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Abstract- DAC architectures reported in the literature use 

segmentation schemes involving more thermometer and less 

binary bits, in order to guarantee a better dynamic and static  

performance. In this paper, a novel technique is proposed to 

minimize the glitch in the binary section of a segmented current 

steering DAC through the custom design of latches. This enables 

more bits in the binary section of the segmented DAC than what 

is reported in the literature. Using the proposed technique, a 12 

bit 400MSPS current steering DAC with  8 bit binary section and 

4 bit thermometer section is designed using   AMI 350 nm n-well 

CMOS process. A 12 bit segmented DAC with 8 MSB 

thermometer section and 4 binary section is also designed using 

the conventional approach. The static and dynamic performance 

of the above two segmented DACs are obtained through ELDO 

SPICE simulations.  From these, it is found that the INL, DNL 

and SFDR at 1 MHz for the proposed DAC are 0.7 LSB, 0.65 

LSB and 79 dB whereas those of the conventional segmented 

architecture are 0.63 LSB, 0.04 LSB and 87 dB respectively.  

With only marginal degradation in the static and dynamic 

performance, the proposed DAC results in lower silicon area and 

routing complexity. The reduction in the digital decoder area and 

the no. of latches required for the proposed DAC enables higher 

update rate for the DAC. The estimated area of the proposed 

DAC is about 30% times less than that using the conventional 

segmentation scheme. 
Keywords— Binary, Current Steering DACs, Thermometer 

decoder, Latch, INL, DNL . 

I. INTRODUCTION 

     The advancements in the silicon process technology enable 

the implementation of a complete system consisting of both 

digital and analog blocks including D/A and A/D converters 

on a single chip. Single chip solutions for applications such as 

ultra wideband networks and software defined radio require 

the individual sub systems such as D/A and A/D to be 

designed for high speed operation. In view of these, the design 

of  D/A with better update rate becomes important.  

     Current Steering DACs (CS-DACs) are preferred for high 

speed applications such as WLAN, WMAN, HDTV and other 

related applications [1]-[7]. Moreover, they have a no. of other 

advantages such as lower power dissipation and lower cost 

than other architectures. However, CS-DACs have a no. of 

limitations such as poor INL and DNL, poor SFDR and SNR 

performances. This arises due to device mismatches, 

mismatch in the speed of current steering between binary and 

thermometer sections and asymmetry in the settling times of 

various current sources [8]. 

     Static performance of DACs is quantified by INL and DNL. 

Their dynamic performance can be inferred from the SFDR 

(Spurious Free Domain Range) and SNR (Signal to Noise 

ratio) characteristics. Static and dynamic performances 

determine the effective number of bits (ENOB). 

      In general, the segmented DACs use binary bits for the 

LSBs and thermometer bits for the MSBs. In the literature, a 

segmented DAC with a greater number of bits in thermometer 

section than that in the binary section is preferred in order to 

obtain better dynamic and static performance [6]. However, 

this is achieved at the cost of more silicon area and 

complexity in clock synchronization. To overcome this, a 

novel technique is proposed in this paper to design a 

segmented CS-DAC with more no. of bits in the binary 

section without undue degradation in the static and dynamic 

performance.  

The organization of the paper is as follows: Section II 

presents the design guidelines of the conventional DAC 

architecture and discusses the limitations of using more 

number of thermometer bits than binary bits and also the 

justification for exploring a new scheme of segmentation. 

Section III discusses the design of the improved DAC 

architecture- the unit cell structure and the custom design of 

latches. Section IV explains the integration of the 

thermometer bits with the 8 bit binary DAC to obtain the 

proposed DAC. Section VII discusses the simulation results 

obtained from the ELDO-Spice tool. Section VIII concludes 

this discussion, capturing the highlights of this suggested 

architecture.  

II. CONVENTIONAL DAC ARCHITECTURES 

        A segmented N bit CS-DAC typically uses N1 MSB and 

N2 LSB bits in the thermometer and the binary sections 

respectively. The thermometer section uses 12 1 −N
  unary 

current sources each of strength lsb

N I22 , and the binary 

section uses N2 current sources of binary weighted strengths 

from lsbI to lsb

N I)12(2 −
. lsbI  denotes the current 

corresponding to the least significant bit of the DAC.  

An estimate for the INL [4] is given by 

INL = 
I

IN )(
2 )2( σ−

LSB                                                (1) 

       INL is independent of the segmentation scheme used. 

