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Abstract—All-digital frequency synthesis using two low-pass
single-bit Multi-Step Look-Ahead sigma-delta modultors (MSLA
SDMs) is presented. MSLA SDMs provide better noise shaping
characteristics, i.e. SNDR and bandwidth, than conventional
SDMs at the cost of higher hardware complexity. The balance
between complexity and performance is adjusted by the number
of look-ahead steps, which is an additional design parameter.
The frequency synthesizer system is comprised of two identical
low-pass single-bit MSLA SDMs. Their inputs are orthogonal
sinusoidals generated by a direct digital synthesizer (DDS). The
frequency range of the synthesizer using a single clock signal
is determined by the oversampling ratio (OSR) of the SDMs. A
lower OSR results in a wider frequency range, but reduces the
output SNDR. System-level simulation results of the frequency
synthesizer are presented, showcasing the performance advantage
of using MSLA SDMs instead of conventional ones.

Index Terms—Sigma-delta, noise shaping, single-bit quanti-
zation, modulator, all-digital, quadrature, low-pass, synthesizer,
look-ahead

I. INTRODUCTION

Accurate and finely controled frequency synthesis is crucial
for many modern applications. Digital frequency synthesizers
have many advantages over mixed-signal and analog ones.
They exhibit excellent digital accuracy, high resolution fre-
quency control and fast frequency hopping. Furthermore, they
inherit all the advantages of digital circuits, such as immunity
to process, voltage and temperature variations, portability,
scalability, reconfigurability, faster design cycle and smaller
chip area.

Direct digital synthesizers (DDS) [1] are digital circuits
capable of generating a large number of frequencies using a
single reference clock. However, they require a DAC for their
operation, which is a mixed-signal component. All-digital al-
ternatives such as the PDDS (Pulse DDS) have been proposed,
but they introduce frequency spurs or a high noise floor [2].
Another approach is the use of a digital single-bit band-pass
sigma-delta modulator (SDM) to shape the quantization noise
out of the desired frequency band [3]. This requires that the
operating frequency of the SDM is at least twice that of the
maximum synthesizable frequency. Thus, the SDM speed is
the limiting factor.
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Arbitrary maximum synthesizable frequencies, limited only
by the speed of a digital miltiplexer, can be achieved using two
low-pass SDMs in quadrature configuration. The two low-pass
SDMs can be clocked at a lower frequency, while their outputs
are upconverted and interleaved by three digital multiplexers.
A fourth multiplexer running at a much higher frequency
can be used to generate an even higher output frequency.
This work replaces conventional SDMs in the aforementioned
configuration with single-bit Multi-Step Look-Ahead (MSLA)
SDMs [4]. They are digital SDMs that improve upon the noise
shaping characteristics and stability of conventional SDMs
by considering current and future quantization errors for the
determination of their output. Conventional SDMs only take
into account the instantaneous quantization error. This enables
the use of more aggressive NTFs (noise transfer functions)
leading to increased bandwidth, i.e. lower oversampling ratio
(OSR), while retaining higher signal-to-noise-and-distortion
ratio (SNDR) than conventional single-bit SDMs.

In the next section the proposed architecture is presented. In
section III system-level simultion results are shown, demon-
strating the performance advantage of using MSLA SDMs
over conventional ones. Section IV concludes the discussion.

II. FREQUENCY SYNTHESIS USING LOW-PASS MSLA
SDMS IN QUADRATURE UPCONVERSION SCHEME

In this section we first describe the proposed frequency
synthesizer arcitecture, followed by a brief discussion about
MSLA SDMs.

