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Abstract. A new quadrature voltage controlled oscillator
(QVCO) circuit topology is proposed for low-voltage and
low-power applications. In the proposed circuit, two
oscillators with current-reused structure are coupled to
each other by two P&N-MOS pairs. In this way, low phase
noise quadrature signals are generated with low-voltage
and low-power. The simulation is made by Cadence in
chartered 0.18 um CMOS process. The simulation result
shows that the QVCO phase noise is approximately -
117.1 dBc/Hz at IMHz offset from 1.8 GHz operation
frequency. The QVCO dissipates 1.92 mW with a 1.1 V
supply voltage.
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1. Introduction

Recently, the monolithic integrated chip with low-
voltage and low-power has been increasingly concerned in
wireless communication systems. The direct-conversion
transceiver has been dramatically increased in recent years
because of low-power, low cost, and low phase error
requirement [1]. The quadrature VCO is one of the key
elements in direct-conversion transceiver system. The
design of QVCO mainly focuses on low cost, low phase
noise, low-power [2]. There are normally three ways to
generate quadrature signals [3]. Firstly, the quadrature
signals can be obtained by feeding the differential outputs
of VCO to a poly phase filter [4]. It is hard to get accurate
quadrature signals because the resistors and capacitances
are seriously sensitive to parasitic and process variation at
a high operation frequency. The second way is to make the
VCO work at double the desired frequency, and the
quadrature signals at the desired frequency can be gotten
by a frequency divider [5], [6]. This approach has the
advantage of avoiding any pushing and pulling effect on
the VCO. However, a higher oscillation frequency and the
frequency-dividing circuit result in an increased power
consumption level. The third way is to couple two identical
LC-tank oscillators [7-12]. This method provides wide-

band quadrature accuracy and superior phase noise per-
formance. However, it should be pointed out that this
QVCO needs two identical LC-VCOs. Therefore, the
power and the area should be carefully considered.

In the third method, several kinds of VCOs are used
to generate quadrature signals by different coupling meth-
ods. One of the most common LC-tank oscillators is the
complementary LC-VCO [13], which can be coupled to
generate quadrature signals through simple coupling ways
[7-9]. This structure has the benefit of generating
symmetric waveforms and minimizing the up-conversion
gain of low frequency noise. However, it is not easy to
operate under low voltage environment because the supply
voltage flows through three stacks of MOS transistors, and
the power is very large. Then only NMOS cross-coupled
VCO [14] and only PMOS cross-coupled VCO [15] are
used to generate quadrature signals [10], [11], those
structures can be operated under a low supply voltage, and
it is also very convenient to be coupled by simple MOS
transistor pairs. However, the cross-coupled MOS transist-
ors are always in conductive state during the whole period.
Then the power is still relatively large. Since low power is
becoming the focus in the design, the current-reused
structure VCO [16] is adopted to generate quadrature sig-
nals. It is different from the conventional cross-coupled LC
VCO [17], the transistors of this VCO are only switched on
in the first half of period, which greatly reduces the power
dissipation. However, the coupling way of this VCO is dif-
ferent from the conventional VCO. The conventional
parallel or serial coupling way can not make this VCOs
work normally. For this reason, Huang [12] proposed CR-
QVCO by combining the current-reused topology with the
transformer-coupling scheme, which can achieve low
power and low supply voltage. However, the phase noise is
not very good because the quality-factor of the integrated
transformer is very low, and the implement circuit is also
complicated.

In this paper, a new QVCO for low-voltage and low-
power applications is proposed. The circuit is based on two
identical current-reused VCOs, which are coupled to each
other by simple P&N-MOS pairs. It not only takes the
advantage of current-reused structure VCO, but also adopts
the simple P&N-MOS coupling way, which reduces the
complication of the related QVCO, and avoids the draw-
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backs caused by transformer coupling in reference [12].
Therefore, the proposed QVCO has the characteristics of
low voltage, low power, low phase noise and simple
structure.

