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Jitter is a matter of great concern for high-speed digital designers because of its ability to degrade the overall
system performance. Designing a low-jitter and wide-band phase locked loop (PLL) system is of practical
importance because of its application in high speed digital systems. This paper presents experimental results
of a low-jitter wide-band dual cascaded PLL system using a single crystal oscillator. The first PLL employs a
voltage-controlled crystal oscillator (VCXO) to eliminate the input jitter whereas the second PLL provides
wide bandwidth. Field Programmable Gate Array (FPGA) is used to generate a jittered clock source which is
then passed through the proposed system to achieve wide-band and low-jitter signal. Experimental results are
presented to validate the proposed technique for different carrier frequencies.

1. INTRODUCTION

Phase locked loop (PLL) is a negative feedback
loop basically used to synchronize an output signal
with a reference or input signal in phase as well as fre-
quency [1]. A basic PLL consists of three main blocks,
namely, the phase detector, the loop filter and the
voltage controlled oscillator (VCO). PLL is designed
to simplify different tasks such as clock recovery, data
retiming, frequency translation and clock smoothing
applications. The output signal from the PLL suffers
from an associated jitter [2—5] especially at high bit
rate resulting in elevated bit error rate (BER) at the re-
ceiver side which may cause serious malfunctioning of
the overall system if this error exceeds a certain thresh-
old level.

Jitter is defined as the misalignment of edges in a
sequence of data bits from their ideal positions and it
can cause data errors. Three main types of jitter are cy-
cle-to-cycle jitter [6], period jitter [7] and long-term
jitter [8]. As the recovered signal is always jittered it is
important to pass the signal through a special circuit to
achieve a jitter free or low-jitter signal.

The objective of this paper is to experimentally in-
vestigate a low-jitter and wide-band system using two
PLLs in cascade configuration. Behavioral modeling
and simulation of the proposed system has already
been dealt with in a previous paper [9]. Two PLLs as
compared to single PLL are capable of operating over
awide frequency range meeting all the requirements of
the individual standards in telephone carrier system.

The remainder of this paper is organized as follows.
Section 2 presents a brief review of jitter reduction
techniques. The details of dual cascaded PLL model is
discussed briefly in section 3. Section 4 presents the
experimental setup of the proposed system. Experi-
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mental results are further discussed in section 5. Final-
ly, conclusions are presented in section 6.

2. JITTER REDUCTION TECHNIQUES

In order to reduce the jitter, it is important to iden-
tify the root cause. Many jitter reduction techniques
have been reported in the open literature. One of these
techniques is to change the filter design to narrow
down the PLL bandwidth and to make the phase noise
at the VCO input as low as possible [10, 11]. Another
technique is to reduce the power supply noise [12, 13].
Heydari et al. proposed a mathematical model for cal-
culating the power supply noise inducing timing jitter
in PLLs. This is done by eliminating ground bounce,
using additional filter to minimize the effect of the
sudden changes of the supply voltage and by having a
good grounding to discharge the unexpected charges
to ground [13].

A technique proposed for high frequency is by us-
ing dual phase frequency detector [14]. This design us-
es two phase detectors, the first phase detector is a
multiplier and the second one is a phase and frequency
detector. In [15], a modified low power consumption
charge pump is used as phase frequency detector, which
proved useful in improving the jitter characteristics of a
PLL by blocking the control voltage leakages.

Finally, using a PLL with voltage controlled crystal
oscillator (VCXO) helped in generating a stable, low-
jitter clock in the recovered signal [16]. A drawback of
such technique is that one has to use a VCXO with the
same frequency of the input jittered clock. This means
that each carrier system needs to use a VCXO working
at the same clock frequency. For example, for E| tele-
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Fig. 2. Circuit Model.

phone carrier system, VCXO has to provide exactly
2.048 MHz signal.