However, DNL is dependent on the segmentation adopted and 

the worst case DNL, occurs at the mid code transition and is 

given by (2)    
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DNL = 
I

IN )(
12 )12( σ

−+
LSB                           (2) 

      The normalized digital and analog area required for 

various percentage of segmentation is studied in [6] and is 

shown in Fig.1.  In this figure, 0% segmentation corresponds 

to the full binary DAC and 100% segmentation  corresponds 

to the full thermometer DAC. The analog area required for an 

optimum DNL varies from 4096* unitA  for the pure binary 

DAC to unitA  for the thermometer DAC. The analog area 

required for an optimum INL<=0.5 LSB is 1024* unitA , while 

a more relaxed constraint of INL<=1LSB results in an analog 

area of 256* unitA . The digital area varies as 
P2 dA  for P bits 

in the thermometer section. The cumulative area, assuming the 

approximate equivalence of unitA  and dA  [6], results in a 

graph where the analog area for optimum DNL dominates for 

binary DACs, analog area for optimum INL dominates for 

moderate segmentations, and the digital area dominates for 

thermometer DACs.  

      In order to obtain better static performance without undue 

increase in area, the optimum point for segmentation is chosen 

such that analog area becomes equal to digital area as shown 

in fig.1.[6]. This implies more bits in the thermometer section. 

However, the dynamic performance of DAC degrades  with 

increase in the number of  bits in the  thermometer section. [9].  

      Moreover, more bits in thermometer section results in 

larger digital area, larger output capacitance and larger 

complexity of the design [9]. These in turn lead to greater 

timing inaccuracy, synchronisation and matching problems 

and larger charge feed through to the output . Further, increase 

in the decoder complexity increases the  critical path delay  

and hence reduces the speed of operation of the DAC. Only if 

timing accuracy is guaranteed better performances can be 

obtained from an increased segmentation. At low frequencies 

the conductance of the DAC is also reduced when more 

thermometer bits are used. 

 
Fig.1. Normalised required area vs % of segmentation 

 

III. DAC IMPLEMENTATION 

 

The segmented DAC block diagram is shown in Fig. 2. The 

construction of the 8 bit pure binary DAC is discussed in this 

section. Each of the current source, cascode transistors and 

their associated switches in Fig. 3 is referred to as a current 

cell. The major blocks of the 8 bit binary DAC are the bias 

voltage generation circuitry, the weighted current cell (Ilsb to 

128*Ilsb),  and the custom designed latch, whose outputs are 

fed to the gates of the switching transistors of the weighted 

current cell. These blocks are discussed in detail in the 

following sub-sections.  

 
Fig.2. Segmented DAC block diagram 

A. Bias Generation Circuitry 

          The high swing cascode Bias Generation circuitry that 

produces the required bias voltages 1bV  and 2bV . The bias 

generation circuitry used is one that allows greater swing at 

the drain of the cascode transistor of the current source, while 

generating highly stable bias voltages to be supplied to the 

gates of the current source transistor and its cascode transistor. 

The overdrive voltage is set as 0.3 V, which then determines 

the value of W/L in the square law equation for the drain 

current. 

  
2

2

cs

odV
L

WK
I =                                                           (3) 

B. Unit cell 

      Fig. 3 shows the schematic of the unit cell. It consists of a 

cascoded current source section and a differential switch 

section. The cascoded current sources are used because they 

inherently provide greater current transfer accuracies and also 

higher output impedances [10].  The analog area required for 

guaranteed static performance under statistical variations is 

given in [4]  
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This equation that relates the value of area of the current 

source transistor, to the value of
I

I )(σ
, gives the value of WL. 

This gives us better matching and also less sensitivity to  

layout sizing errors. On solving (3) and (4) simultaneolusly, 

the value of W and L can be determined. The minimum 

voltage required at the drain of the cascoded transistor is 0.6 V, 

thus allowing for a larger swing at the output nodes. 

     The differential switch section consists of four transistors- 

two switches, and two cascodes to the switches. The gates of 

the switching transistors are given the complementary outputs 

from the corresponding latches. The gates of the cascodes are 

always connected to the supply rail, and separate the 

switching transistors from the output nodes, thereby reducing 

the clock feed through. 

 
Fig 3. Unit cell  schematic 

C. Custom design of latches 
     As seen from the argument presented in [9], it can be 

concluded that, one can explore a segmentation of lower 

percentage, involving greater number of binary bits, with 

some sacrifice in DNL/INL performance, but on less chip area 

and with better timing accuracy. A segmented DAC involving 

4 MSB thermometer and 8 LSB binary bits is constructed, 

wherein the static performance of the binary section is 

improved by custom design of latches.  