2. Proposed Quadrate Oscillator

The schematic of the proposed P&N-MOS pair QVCO
is shown in Fig. 1. It mainly consists of two identical
current-reused structure LC-VCOs. The P&N-MOS pairs
are used to couple the VCOs for generating quadrate
output signals, and four resistors are used to adjust the DC
operation point of this circuit, which makes the output
voltage more symmetrical. Unlike the operation of the
complementary transistors in a conventional CMOS QVCO,
this topology uses both NMOS and PMOS transistors as
a negative conductance generator. The series stacking of
the NMOS and PMOS drive the current in the half of
period and let the LC tank discharge in another half period
to create the oscillation, then the power is greatly reduced.
As there is no current limiting structure in this VCO,
arelatively large transistor’s length should be set to limit
the circuit’s operation current. The threshold voltage of the
transistor can be reduced by enlarging the transistor’s
width, and only two stages of transistors are used from
supply voltage to ground voltage, which makes this VCO
work under low voltage environment. Furthermore, the
phase noise is better than conventional low power

dissipation VCO.
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Fig. 1. The proposed P&N-MOS pair coupling QVCO.

2.1 The Current Reused LC-VCO Analysis

The large signal equivalent circuit of the current-
reused LC-VCO [16] is shown in Fig. 2, where C is the
tank loaded capacitor and Cp are the parasitic capacitors of
the transistors of M1 and M2. As is shown in Fig. 2(b), the
voltage of node A is high and the voltage of node B is low,

which makes the transistors of M1 and M2 switched on
simultaneously in the first half of period. On the contrary,
as is shown in Fig. 2(c), the transistors are switched off
simultaneously in the last half of period. The transistors of
the conventional LC VCOs are switched on alternately, but
the transistors of the current reused VCO are switched on
and off simultaneously, which makes the VCO save half of
the power.
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Fig. 2. The current reused LC-VCO.
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2.2 P&N-MOS Pair Coupling Analysis

The coupling principle is as follows. As shown in
Fig. 1, the current across the transistor M1 (/;;) and M7
(1457) are expressed in (1):

]dsl =(VA _VRl)'gmla Ids7 =VD “Em7 (1)

where V; and V) are the voltages of node A and node D
respectively, Vi, is the voltage across the resistor Ry, g,
and g, are the transconductances of the transistors M1 and
M7 respectively.

The current /¢ is depicted in (2):
Too =g + 14 = (VA —Vm)'gml +Vp - &ur- (2

Since the resistances in this circuit are mainly to make the
output waveform stable and the value is very small, the
voltage across the resistor R can be ignored.

At the time of AC signal analysis,
Ve =—Vp. 3)
Therefore, (2) can be simplified, as depicted in (4):
Ve &7 “

lee =Va 8m

The voltage of Node C is expressed in (5) at the time
of AC signal analysis.

ve =vp ~ice - Z(jw) )
where Z(jo) is the impedance of the resonance net.

Combining (3) and (5), the equation (6) can be
obtained as
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—i 7(q
ve=— = b ©)

Combining (4) and (6), the equation (7) can be obtained as

7(i
ve :(Vc _Eml VAj'g”ﬂ (JW)‘ )
Em7 2

The current 7,4 is depicted in (8):
IAA' :[ds4+ldsS:(VD_VR4)'gm4+VB'gm5' 3

The voltage across the resistor R4 can be also ignored, the
reason is the same as mentioned above.

At the time of AC signal analysis:
Vg ==V . ©)

Combining (3), (8) and (9), equation (8) can be simplified,
as depicted in (10):

(10)

Lyg =7Ve 8ma = Va 8ms-

The voltage of Node A is expressed in (11) at the time of
AC signal analysis.

(11

Combining equations (9), (10) and (11), the equation (12)
can be obtained as

v, :(VA + 8m4 VC]' ngZz(jw) .

Vy=vg =i, -Z(jw).

(12)

Now adjust the parameters of the transistors, and
make sure the transconductances of the transistors meet
equation (13):

Eml =8ma> Em7 = 8ms - (13)

Combining (7), (12) and (13), the equation (14) can be
obtained as

Vi+vE =0, v, =%/ v (14)
According to the principles described above, (15) can be
obtained:

2.2 _ 4
vg+vp =0, vp=%j-v,.

(15)

Equation (14) and (15) show that quadrature

differential signals are generated.

3. Simulation Result

The proposed quadrature LC-VCO is simulated in
chartered 0.18um CMOS process by Cadence. The output
quadrature waveforms in 1.8 GHz are shown in Fig. 3.
Fig. 4 shows the simulated phase noise of this work, the
phase noise at 1 MHz offset is -117.1 dBc/Hz while the
carrier is 1.8 GHz. The VCO’s output frequency tuning

range is illustrated in Fig. 5. The layout is shown in Fig. 6,
and the chip area is 0.28 x 052 mm” This VCO operates
with the 1.1 V supply voltage and the power consumption
is 1.92 mW.
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Fig. 3. The quadrature output waveforms at 1.8 GHz.
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Fig. 4. The output phase noise at 1.8 GHz.
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Fig. 5. The output frequency versus the control voltage of
QVCO.