3. DUAL CASCADED PLL SYSTEM

The two important solutions usually used for re-
ducing jitter are those given in [11, 16]. Both these
techniques work properly and were successful in re-
ducing the jitter appreciably especially the second one
is more effective. Both these techniques may be used
for only one bit rate or clock frequency.

For example, in the second technique, a separate
VCXO is needed for each bit rate. However, in this pa-
per, we present dual cascaded PLLs as shown in Fig. 1.
The recovered clock from the first loop is jitter bound-
ed due to the effect of the VCXO. The second loop is a
wide frequency band (wide lock-in range) to cover
several standard data rates.
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Under steady state operation and while the two
loops are in locking conditions, we can deduce the fol-
lowing relationship:

_ NN,

foul - M1M2 fin'

The above relationship shows that the output fre-
quency f,, may be programmed by selecting (V,, N,
M, and M,) to be equal to f,,, independent of VCXO
frequency when N\N, = M M,. It means that we can
generate several clock frequencies using single VCXO.
The system presented in Fig. 1 is tested experimental-
ly. The details of the experimental setup and the results
obtained are presented in the following sections.

4. EXPERIMENTAL SETUP

In order to validate the proposed system we first
built a circuit model as shown in Fig. 2. It consists of four
dividers (M|, N,, M,and N,) and two PLLs. The first one

5%
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Fig. 3. Block diagram of TRU050 VCXO based PLL.

is a narrow band PLL with a VCXO (TRU050) available
from the Vectron international [17]. The block diagram
of TRUO050 is shown in Fig. 3. The second one is a wide-
band PLL with a VCO (74HC/HCT4046) available
from NXP semiconductors [18]. It consists of all parts
necessary to make a PLL except for the loop filter
components. The programmable frequency dividers
needed to complete the dual loop structure are built
using Xilinx Spartan XCS10 FPGA (Field Program-
mable Gate Array).

A major problem in this work was to generate a jit-
tered signal for testing because it is difficult to find an
appropriate hardware source that can generate such
signal. The problem was overcome by using an FPGA
test card which is used for checking LeCroy oscillo-
scopes (WaveRunner 6100 series). This card can
generate various jittered signals that can be used for

testing the proposed system. Lecroy’s jitter and timing
analysis (JTA2) software package is used for the mea-
surement and analysis of jitter.

A jittered signal generated using the FPGA test
card is fed as an input to the first PLL. A low jittered
signal is available at the output. This signal is then fed
as an input to the second PLL that is connected in cas-
cade with the first system. The output available from
the second system can cover a wide range of frequen-
ciesup to 14 MHz.

However, using another PLL with a wider VCO fre-
quency range such as ADF4001 from Analog Devices,
it is possible to cover variety of carrier frequencies
ranging from 7, (1.544 MHz) to 75 (45 MHz) and E|

(2.048 MHz) to E, (140 MHz) [19].

Help
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Fig. 4. Jitter measurement for frequency divider (N = 100).

MMPUBOPHI U TEXHUKA DKCITEPUMEHTA  Ne 3

2011



EXPERIMENTAL RESULTS FOR LOW-JITTER WIDE-BAND DUAL 69

Cursors

File Vertical Timebase Trigger Dis

Measure P1:dper@wCz) P2:dper@iviC2)
value 56 ns

status v
2.00 Vidiv
0 mY offset

Measure Math Analysis

Utilities  Help

P3--- Pén--- P& - - [

50.0 psidivl S
S50.0kS 100 MSis

LOSIN
r-lOO- __%5___7
|
1.544 Mb/s NRZ | 15 24704 Mia
DATAIN |7 g VCXO —?—>OUT1
Phase 5 |
4¢—> Detect § I |
1'54&]}2?1\? K - Divider | M3 1.544 MHz
' byl [ [ OUT2
[ TRU050 !

RCLK RDATA

Fig. 6. Configuration of first PLL (TRU050) [17].