    Toward that end, we take into consideration the propagation 

delay through the latch-switch combination. Approximating 

the switching transistor with large signal MOS model, we 

represent it as a parallel combination of Reff and Ceff .  

    As we proceed from the Ilsb to 128* Ilsb in the binary section 

of the DAC, it is seen that a greater switch size is required in 

order to allow the flow of a greater amount of current. In such 

a situation, the value of the switch width increases, thus 

increasing the capacitances that need to get 

charged/discharged. This means the Reff * Ceff time constant 

increases, resulting in an increase in the propagation delay 

through the switch from Ilsb to 128 Ilsb.  

     This implies a custom design of latches has to be done, in 

such a manner so as to keep the propagation delay through the 

latch that switches the 128*Ilsb current source minimum, and 

the propagation delay through the latch that switches the Ilsb 

current source maximum.     

      The latch is essentially a pair of cross-coupled inverters, 

and as seen from the figure, the propagation through them 

boils down to the propagation delay analysis as presented in 

[10].  The equation that relates the PT  is 

DD

P
V

C
T

β

6.1
=                                                            (5) 

      Here, it is seen that, a greater width will result in a lesser 

propagation delay. The same relation holds for the latch that is 

viewed only as a pair of cross coupled inverters. Thus, the 

widths of the transistors in the latches are sized up from Ilsb to 

128* Ilsb. In effect, the propagation delays through the 

switches increases from Ilsb onwards, while the propagation 

delays through the latches decreases. This helps achieve 

synchronisation of propagation delays through the latch-

switch combinations, thus reducing significantly the number 

and magnitude of glitches. Hence all timing related errors 

degrading the static performance are nullified. Table 1 shows 

the propogation delays of latch – switch combinations for 

various bit position.   

 
Fig. 4. Latch schematic 

 

TABLE 1. Latch – Switch Propagation Delays 

Bit position Latch (ps) Switch (ps) Overall (ps) 

0 157.1 174.4 245.8 

1 157.1 162.3 236.9 

2 157.1 156.1 231.9 

3 167.4 165.2 254.3 

4 175.7 165.4 254.3 

5 163.6 168 244.2 

6 160.9 174.8 248.7 

7 158 190.7 255.1 
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Fig. 5. An 8 bit binary INL 

 
 

Fig. 6. An 8 bit binary DNL 

IV. INTEGRATION WITH THERMOMETER SECTION – THE 12 BIT 

DAC 

Having generated the 8 bit binary DAC, its integration with 

the 4 bit thermometer section is considered, to obtain the 12 

bit segmented DAC. b11 and b10 are passed through a 2 binary 

to 3 thermometer row decoder and b9 and b8 are passed 

through another 2 binary to 3 thermometer column decoder, to 

obtain 6 signals in all. These signals are further passed 

through a row column decoder in order to activate 15 

thermometer current sources, each of value 256 Ilsb. However, 

since the critical path length is longer for the thermometer bits, 

a dummy decoder is used for the binary bits, to help equalize 

the path delays for the thermometer and the binary bits. 

V. SIMULATION RESULTS 

The 12 bit DAC is powered by a 3.3V supply, resulting in a 

maximum output current of 40mA to the 50 ohm termination 

resistor. Thus a differential analog output voltage range of -1V 

to +1V is obtained. As shown in Fig.5 and Fig.6, the DNL and 

INL as seen from ELDO simulations of the 8 bit binary DAC 

are within ±0.22LSB and ±0.07LSB, respectively. The INL of 

the proposed DAC (4 thermometer and 8 binary bits) and that 

of the scheme normally implemented (8 thermometer and 4 

binary bits) are less than ±0.6LSB and ±0.4LSB  respectively. 

Similarly, the DNLs of the same are less than ±0.5LSB and 

±0.1LSB which are shown in Fig.7. The Spurious Free 

Domain Range (SFDR) at 1MHz input signal for both the 

schemes are shown in Fig.8. yielding 78dB and 87dB 

respectively. Further, Fig 9 shows the variation of the SFDR 

across several frequencies of input signals, for the 4bit 

thermometer-8 bit binary; 8bit thermometer-4 bit binary 

architectures. The simulation results of both the schemes are 

listed in  Table 2. The power consumed by the proposed DAC, 

as seen from ELDO-SPICE simulations is 15% lesser than the 

conventional one. The DAC, given its binary dominant 

segmentation also enjoys significant area advantages as it 

occupies an area of 0.0725mm
2
 as compared to an area of 

0.105mm
2
 occupied by the conventional architecture. 