The Figure of Merit (FOM) introduced in [18] is used:

Pdc ) (16)
ImW

FOM = L(A@)— 20 log( Z’—O) +10 log(
[4)

where L(Aw) represents the phase noise at the offset
frequency of Aw, Py is the power dissipation in the
QVCO. Based on this definition, the FOM of the proposed
QVCO is -179.4 dBc/Hz. A list of performance of this
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work and previously published QVCO is shown in Tab 1.
This QVCO has the characteristic of low power, low phase
noise and simple structure by contrast.

Fig. 6. The layout of the proposed QVCO.

Ref. Tech Freq Power Vit P.N FOM
’ [pm] [GHz] [mW] V) [dBc/Hz] [dBc]

0.18 -108

[7] CMOS 4.06 13.7 1.8 [(@IMHZ] -172.5
0.18 -119.3

[8] CMOS 5.28 11.2 1.4 [(@IMHZ] -183
0.18 -104.69 "

[9] CMOS 24 10.8 0.6 [(@IMH7] -171
0.18 " -116 -

[10] CMOS 32 147 15 [@1MHz] 179.8*
0.18 -113.5 "

[11] CMOS 3.6 14.6 1.8 [(@IMHZ] -173
0.18 -111.2

[12] CMOS 7.128 22 1.0 [(@IMH7] -184.8

This
0.18 -117.1

wlz)r CMOS 1.8 1.92 1.1 [(@IMHz] -179.4

*the result is estimated

Tab.1. Performance summaries of the proposed QVCO and
comparison with other published QVCO.

4. Conclusion

A new P&N-MOS pair coupling QVCO has been
presented in this paper. It has the advantage of low voltage,
low power, and simple structure. The simulation is made by
Cadence in chartered 0.18 pm CMOS process. The QVCO
phase noise is approximately -117.1 dBc/Hz at 1 MHz
offset from 1.8 GHz operation frequency while dissipating
1.92 mW from a 1.1 V supply. It is suitable for low-voltage

and low-power wireless communication system applications.

Acknowledgements

This work is supported by the Key Science and
Technology Project of Changsha City (No. K0902012-11),
the Science and Technology Project of Hunan Province
(No. 2010GK3052).

The authors wish to thank the anonymous reviewers
for their valuable suggestions, which helped improve the
quality of the paper.

References

[1] KWON, L, SONG, S., KO, J. A 1.2-V 8-mW 2.4-GHz CMOS RF
receiver IC for low power WPAN. In IEEE Sarnoff Symposium.
Princeton (USA), 2006, p. 1 —4.

[2] ZAFAR, S., AWAN, M., ZULKIFLI, T. Z. A. 5-GHz low phase
noise quadrature VCO in 0.13-um RF CMOS process rechnology.
In [EEE 10" Annual Wireless and Microwave Technology
Conference. Florida (USA), 2009, p. 1 — 4.

[3] ANDREANI, P., BONFANTI, A., ROMANO, L., et al. Analysis
and Design of a 1.8-GHz CMOS LC quadrature VCO. [EEE
Journal of Solid-State Circuits, 2002, vol. 37, no. 12, p. 1737 —
1747.

[4] MALIGEORGOS, J. P., LONG, J. R. A low voltage 5.1-5.8 GHz
image reject receiver with wide dynamic range. IEEE Journal of
Solid-State Circuits, 2000, vol. 35, no. 12, p. 1917 — 1926.

[5]1 JEON, S., JUNG, S., LEE, D., et al. A fully integrated CMOS LC
VCO and frequency divider for UHF RFID reader. In /EEE North-
East Workshop on Circuits and Systems. Gatineau (Canada), 2006,
p. 117 -120.

[6] USAMA, M., KWASNIEWSKI, T. A. A 40 GHz quadrature LC
VCO and frequency divider in 90-nm CMOS technology. In /EEE
International Symposium on Circuits and Systems. Louisiana
(USA), 2007, p. 3047 — 3050.

[71 YUAN, H., FU, Z., LIN, F., et al. A 4-GHz CMOS quadrature
VCO with 20% tuning range for UWB system. In [EEE Asia-
Pacific Microwave Conference. Hongkong (China), 2008, p. 1 — 4.