5. EXPERIMENTAL RESULTS

Four types of measurement were done to measure:
1) Cycle-to-cycle jitter;

2) Root mean square (RMYS) jitter;

3) Accumulated jitter;

4) Time interval error (T1E).

The four frequency dividers were built using a
74192 counter plus a D-Type flip-flop to cover wide
range of frequencies and 50% duty cycle respectively.

R
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| 16 Vphi 2 ,VV\, C
% ; v f Yo
_“ il 14 2 & 4046 I _L_
Vi "D I: j OR PD =
€L o
= 3 s
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Fig. 7. Configuration of second PLL (74HC4046) [18].
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We also used Xilinx Spartan XCS10 FPGA based
board to modify the value of the dividers. Figure 4 de-
picts the output signal of the frequency divider with
N =100, measured using a high-speed oscilloscope.
The measured jitter in this case is 811 ps as shown in
Fig. 4. For a divider with N = 200, the measured jitter
is 5.6 ns as shown in Fig. 5. Jitter in both the cases is
reduced after passing through the frequency dividers.

The first PLL circuit was implemented with exter-
nal components that include resistors and capacitor.
The circuit diagram is shown in Fig. 6. The second
PLL (74HC4046) contains all the necessary parts to
implement a PLL except for a handful of resistors and
capacitors. Resistor of values 10, 20 and 330 kQ as well as
capacitors of capacitances 0.1 and 2.2 pF are used. The
circuit diagram of the second PLL is shown in Fig. 7.

By applying highly jittered signal to the system and
measuring the output jitter at frequency 1.544 MHz
(T, Carrier), we can deduce the jitter behavior of the
system. The output from the oscilloscope is as shown
in Fig. 8, where the upper part represents the carrier
frequency. The middle portion of the figure shows the
tracking jitter. The lower portion is the jitter histo-
gram. The jitter statistics considered in this paper are
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Fig. 9. Jitter measurement for E; carrier (2.048 MHz).
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Fig. 10. Jitter measurement for 4 MHz carrier.

cycle to cycle jitter, RMS jitter and accumulated jitter.  variations. As shown in Fig. 8, the output jitter is re-
The TIE has also been measured. TIE measures the duced to 37.5 ps as compared to the input jitter which
position of each edge in a waveform and compares it to is 5.6 ns.

the position the edge would have if the waveform fre- The same experjmentation is done for E'1 carrier

quency was perfect. This analysis can reveal modula-  (2.048 MHz). As can be seen on the left hand side of
tion effect, phase noise, and other sources of timing  Fig. 9, the carrier frequency (£)), its histogram, track-
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Fig. 11. Jitter measurement for 24.77 MHz carrier.

ing jitter and the jitter histogram are represented from
top to bottom. The right hand side of the Figure from
top to bottom shows another reading of the tracking
jitter and the restored carrier frequency respectively.
The same jitter statistics are considered here. As
shown in Fig. 9, the value of the jitter was reduced
from 5.6 ns in input to 85 ps in the output.

The process of jitter measurement was repeated for
different values of carrier frequency such as 4 MHz
(Fig. 10), 13 MHz and 24.77 MHz (Fig. 11). The input
and output jitters for different carrier frequencies are
summarized in Table.

6. CONCLUSIONS

PLL is an important module used in mixed signal
integrated circuits and systems. It is widely used for
clock recovery, data retiming, frequency translation
and clock smoothing applications. However, jitter in
PLL causes set-up and hold-time violations in digital
circuits and this leads to data transmission errors.
Hence, it is necessary to use jitter-free or low jitter sig-
nal source.

In this paper, a low-jitter and wide band dual cas-
caded PLL system is experimentally verified for differ-
ent carrier systems such as American (7; — 73) and
European (E, — E,). The recovered clock from the first
PLL is jitter bounded due to the effect of the VCXO.

Jitter measurement summary

Carrleﬁ“rl_elczluency, Input Jitter, ns | Output Jitter, ps
1.544 (T)) 5.6 37.5
2.048 (E) 5.6 85
4 5.6 121

13 5.6 160
24.77 5.6 109
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The second PLL is a wide frequency band (wide lock-
in range) to cover several standard data rates.