A. The Proposed Frequency Synthesizer Architecture

The proposed set-up is shown Fig. 1. Two DDSs are used
to generate two orthogonal sinusoidals with frequency

fe5 = (w/2") fe-

To avoid an image in the final signal spectrum, a 7/2 phase
difference is required between the I and Q components. This
is the reason why the initial value of the sine look-up table
(LUT) phase accumulator is wy = 0.5w, whereas the initial
value of the cosine LUT phase accumulator is wy = 0. The
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Fig. 1. All-digital frequency synthesizer using two 1-bit low-pass MSLA
SDMs in quadrature configuration.

two sinusoidal I and Q components x; and x¢ are fed to two
identical single-bit low-pass MSLA SDMs. They convert their
multi-bit inputs to two single-bit bitstreams. These are then
passed through a number of multiplexers that upconvert and
interleave them. The sampling frequency of each multiplexer
in Fig. 1 is shown under the multiplexer. The multiplexers
processing the MSLA SDM output signals toggle between
their inputs (normal and inverted) at a rate f.;, whereas the
next multiplexer toggles between the output of the I path
multiplexer and the output of the Q path multiplexer at a rate
2f.ix- This process results in an intermediate single-bit signal
yrr (Fig. 1) with frequency

fir = (faw/2) + fBB- )]

This might actually be the frequency to be generated, but in
the case that a higher frequency is desired another multiplexer
running at frequency 2K f.j; can be used. The resulting signal
is single-bit and has frequencies given by

frri=mfar F (fir/2), 0<m <K, me Nt (2

as long as 0 < frr,; < K fei.

Since the generated signal is single-bit, no DAC is required
and therefore the synthesizer is all-digital. However, an analog
bandpass filter is required in some applications to remove the
out-of-band quantization noise generated by the MSLA SDMs.

The bandwidth of the frequency synthesizer is determined
by the MSLA SDM OSR. The frequency range of the gener-
ated intermediate signal, i.e. the bandwidth of the frequency
synthesizer for the output signal y;r, for a given OSR is

Jew — fek  few etk
2 2-0SR™ 2 2-0SR |’

The bandwidth of the yrp signal is split into many frequency
bands. Each frequency given by (2) lies inside such a fre-
quency band. The frequency bands of the signal yrr are given
by

BWr =

_|_
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fes S
4 2-0OSR’

fex fek
1 T2.08R

mfer F mfen F 4

for the values of m valid in (2).
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Fig. 2. The MSLA SDM system diagram.

B. The Role of the MSLA SDM Design Choices

The MSLA SDM system diagram is shown in Fig. 2. It is
comprised of 7 + 1 two-input digital IR filters (L9, L}), k —
r < j <k, and an (r + 1)-input quantizer. The number of
look-ahead steps k adjusts the trade-off between hardware
complexity and performance. Typical values allowing for
improved performance with moderate complexity increase are
r =k, k € [3,8]. For a more detailed presentation the reader
is referred to [4].

The in-band noise and the SNDR are determined by the
MSLA SDM NTF order, the OSR and the NTF out-of-band
gain ||[NTF||s. A higher OSR results in higher SNDR at
the cost of a smaller in-band frequency range. The stability
limits of the sigma-delta loop manifest themselves as a type of
gain-bandwidth product. More specifically, in a conventional
single-bit SDM the NTF out-of-band-gain (gain) and 1/OSR
(bandwidth) product cannot exceed a certain value for the loop
to remain stable. In MSLA SDMs, as the number of look-
ahead steps k increases, so does the || NTF||o-1/OSR product.
Thus, for a certain OSR value, more look-ahead steps k result
in higher NTF out-of-band gain and in-band SNDR. However,
in order to achieve the in-band noise floor dictated by the
MSLA SDM NTF, a clock signal with low enough phase noise
should be used. Therefore, the clock signal spectral purity is
also of great importance.

C. The Noise Frequency Response of the Synthesizer

The NTF at the position of the y;r signal in Fig. 1 is easily
derived from that of the low-pass MSLA SDMs using the
well-known transformation z — —z2 for the NTF of bandpass
SDMs [5], i.e.

