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Abstract—This paper presents the design of an energy detector
for ultra-wideband impulse-based applications. It comprises a
squarer using a passive mixer and an integrate-and-dump circuit
on a single stage. A current-reuse topology was chosen to reduce
the overall power consumption. The proposed energy detector
targets low data-rate communications for noncoherent receivers,
using on-off keying modulations. The circuit has been designed in
a CMOS 180-nm process with 1.8-V power supply. The simulation
results show a total power dissipation of 287-μW for a 1-Mbps
data-rate using an indoor channel model.

Index Terms—impulse-radio ultra-wideband, analog squarer,
integrate-and-dump, noncoherent receiver.

I. INTRODUCTION

IMPULSE-RADIO ultra-wideband (IR-UWB) has recently

become one of the most inspiring technologies for a

great diversity of emerging wireless applications. IR-UWB

relies on the transmission of sub-nanosecond pulses with

reduced amplitudes. Due to the broadband spectrum of short-

pulse waveforms, the susceptibility against multipath fading

is strongly reduced, which fits common requirements of most

modern indoor short-range applications [1]. Moreover, IR-

UWB interfaces allow the implementation of low-cost/low-

power solutions well-suited to the typical purposes of some

emerging applications, such as wireless sensor networks [2]

and biomedical implants [3].

The detection of narrow pulses with power levels close to

the noise floor poses challenging specifications in IR-UWB

receiver designs. Noncoherent detection provides energy-

efficient demodulation for data rates in the range of 1-kbps up

to several Mbps [4]–[6]. Pulse synchronization can be greatly

relaxed when compared to complex schemes based on coher-

ent demodulation. Although the noncoherent demodulation is

more sensitive to channel noise, it is attractive due to low-

power consumption, simplicity and low-cost implementation.

The work of G. Bahubalindruni and C. Duarte was partly supported by
the FCT – Foundation for Science and Technology, Ministry of Science,
Technology and Higher Education, Portugal, under Grants BD/62678/2009
and BD/28163/2006, respectively. This work was also partly supported by the
FCT under contract CMU-PT/SIA/0005/2009.

G. Bahubalindruni, C. Duarte, D. Oliveira and V. G. Tavares are with INESC
Porto, Portugal, and also with FEUP – Faculty of Engineering, University
of Porto, Rua Dr. Roberto Frias, s/n, 4200-465 Porto, Portugal (e-mail:
vgt@fe.up.pt).

M. Videnovic-Misic is with the Department of Power, Electronics and
Communications Engineering, Faculty of Technical Sciences, University of
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Fig. 1. IR-UWB noncoherent receiver.

Fig. 1 shows the block diagram of a noncoherent IR-UWB

receiver. The system explores the reduced complexity of on-

off keying detection (OOK) suitable for low data-rates. An

incoming signal is firstly amplified by a wideband low-noise

amplifier (LNA), which is followed by a variable-gain ampli-

fier (VGA) chain. The UWB signal is then applied to an energy

detector, which comprises a self-mixer and an integrator. The

energy estimation of an incoming bit is obtained from the

resulting UWB squared signal integration along the bit time-

frame. A comparator then discriminates the received energy-

level from the noise floor produced in the absence of pulses.

This paper presents a CMOS design for an energy detector

of an IR-UWB receiver. The proposed circuit mainly targets

low-power consumption both on the squarer and integrator.

The remainder of this paper is as follows. Section II presents

an overview of energy detectors based on squaring circuits.

Section III describes the proposed circuit topology for the

energy detector and the following section reports simulation

results. Finally, in Section V concluding remarks are given.

II. ENERGY DETECTORS OVERVIEW

Energy detection is a low-complexity method appropriate

for OOK demodulation. The basic structure of an energy

detector includes a squarer followed by an integrator and a

comparator, as shown in Fig. 1. The squarer stage estimates

the instantaneous power of an incoming signal. The high-

frequency components resulting from the product are then

filtered at the integrator, while the average power is simul-

taneously computed during a time period of a bit.

Most squaring circuits reported in literature use a self-mixer

architecture (i.e. a mixer with shorted inputs) to obtain the

squared signal. In [6], the authors employ a Gilbert-based

topology to perform the squaring operation. Alternatively,

the authors in [5] use gate and source injection to obtain a

squared gate voltage. Both topologies can provide positive dB

conversion-gain, but at the cost of relatively high-power dissi-

pation and die area. In [7] it is presented an ultra low-power

squarer based on a differential amplifier as source follower.

