discovered in [4], this speed limitation can be 
improved by boosting the overdrive of the 2nd stage. As shown 
in Fig. 2, in the proposed implementation this is done by adding 
an additional CMOS resistor in the 1st stage to create a voltage 
drop VOD which is used to drive the 2nd stage devices with higher 
VGS and thus higher overdrive. Consequentially, the poles at the 
output of the 2nd stage are shifted towards higher frequencies. 
This results in a higher overall phase margin due to the increased 
separation between these non-dominant poles and the dominant 
pole at the output. This, however, comes at the expense of a 
slightly lower gain in the 1st and 2nd stages of the ringamp. These 
effects are clearly seen in Fig. 4: the peak linearity of the 
baseline ringamp with 2nd-stage bias enhancement is extended 
to higher frequencies, despite an overall 3dB degradation in peak 
linearity. As shown in Fig. 3, this degradation is constant across 
output swing, and the gain profile with 2nd-stage bias 
enhancement exhibits the same 1dB compression behavior as 
the baseline ringamp. Fig. 3 shows that this is also true if 2nd-
stage bias enhancement is applied to a ringamp with dead-zone 
degeneration, as is the case in the proposed ringamp.  
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Fig. 5. ADC architecture and structure of each 1.5bit pipeline stage. 

 
Fig. 6. Detailed structure of the proposed ringamp. 

C. Combined effects of dead-zone degeneration and 2nd-stage 
bias enhancement 
The two previously described techniques can be combined 

to simultaneously achieve high speed and linearity. As seen in 
Fig. 4, when using both techniques, a 2.5dB loss in linearity due 
to bias enhancement subtracts from the 14dB boost due to 
degeneration, resulting in a net improvement of 11.5dB in 
linearity while at the same time improving speed significantly. 
When used together, in conjunction with 1st-order gain 
calibration, the proposed ringamp can achieve greater than 12b 
linearity and beyond 1Gsps in 28nm CMOS. Considering that 
28nm planar CMOS is one of the most challenging technologies 
for achieving high gain and linearity, this work demonstrates the 
capability of ringamps to cover a broad range of design targets 
for speed and linearity in any nanoscale technology. 

III. ADC IMPLEMENTATION 
The architecture of the ADC is depicted in Fig. 5. It is a 

pipeline composed of 10 1.5-bit stages (to maximize speed) 
followed by a 2-bit back-end flash. The digital reconstruction 
and gain calibration are implemented off-chip. The stages are 
scaled down three times by a factor of 2 to save power. The 
structure of each stage is also shown in Fig. 5. It is based on the 
flip-around MDAC with ringamp-based CMFB described in [2]. 
The actual implementation of the proposed ring amplifier used 
in the signal path is detailed in Fig. 6. The CMOS resistors 
implementing the dead-zone degeneration and the 2nd stage bias 
enhancement are gated so that the full ringamp can be easily 
powered-down, providing a signal-independent idle state when 
the ringamp is not used. In order to maximize overdrives and 
slewing power, and to minimize parasitics, all the transistors are 
ultra-low-VT devices with minimum channel length. 

 
Fig. 7. Chip micrograph.  

 
Fig. 8. Measured differential and integral non-linearities (12b quantization). 

 
Fig. 9. Measured output spectrum for a 1MHz input at 1Gsps (32Kpts FFT). 

 
Fig. 10. Measured output spectrum for a Nyquist input at 1Gsps (32Kpts FFT). 
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Fig. 11. Measured performance at 1Gsps for variable input signal frequency. 

 

Fig. 12. Measured performance for variable clock frequency and Nyquist input. 

IV. MEASUREMENT RESULTS 
A prototype ADC was fabricated in a 1P9M 28nm standard 

CMOS process, occupying a core active area of 1.2x0.45mm2, 
shown in Fig. 7. The measured static linearity is detailed in Fig. 
8. The achieved DNL and INL are 1.85LSB and 1.14LSB with 
a full-scale input of 1.6Vpp. Figures 9 and 10 show the measured 
decimated spectrums at 1Gsps with low- and Nyquist frequency 
inputs, respectively. The effectiveness of the ringamp gain 
linearization is apparent from these figures, where a SFDR in 
excess of 70dB is achieved after a simple 1st-order stage gain 
calibration. The dynamic behavior with respect to input signal 
and clock frequencies is reported in Figures 11 and 12, 
respectively. The ADC exhibits greater than 500MHz ERBW 
and operates up to 1Gsps, after which the performance degrades 
due to incomplete settling.  