The experimental results demonstrate that the jitter
behavior is almost directly proportional to the carrier
frequencies ranging from 1.54 MHz up to almost
10 MHz, and then it remains almost constant for fre-
quencies ranging from 10 MHz up to 24.77 MHz.
Lecroy’s JTA2 software package is used for the ad-
vanced jitter and timing analysis. The experimental re-
sult verifies the validity of the proposed system.

ACKNOWLEDGMENTS

The author would like to thank Prof. Dr. Moham-
med Abou El Ela (King Saud University), Dr. Jim No-
ras (University of Bradford) and the staff of Research
center, College of Engineering, King Saud University
for their support.

REFERENCES

1. Mann, A., Karalkar, A., He, L., and Jones, M., Proc. of
11th Intl. Symp. on Quality Electronic Design (ISQED),
2010, pp. 528—531.

2. Some, Y.K., and Kam, PY., IEFE Proceedings-Commu-
nications, 1995, vol. 142, no. 5, pp. 292—296.

3. Thain Jr.,, W.E., and Connelly, J.A., Proc. of IEEFE Intl.
Symp. Circuits and Systems, 1995, vol. 3, pp. 1760—
1763.

4. Jitter in PLL-Based Systems: Causes, Effects and Solu-
tions, Cypress Semiconductor Corporation, 1997.

5. Heydari, P., and Pedram, M., Proc. of IEEE Custom In-
tegrated Circuits Conf., 2000, pp. 443—446.

6. Herzel, E, and Razavi, B., IEEFE Trans. on Circuits and
Systems 11: Analog and Digital Signal Processing, 1999,
vol. 46, no. 1, pp. 56—62.

7. Wolaver, D.H., Phase-Locked Loop Circuit Design, New
Jersey: Prentice Hall, Englewood Cliffs, 1991.

8. Best, R.E., Phase-Locked Loops: Design, Simulation,
and Applications, New York: McGraw Hill, 2007.

2011



72

10.

11.

12.

13.

TELBA

Telba, A., Qasim, S.M., Noras, J.M., Almashary, B.,
and El Ela, M.A., J. of Active and Passive Electronic De-
vices, 2009, vol. 4, no. 4, pp. 321-334.

Hajimiri, A., and Lee, TH., IEEE J. Solid-State Cir-
cuits, 1998, vol. 33, no. 2, pp. 179—194.

Kihara, M., Ono, S., and Eskelinen, P., Digital clocks
Jfor synchronization and communications, Artech House,
2003.

Pialis, T., and Phang, K., Proc. of IEEFE Intl. Symp. Cir-
cuits and Systems (ISCAS), 2003, vol. 1, pp. 685—688.

Heydari, P., IEEE Trans. on Circuits and Systems I:
Regular papers, 2004, vol. 51, no. 12, pp. 2404—2416.

MMPUBOPHI U TEXHUKA DKCITEPUMEHTA  Ne 3

14

15.

16.

17.

18.

19.

Ware, K.M., Lee, H.-S., and Sodini, C.G., IEEFE J.
Solid-State Circuits, 1989, vol. 24, no. 6, pp. 1560—
1568.

Yan, W.S.T., and Luong, H.C., IEEFE J. Solid-State Cir-
cuits, 2001, vol. 36, no. 2, pp. 204—216.

AN-531, DART Degjitter PLL Design and Analysis,
Application note, TranSwitch Corporation, 2004.
TRUO050,  http://www.vectron.com/products/fxcdr/
tru050.pdf
http://www.nxp.com/documents/data_sheet/74HC _
HCT4046A_CNV.pdf

ADF4001: 200 MHz clock generator PLL, http://
www.analog.com/en/rfif-components/pll-synthesizer-
svcos/adf4001/products/product.html

2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