The proposed solution has a simple structure, nevertheless it

is prone to dc-offset variations that can corrupt the base-band
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Fig. 2. Proposed IR-UWB energy detector.

signal. The squarer proposed in [8] is based on the MOS

square-law in saturation region. It uses a replica circuit with

ac grounded-inputs so that offset-voltage cancellation can be

achieved at the output.

Passive mixers are also an interesting alternative, at least

from the low-power perspective [9]. A passive mixer is pro-

posed in [4] for an IR-UWB noncoherent receiver. However,

no detail is given on the actual implementation of the circuit,

particularly on how the squarer drives the integrator. In [10],

the authors propose a simple squarer topology with MOSFETs

operating in triode region. The squarer is followed by a current

amplifier that drives an integrator.

In this paper we present the design of a CMOS energy

detector that incorporates a passive mixer and integrator within

the same stage. The design approach targets overall low-power

consumption.

III. PROPOSED CIRCUIT

The proposed energy detector is shown in Fig. 2. The

transistors M5–M8 form the passive mixer, i.e. the squarer.

Since two of the squarer inputs are source terminals of NMOS

devices, voltage buffers are required to prevent gain losses in

upstream amplifier stages. A flipped voltage follower (FVF)

configuration [11] presents satisfactory bandwidth for IR-

UWB applications [12], being a natural choice for voltage

buffering. Transistors M1–M4 constitute two buffers based on

the FVF configuration.

The existence of capacitors in the signal path has quite

impact on the circuit transient response. In order to minimize

the system turn-on time, a dc coupling is preferred between

the squarer inputs and the voltage buffer. Nonetheless, at some

point this approach also limits the circuit performance since

there is less design freedom for transistor sizing.

Transistors M9 and M10 impose a fixed voltage at the

squarer output. The voltage signal I/D controls the integration

time of the squared current and defines M9–M10 operation

modes, either cut-off or biased in strong inversion. At the end

of an integration period, the control signal I/D drops to zero

cutting M9 and M10. Since no current can flow (except in the

FVF buffer) the squarer circuit goes into idle mode, avoiding

static current consumption.

The integrate-and-dump circuit is stacked on top of the

squarer. By reusing the same bias current, the overall power

consumption is lowered. The cascode transistors M11–M14 act

as active loads that maximize the output impedance. During

the time interval of a bit, the differential current drawn from

the squarer is integrated in the capacitor connected between

the output nodes. At the end of the integration window, signal

I/D sets the squarer to idle mode and voltage dumping takes

place. At that time, the PMOS transistor M15 is activated and

C is fully discharged so that new pulses can be processed.

A. Passive Squarer

Fig. 3 shows the simplified circuit of the proposed squarer.

A constant voltage VD is assumed at the drains of the

transistors (set by M9–M10 during the integration period).
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Fig. 3. Circuit used on the analysis of the squarer.

Referring to the notation depicted in Fig. 3 and assuming

all the transistors operating in the triode region, VD < VG−Vt

and VG − VS > Vt where Vt is the threshold voltage, one can

write the drain currents as follows

i+o = i5 + i7 = Iα + 1
2 · β · [(v+

i )2 + (v−i )2 − 4v+
i v−i

]
(1)

i−o = i6 + i8 = Iα − 1
2 · β · [(v+

i )2 + (v−i )2
]

(2)

where β is the transconductance parameter assuming equal

sized transistors. The term Iα is the resulting common-mode

drain current given by

Iα = β
[
(v+

i + v−i )(VD − VG + Vt)
− V 2

D + V 2
S + 2(VG − Vt)(VD − VS)

]
(3)

The squared signal can be obtained from the differential

currents at the drain

io = i+o − i−o = β · (v+
i − v−i

)2
(4)

According to (4) one can make use of differential signals

at the input, i.e. v+
i = −v−i , or alternatively connect one

input to the ac-ground, performing squaring operation in both

cases. When the squarer is driven by a single-ended LNA,

the latter avoids the use of a UWB balun [8], which is an

energy-expensive solution with a typical power consumption
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in the order of mili-watts [13]. The only drawback for the

grounded-input approach is that the current gain is reduced to

one half. In this work a differential input has been chosen to

benefit from the common-mode noise rejection.

B. Integrate-and-Dump

Fig. 4 shows the simplified representation of the integrate-

and-dump circuit. The impedance Ro represents the equivalent

impedance seen at each output node. Transistors M9 and

M10 provide unitary-current buffering (Fig. 2). Assuming

vi = v+
i − v−i , the squarer can be seen as a current source

with value given by (4).

io = βv2
i

v−
o v+

o

C

dump

RoRo

Fig. 4. Simplified equivalent circuit for the integrator.