At 1Gsps the ADC consumes 24.8mW operating entirely on 
a 0.9V supply, which translates into Schreier and Walden FoMs 
of 159.6dB and 45fJ/conv.-step, respectively. Table I 
summarizes the measured performance and compares it against 
other state-of-the-art single-channel ADCs. As illustrated by the 
FoM plots in Fig. 13, this work constitutes not only the highest-
speed ringamp-based ADC reported to date but also the most 
power efficient implementation among all single-channel ADCs 
of any architecture with at least 800Msps and greater than 
9ENOB, showing the potential for extending this work to 
achieve power-efficient multi-Gsps implementations using time 
interleaving techniques. 

TABLE I.  PEFORMANCE SUMMARY & STATE OF THE ART COMPARISON 

 

 

 
Fig. 13. Schreier & Walden FoM comparison for ADCs with >9ENOB [1]. 

V. CONCLUSION 
The effectiveness of a new ringamp architecture that exploits 

dead-zone degeneration and 2nd-stage bias enhancement for 
simultaneously achieving high linearity and bandwidth with 
high power efficiency has been demonstrated. These two 
techniques can be combined with little interdependence effects 
to either improve linearity or bandwidth. A combination of both 
allowed the implemented design to push the power-efficiency 
state-of-the-art for high-performance, single-channel ADCs. 

VI. REFERENCES 
[1] B. Murmann, “ADC Performance Survey 1997-2017,” [Online]. 

Available: http://web.stanford.edu/~murmann/adcsurvey.html. 
[2] J. Lagos,  et al., “A single-channel, 600msps, 12bit, ringamp-based 

pipelined adc in 28nm cmos,” in IEEE Symp. VLSI Circuits Dig. Tech. 
[3] B. Hershberg et al., “Ring amplifiers for switched capacitor circuits,” 

IEEE J. Solid-State Circuits, vol. 47, no. 12, pp. 2928–2942, Dec 2012. 
[4] Y. Chen et al., “A 200ms/s, 11 bit sar-assisted pipeline adc with 

biasenhanced ring amplifier,” in 2017 IEEE International Symposium on 
Circuits and Systems (ISCAS), May 2017, pp. 1–4. 

Core area [mm ]2 0.54 2.50.015 5.1 18

1.8/±1.0

14

ISSCC’14
A.M. Ali

LF input

Resolution [bit]

Supplies [V]

Sampling rate [sps]
ERBW [Hz]

ENOB [bit]
Nyquist

SNDR [dB]

SFDR [dB]

Power  [W]
FoM  [J/c.step]Walden

FoM  [dB]Schreier

0.9 3.3/2.5/1.23.3/1.8

This
work

ISSCC’15
El-Chammas

12

1G
>500M

9.2
9.1

57.1
56.6
74.6
73.1

24.8m
45f

159.6

500M
700M
10.5
10.3
64.8
64
93
82

550m
849f
150.6

VLSI’17
K.-J. Moon

1.0

10

500M
-

9.1
9.1
56.7
56.6
73

69.2
6m
22f

162.8

-

9G
1.125G

-
10.7

-
66
79
79

2330m
715f
152.3

ISSCC’17
H. Shibata

14

1G
1G
11.2
11.0
69
68
86
82

1200m
585f

154.2

2.0Input range [Vpp] 1.6 2.02.5-

LF input

Nyquist

LF input
Nyquist

Technology [m] 180n SiGe28n 28n 28n 65n

-

VLSIC’16
A.M. Ali

2.5/1.8/0.9

14

2.5G
1.5G
10.3
10.0
64

61.7
80
73

1150m
463f
152.1

1.3

28n

0.62

0.9

VLSIC’17
J. Lagos

12

600M
350M
9.4
9.1
58.1
56.3
67.5
69.2

14.2m
44.3f
159.5

1.6

28n

PipelineArchitecture Pipeline Pipe-SAR CT Pipe. Pipeline

Residue amplifier OpampRingamp Gm cell Opamp Opamp

Pipeline

Opamp

Pipeline

Ringamp

Gain calibration 1  orderst No1  orderst >1  orderst >1  orderst>1  orderst1  orderst



<<
  /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