NTFBP(Z)ZNTFLP(Z)|Z:_Z2. (5)

The NTF at the position of the yrp signal is derived from
NTFpp by observing that the final multiplexer essentially
multiplies a possibly upsampled version of y;r using zero-
order hold (ZOH) with a cosine wave having frequency w =
m or f = Kf.;. The upsampled by 2(K — 1) version of
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y1F, converted to continuous time representation and assuming
yrr[n] =0, n <0, is

S t—gnTar 1
Yzou,ir(t) = Z yrr[n] - rect <12 - 2) (6)
n=0 sTeik

where T, = 1/ fek. So, the yrp signal in continuous time
representation is

Yyrr(t) = yzom,1r(t) - cos(2TK fout). (N
Taking the Fourier transforms of (6) we can write
Yzou,ir(f) = Hzou(f) - Yir(f) ®)

where _ .
i e sin(m f =)

Hzou(f) =e wf%

©))

The Fourier transform of (7) is the convolution of the Fourier
transforms of yrp(t) and cos(2wK f.t), i.e.

Yrr(f) =Yzom 17 (f) * O(f = K feu) +0(f + Kfclk).

2
(10)
Combining (8), (9) and (10) we get the following relation

e_j”f% sin(wf%) .

Yre(f) = T Yir(f)| *
5
0(f — Kfew)+6(f + K for) (11
5 )

Therefore, NTF pp is transformed by first shaping it by the
transfer function of the ZOH including upsampling and then
convolving it with the spectrum of a cosine signal with fre-
quency f = K f.y which is composed of two delta functions
at frequencies f — K f.; and f + K f.;. To avoid confusion,
in the remainder of the paper the term NTF applies to the NTF
of the low-pass MSLA SDMs.

III. SIMULATION RESULTS

The performance of the proposed architecture is highlighted
in Fig. 3 where the power spectrum of the y;r signal is
shown. The I and Q inputs are z; = 0.4cos(27 - 0.01n)
and zg = 0.4sin(2r - 0.01(n + 0.5)) respectively. The
MSLA SDMs are configured with 7-th order low-pass filters,
OSR = 32 and r = k£ = 6. Assuming the clock frequency
is foar = 250 MHz, and thus the sampling frequency for
signal y;r is fs = 2f.x = 500 MHz, the resolution bandwidth
is RBW = 333.33 Hz, resulting in a spurious-free dynamic
range (SFDR) of DR = —137dB — 10log,,(RBW) = —162
dBc/Hz. The SNDR is calculated at 104.5 dB. So high SNDR
with that OSR value is not achievable with conventional
single-bit SDMs. This is due to the more aggressive NTFs,
i.e. NTFs with higher out-of-band gain, possible with single-
bit MSLA SDMs in comparison with conventional single-bit
SDM:s.

The power spectra of the two low-pass MSLA SDM outputs,
yr and yg, are identical. The one for output x; is shown in
Fig. 4. Note that the sampling frequency for signal y; is half
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Fig. 3. Spectrum of the frequency synthesizer output y;p.

yr spectrum (RBW = 333.33 Hz @ f, = 250 MHz)

oF ]

Signal power [dBc]

0 0.05 0.1 0.15 0.2
X7 [rad/s]

Fig. 4. Spectrum of the MSLA SDM output y;.

of that used for signal y;r, namely fs = f.r = 250 MHz.
This is because for the interleaving process, both signals y;
and yq are used alternately as seen in Fig. 1.

In the case that a higher output frequency than y;r is
needed, one can use the output yrr provided by the final
multiplexer in Fig. 1. Using a value of K = 2, i.e. having a
sampling frequency fs = 4f.x = 1 GHz, results in the power
spectrum shown in Fig. 5. The generated frequencies are given
by (2). A zoomed-in version of this plot for m = 2 and the
minus sign in (2) is depicted in Fig. 6. In our test case we
have fzp = 0.01f.; = 2.5 MHz. From (1), the intermediate
frequency is frr = 125+ 2.5 MHz = 127.5 MHz. Thus, the
generated frequencies for K = 2 are

frr1=0-250+ 63.75 MHz = 63.75 MHz

frr2 =1-250 — 63.75 MHz = 186.25 MHz
frrs=1-250+ 63.75 MHz = 313.75 MHz
frF4=2-250 — 63.75 MHz = 436.25 MHz.
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Fig. 5. Spectrum of the the frequency synthesizer output ypp for K = 2.
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Fig. 6. Zoomed-in spectrum of the the frequency synthesizer output yrp.