For a null voltage at the end of dumping, during the

integration interval Ti and as long as Ro >> Ti/(2C), the

output voltage is given by

vo = v+
o − v−o ≈ β

C

∫ t0+Ti

t0

v2
i dt (5)

Pulse repetition per single bit is a common method em-

ployed to facilitate the demodulation process [5]. Therefore,

the time constant of the integrator needs to be designed in

accordance with the integration time Ti considering the pulse

repetition rate (PRR). Moreover, the noise level needs also to

be properly estimated to define the time constant. Otherwise,

the integrator can saturate in the absence of incoming pulses.

To accommodate for different PRRs and noise conditions, the

capacitor C in the proposed circuit can be further replaced by

a digitally-controlled capacitor bank.

IV. SIMULATION RESULTS

The proposed circuit has been designed in a 180-nm RF-

CMOS process with 1.8-V power supply. The design has been

simulated with Cadence Spectre-RF using BSIM3v3 MOSFET

models.

At low data-rates, IR-UWB allows the receiver to be in the

idle mode during long periods of time [4], [6]. Low duty-

cycle has been used in the proposed demodulation scheme.

Fig. 5 shows an input test signal comprising a pulse sequence

in which, for each transmitted bit several fifth-order Gaussian

pulses are repeated within a data rate of 1-Mbps. The channel

has been modeled considering frequency-dependent propaga-

tion losses, for residential line-of-sight (LOS) applications

from 2 to 10-GHz [14].
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Fig. 5. Voltage waveforms at the differential input of the voltage buffer.

1.0

2.0

3.0

4.0

5.0

0.0

ideal

1.5210 1.5215 1.5220 1.5225

io

C
u

rr
en

t
(μ

A
)

t(μs)

Fig. 6. Current at the squarer and ideal squared-input (normalized).

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.50.0

V
ol

ta
ge

 (
m

V
)

1.0
2.0
3.0
4.0
5.0
6.0
7.0

0.0
1.50 1.51 1.52 1.53 1.54 1.581.571.561.55

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

V
ol

ta
ge

 (
m

V
)

t(μs)

t(μs)

Fig. 7. Differential output of the integrator.
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Fig. 6 shows the square of the UWB pulse and the square

of the voltage input, to validate the circuit squaring operation.

The integration of the squared signals is plotted in Fig. 7. Reset

occurs at the end of the integration interval. The zoomed area

of the figure represents an example of an integration interval.

To demonstrate the viability of the proposed topology a

high-speed decisor has been also implemented, which includes

an amplifier chain and a comparator. Since the passive mixer

does not provide high current gain, the voltage at the integrator

output is relatively low. A 22-dB gain single stage amplifier

has been designed to further increase this voltage. The ampli-

fier is based on an NMOS differential-pair with PMOS cascode

loads. As an example of the received bit-sequence ‘11001’, the

detector output is shown in Fig. 8. The total power dissipation

of the proposed circuit is lower than 600-μW including the

decisor circuits. Nevertheless, the detailed discussion of the

decisor topology and its performance is out of the scope of

this article and would be addressed in some other paper.

Table I summarizes the performance of the proposed circuit

and compares it with other works from literature (simulation

results only). The power dissipation for proposed circuit is

only 287-μW. One should note that this includes the voltage

buffers, squarer and the integrator, while in the other cases

the power consumption is relative solely to the squarer. This

demonstrates high power efficiency of the proposed topology.

TABLE I
POWER CONSUMPTION OF IR-UWB SQUARERS

Ref. Squarer Process

[7] 86.5-μW 180-nm

[12] 10.8-mW 180-nm

[15] 52-mW 180-nm

[16] 1.7-mW 180-nm

[17] 720-μW 65-nm

This work 287-μW 180-nm

V. CONCLUSION

A low-power energy detector was presented in this paper.

A single stage squarer and integrator was proposed based on

current reuse technique to achieve low-power consumption.

The circuit has been tested with a train of impulses including

frequency-dependent channel losses modeling. The proposed

topology dissipates only 287-μW. A decision circuit was also

implemented in order to prove the feasibility of the squarer-

integrator circuit. Results show that the proposed circuit is a

good solution for low data-rate UWB applications.
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Coke, and Américo Dias from the Microelectronics Students’

Group at DEEC/FEUP for the help in design and technical

discussions.