[8] SHEN, I. S., HUANG, T. S., JOU, C. F., et al. A low phase noise
quadrature VCO using symmetrical tail current-shaping technique.
IEEE Microwave and Wireless Components Letters, 2010, vol. 20,
no. 7, p. 399 — 401.

[9] LU, C. T., HSIEH, H. H., LU, L. H., et al. A low power quadrature
VCO and its application to a 0.6-V 2.4-GHz PLL. IEEE
Transactions on Circuits and Systems, 2010, vol. 57, no. 4, p. 793
—802.

[10] WANG, Y., ZHU, Y. F,, JIANG, N., et al. A low phase noise
quadrature LC-VCO in 0.18-um CMOS technology. In /EEE
Global Symposium on Millimeter Waves. Nanjing (China), 2008, p.
33 -36.

[11] RAMIAH, H., ZULKIFLI, T. Z. A. design of 3-4 GHz tunable low
noise LC-QVCO for IEEE 802.11a application. In IEEE Asia
Pacific Conference on Circuits and Systems. Singapore, 2006, p.
506 — 509.

[12] HUANG, T. H, TSENG, Y. R. A 1V 22 mW 7 GHz CMOS
quadrature VCO using current-reuse and  cross-coupled
transformer-feedback technology. IEEE Microwave and Wireless

Components Letters, 2008, vol. 18, no. 10, p. 698 — 700.

—

[13

[t}

HE, X., KONG, W, FIRESONE, T., et al. Phase noise optimization
of a symmetric CMOS LC VCO. In IEEE International
Symposium on Industrial Electronics. Montreal (Canada), 2006, p.
2820 —2823.

[14] MOON, H., NAM, 1. 1.3 V Low close-in phase noise NMOS LC-
VCO with parallel PMOS transistors. Electronics Letters, 2008,
vol. 44, no. 11, p. 676 — 678.



364 C. WANG, G. PENG, M. MA, Z. LI, A LOW-POWER CMOS QUADRATURE VCO WITH CURRENT REUSED STRUCTUR

[15] ASTIS, G. D., CORDEAU, D., PAILLOT, J. M. A 5 GHz fully
integrated full PMOS low-phase-noise LC VCO. IEEE Journal of
Solid-State Circuits, 2005, vol. 40, no. 19, p. 2087 —2091.

[16] OH, N. ], LEE, S. G. Current Reused LC VCOs. [EEE Microwave
and Wireless Components Letters, 2005, vol. 15, no. 11, p. 736 —
738.

[17] WANG, Z., SAVCI, H. S., DOGAN N. S. 1-V ultra-low-power
CMOS LC VCO for UHF quadrature signal generation. In
International Symposium on Circuits and Systems. Kos (Greece),
2006, p. 4022 —4025.

[18] LI, Z., O, K. K. A-low-phase-noise and low-power multiband
CMOS voltage-controlled oscillator. /EEE Journal of Solid-State
Circuits, 2005, vol. 40, no. 6, p. 1296 — 1302.

About Authors ...

Chunhua WANG was born in Yongzhou, China, in 1963.
He received the B. Sc. degree from Hengyan Teacher’s
College, Hengyang, China, in 1983, the M. Sc. degree from
Physics Department, Zhengzhou University, Zhenzhou,
China, in 1994, and the Ph. D. degree from School of
Electronic Information and Control Engineering, Beijing
University of Technology, Beijing, China. He is currently
a Professor of School of Computer and Communication,

Hunan University, Changsha, China. His research interests
include current-mode circuit design, filtering, radio
frequency circuit design and wireless communication.

Guanchao PENG was born in Yueyang, Hunan, China, in
1984. He received the B. Sc. degree form School of
Information and Communication Engineering, Hunan
Institute of Science and Technology, Yueyang, China, in
2008. He is currently pursing his M. Sc. degree at Hunan
University. He focuses on radio frequency integrated
circuit design and UHF RFID system.

Minglin MA was born in Hunan, China, in 1978. He
received the B. Sc. degree in electrical engineering from
Xiangtan University, in 2002, and the M. Sc. degree in
electrical engineering from Xiangtan University, in 2005.
He is studying in Hunan University for the Ph. D. degree.
He is currently a teacher of School of Information
Engineering, Xiangtan University. His interests are focused
on the RF integrated circuit design.

Zhan LI was born in Xiangtan, Hunan, China, in 1986. He
received the B. Sc. degree from Hunan Normal University,
in 2008. He is studying in Hunan University for the M. Sc.
degree. His interests are focused on the CMOS integrated
circuit design.




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