Since the OSR is 32, the passband of signal y; in Fig. 4 is
from DC to feu /(2 - 32) = 3.90625 MHz. The bandwidth of
the quadrature upconverted signal y;r as given by (3) is 7.8125
MHz, twice that of the y; signal, with generated frequencies
ranging from 121.09375 MHz to 128.90625 MHz. For the
frequency range of the zoomed-in yzr signal spectrum in Fig.
6, we refer to (4) using m = 2 and the minus sign. This gives
a frequency band ranging from 433.59375 MHz to 441.40625
MHz. The resulting bandwidth is 7.8125 MHz, the same as
that of the y;r signal.

In Table I the SNDR and SFDR of various MSLA SDM
based frequency synthesizers are displayed for the y;r output
signal. The I and Q inputs are the same as those of the
previous paragraph. For k = 0 the MSLA SDM reduces to a
conventional SDM. The NTFs are designed using the highest
out-of-band gain possible for the specific values of the OSR
and the number of look-ahead steps k. For the determination
of stability 3 - 10° output samples for each MSLA SDM are
considered. The performance improvements over conventional
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TABLE I
SNDR AND SFDR COMPARISON

. , | SNDR [ SFDR*®
OSR | rk | [INTFloe " | "ip | (aBefta]
32 [ 0 1.62 989 [ —142
32 [ 3 1.68 1020 | —150
NE 171 1049 | —161
64 | 0 1.57 1406 | —194
64 | 3 1.60 1420 | —182
64 | 5 1.65 1474 | —196
128 | 0 1.57 188.6 | —233
128 | 3 1.61 1939 | —234
128 | 5 1.64 1984 | —242

“r =k = 0 corresponds to a conventional single-bit SDM.
b The NTF out-of-band gain.
¢ Assuming sampling rate fs = 500 MHz.

SDMs are significant even for small values of k. The SFDR
is calculated assuming sampling rate f; = 500 MHz.

IV. CONCLUSION

Frequency synthesis using two low-pass single-bit MSLA
SDMs in quadrature upconversion scheme was presented. It
was shown that the performance advantages of using single-
bit MSLA SDMs over conventional single-bit SDMs are
significant. The proposed frequency synthesizer architecture
is purely digital apart from a bandpass analog filter required
for the attenuation of the out-of-band quantization noise in
some applications. The highest possible generated frequency
is only limited by the final multiplexer operating frequency.
This allows the proposed frequency synthesizer to be used for
synthesizing frequencies well in the GHz range.

REFERENCES

[1] J. Vankka, M. Waltari, M. Kosunen, and K. A. I. Halonen, “A direct
digital synthesizer with an on-chip D/A-converter,” IEEE J. Solid-State
Circuits, vol. 33, no. 2, pp. 218-227, Feb. 1998.

[2] P. P. Sotiriadis and K. Galanopoulos, “Direct all-digital frequency syn-
thesis techniques, spurs suppression, and deterministic jitter correction,”
IEEE Trans. Circuits Syst. I, vol. 59, no. 5, pp. 958-968, May 2012.

[3] C. Basetas and P. P. Sotiriadis, “Single-bit-output all-digital frequency
synthesis using multi-step look-ahead bandpass X-A modulator-like quan-
tization processing,” in IEEE Int. Freq. Contr. Symp. & Europ. Freq. and
Time Forum, Denver, Colorado, Apr. 12-16, 2015, pp. 448-451.

[4] C. Basetas, T. Orfanos, and P. P. Sotiriadis, “A class of 1-bit multi-step
look-ahead X-A modulators,” IEEE Trans. Circuits Syst. I, vol. 64, no. 1,
pp. 24-37, Jan. 2017.

[S] R. Schreier and G. C. Temes, Understanding Delta-Sigma Data Convert-
ers, S. V. Kartalopoulos, Ed. John Wiley & Sons, Inc., 2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