REFERENCES

[1] M. Win and R. Scholtz, “Impulse radio: how it works,” IEEE Commu-
nications Letters, vol. 2, no. 2, pp. 36–38, Feb 1998.

[2] L. Yang and G. Giannakis, “Ultra-wideband communications: an idea
whose time has come,” IEEE Signal Processing Magazine, vol. 21, no. 6,
pp. 26–54, Nov 2004.

[3] A. P. Chandrakasan, N. Verma, and D. C. Daly, “Ultralow-power
electronics for biomedical applications,” Annual Review of Biomedical
Engineering, vol. 10, pp. 247–274, Aug 2008.

[4] T.-A. Phan, V. Krizhanovskii, and S.-G. Lee, “Low-power CMOS energy
detection transceiver for UWB impulse radio system,” in IEEE Custom
Integrated Circuits Conference, Sep 2007, pp. 675–678.

[5] Y. Zheng, Y. Tong, J. Yan, Y.-P. Xu, W. G. Yeoh, and F. Lin, “A
low power noncoherent CMOS UWB transceiver ICs,” in IEEE Radio
Frequency integrated Circuits Symposium, Jun 2005, pp. 347–350.

[6] X. Zhang, S. Zhang, B. Jin, and X. Lin, “A non-coherent receiving
solution for near field pulse UWB communication,” in International
Conference on Signal Processing Systems, vol. 3, Jul 2010, pp. 658–
661.

[7] R. Hidayat, K. Dejhan, P. Moungnoul, and Y. Miyanaga, “A GHz simple
CMOS squarer circuit,” in International Symposium on Communications
and Information Technologies, Oct 2008, pp. 539–542.

[8] Y. Gao, Y. Zheng, and C.-H. Heng, “Low-power CMOS RF front-end
for non-coherent IR-UWB receiver,” in European Solid-State Circuits
Conference, Sep 2008, pp. 386–389.

[9] W. Li, L. Xia, Y. Huang, and Z. Hong, “A 0.13μm CMOS UWB receiver
front-end using passive mixer,” in IEEE Asia Pacific Conference on
Circuits and Systems, Nov 2008, pp. 288–291.

[10] M. Mroue and S. Haese, “An analog CMOS pulse energy detector for
IR-UWB non-coherent HDR receiver,” in International Conference on
Ultra-Wideband, Sep 2006, pp. 557–562.

[11] R. Carvajal, J. Ramirez-Angulo, A. Lopez-Martin, A. Torralba, J. Galan,
A. Carlosena, and F. Chavero, “The flipped voltage follower: a useful
cell for low-voltage low-power circuit design,” IEEE Transactions on
Circuits and Systems—Part I: Regular Papers, vol. 52, no. 7, pp. 1276–
1291, Jul 2005.

[12] Y. Gao, K. Cai, Y. Zheng, and B.-L. Ooi, “A wideband CMOS multiplier
for UWB application,” in IEEE International Conference on Ultra-
Wideband, Sep 2007, pp. 184–187.

[13] T.-T. Hsu and C.-N. Kuo, “Low power 8-GHz ultra-wideband active
balun,” in Silicon Monolithic Integrated Circuits in RF Systems, Jan
2006, pp. 365–368.

[14] A. F. Molisch, K. Balakrishnan, C. chin Chong, S. Emami, A. Fort,
J. Karedal, J. Kunisch, H. Schantz, U. Schuster, and K. Siwiak, “IEEE
802.15.4a channel model - final report,” in Converging: Technology,
work and learning. Australian Government Printing Service, 2004.

[15] H. Xie, X. Wang, A. Wang, B. Zhao, L. Yang, and Y. Zhou, “A
broadband CMOS multiplier-based correlator for IR-UWB transceiver
SoC,” in IEEE Radio Frequency Integrated Circuits Symposium, Jun
2007, pp. 493–496.

[16] A. Gerosa, M. Soldan, A. Bevilacqua, and A. Neviani, “A 0.18-μm
CMOS squarer circuit for a non-coherent UWB receiver,” in IEEE
International Symposium on Circuits and Systems, May 2007, pp. 421–
424.

[17] W. Wu, X. Fan, T. Wei, and C. Charlesy, “A low-voltage low-power self-
mixer for 3.1-5GHz non-coherent UWB receiver,” in IEEE International
Conference of Electron Devices and Solid-State Circuits, Jan 2009, pp.
24–27.

448



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