 

 
 

(a)  

 
(b)  
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(C ) 

 

 
 

(d)  
Fig. 7. (a) DNL, (b) INL for 12 bit – 4 thermometer + 8 binary DAC, 

(c) DNL, (d) INL for 12 bit – 8 thermometer + 4 binary DAC 

 
 

(a)  

 

 
 

(b)  

 
Fig. 8. (a) SFDR @ 1MHz 12 bit – 4 thermometer + 8 binary DAC, (b) 

SFDR @ 1MHz 12 bit – 8 thermometer + 4 binary DAC 

 

 
Fig. 9. SFDR Vs Frequency  

 

TABLE 2. Simulation Results of the 12 bit DAC 

Features/ 

Architecture 

8 Thermo + 4 

Binary 

4 Thermo + 8 

Binary 

Resolution  12bit 12bit 

Update Rate 400 MSPS 400 MSPS 

DNL (LSBs) 0.036 0.65 

INL (LSBs) 0.63 0.7 

SFDR (dB) 87.37 78.31 

Current source area 

(mm2) 

0.082 0.070 

Digital area (mm2) 0.023 0.0025 

Power (mW) 120mW 102mW 

Voltage 3.3 V 3.3 V 

Process 350 nm 350 nm 
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VI. CONCLUSION 

     In this paper, a 3.3V 12 bit NMOS Current Steering DAC 

implemented on a AMI 350nm CMOS technology has been 

discussed. The integration explores a 4 bit thermometer- 8 bit 

binary segmentation, as compared to the conventionally 

followed segmentation rules suggested by [6]. The static 

performance of the binary section has been significantly 

improved by achieving synchronization in current switching 

through the custom design of latches. This scheme opens the 

possibility of using more number of binary bits in the 

segmented DAC and hence occupies a silicon area of 

0.0725mm
2 

which is 30% less than the conventional 

segmentation used in literature. Thus, this DAC, through a 

marginal sacrifice in static performance, however makes 

significant improvements in the silicon area occupied and the 

amount of power dissipated. 

 

REFERENCES 

[1]  M. Gustavsson, J.J. Wikner, and N. Tan, CMOS data converters for  

      communications, Kluwer Academic Publishers, Boston, U.S.A, 2000,  

      ISBN 0-7923-7780-X. 
[2] Jose Bastos, Augusto M. Marques et al. A 12-bit intrinsic accuracy high- 

      speed CMOS DAC. IEEE J Solid-State Circuits, 1998 33(12): 1959. 

[3] Takakura H, Yokoyama M.,and Yamaguchi A. A 10 bit 80 MHz glitchless  
     CMOS D/A converter Proc. IEEE 1991 Custom Integrated Circuits Conf. 

     (CICC), May 1991: 26.5.1. 

[4] M. J. M. Pelgrom, A. C. J. Duinmaijer, and A. P. G. Welbers, “Matching  
     properties of MOS transistors,” IEEE J. Solid-State Circuits, vol. 24, pp.  

    1433–1440, Oct. 1989.   

[5] J. Vandenbussche, G. V. der Plas, G. Gielen, and W. Sansen,  “Behavioral  
     model of reusable D/A converters,” IEEE Trans. Circuits Syst. II, vol. 46, 

     pp. 1323–1326, Oct. 1999. 

[6] C.-H. Lin and K. Bult, “A 10-b 500-Msample/s CMOS DAC in 0.6 mm2,”  
       IEEE J. Solid-State Circuits, vol. 33, pp. 1948–1958, Dec. 1998. 

[7] An I/Q channel 12 bit 12OMS/s CMOS DAC with three stage  

      thermometer decoders for WLAN Seong-Min Ha, Tae-Kyu Nam, and  
      Kwang S. Yoon. 

[8] K.Ola Andersson, M. Vesterbaka,  “Modeling of Glitches due to Rise/Fall  

      Asymmetry in Current-Steering Digital-to-Analog Converters,” IEEE  
      Transactions on Circuits and Systems, Vol.52, No.11, nov.2005. 
[9]  P.C.W. van Beek, J.A. Hegt, A.H.M. van Roermund “Optimum 

       segmentation for high speed current steering digital-to-analog converters”,  
       ProRISC 2004, Veldhoven, The Netherlands, 2004. 

 [10] AS Sedra, KC Smith, “Microelectronic Circuits,” 5th edition, Oxford  

          University press, London. 

 

 

 

2010 International Conference on Signal and Image Processing 387

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY SURATHKAL. Downloaded on March 23,2021 at 04:23:12 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /LeaveColorUnchanged
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


