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Foreword

The progress in the semiconductor industry has brought us advanced electronic
systems available for large groups of people. By putting more and more func-
tionality on an integrated circuit (IC) these systems could become cheap in
mass production. This is the reason why scientists and engineers put constant
effort in integrating more functions into ICs.

Many of these electronic systems need internal signals with a tunable, sta-
ble and accurate frequency. An example of this is a radio-frequency receiver,
where a signal with a stable frequency is used to tune to a radio-station of inter-
est. In the past this frequency was generated with the help of bulky passive me-
chanically tunable components. But if one wishes to integrate such a receiver
on a chip, other components are needed to generate the tunable frequency. In
this case, one needs to integrate a so-called frequency synthesizer, which relies
on a clean fixed reference frequency, usually derived from a crystal, to create a
variety of other frequencies.

A frequency synthesizer is usually realized with a phase-locked loop (PLL)
which in turn can be implemented with on-chip components like transistors,
resistors and capacitors. Such a synthesizer is far more complex than the old-
days mechanically tuned resonators and can contain thousands of components.
But still they are cheaper, more reliable, and easier in use: everybody wants a
“digitally tunable” radio.

The application of synthesizers has gone through an enormous growth in
the past years. Today they are widely used in wireless telecommunication sys-
tems like mobile phones but also in optical communication systems and cable
modems. PLL circuits are also widely used as clock generators for micropro-
cessors. PLL frequency synthesizers, and in particular radio-frequency (RF)
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synthesizers, are therefore important components of modern electronic sys-
tems.

A PLL frequency synthesizer may be cheap in mass production, but it is
certainly not a simple circuit to design. Phase-locked loops are non-linear sys-
tems with very complex behaviour. Furthermore, PLLs are hard to simulate
because time-constants are involved which may differ by many orders of mag-
nitude. The output of a synthesizer has inaccuracies which are characterised
as jitter and phase noise. These effects are very difficult to understand and to
simulate. Finally, PLL design requires deep insight in system level design as
well as transistor level design. So it is no surprise that there is a large need for
design know-how on frequency synthesizers.

This book deals with the design of RF frequency synthesizers. It contains
basic information for the beginner as well as in-depth knowledge for the experi-
enced designer. Since frequency synthesizers are used in many different appli-
cations, different performance aspects are important in every case. Sometimes
settling-time is important, sometimes residual phase deviation is important and
sometimes residual frequency deviation is important. In all cases the design
must be optimized in a completely different way. This book describes a con-
ceptual framework for the different optimisations. It is, furthermore, widely
illustrated with practical design examples used in industrial products.

The book was originally the Ph.D. thesis of Cicero Vaucher, who wrote it
after 10 years of experience in RF frequency synthesizers at Philips Research
Laboratories. I really enjoyed working with Cicero during the preparation of
his thesis and now I feel very happy that it has been published as a book. Ci-
cero has a natural talent in clear writing and therefore I believe this book is
really worth reading for a broad group of scientists and engineers.

BRAM NAUTA

Professor IC Design

University of  Twente, The Netherlands



Preface

Frequency synthesizers are an essential building block of RF communication
products. Digital tuning has become commonplace in traditional market seg-
ments, such as TVs and AM/FM radios, and is fundamental to the operation
of personal cellular communication systems, in which the RF channels are
dynamically allocated as the users move within the network, and the mobile
hand-sets have to automatically and transparently re-tune to different RF car-
rier frequencies.

The design of high-performance frequency synthesizers involves familiarity
with system optimization techniques and knowledge of state-of-the-art system
and building block architectures. Common technical requirements which need
to be considered during the design phase include high spectral purity, fast set-
tling time and low power dissipation. These are the main aspects treated in this
book.

The main body of the text presents a theoretical analysis of different PLL
properties, followed by descriptions of innovative architectures, circuit imple-
mentations and measurement results. The analysis of the PLL properties is per-
formed with the use of the open-loop bandwidth and phase margin concepts,
to enable the influence of higher-order poles to be taken into account from the
beginning of the design process. The common concepts of undamped natu-
ral frequency and damping factor, originated in the analysis of second-order
systems, are therefore not used in the text.

Chapters 1, 2 and 3 are of a tutorial nature. Chapters 1 and 2 review ba-
sic communication techniques and the main specification points of frequency
synthesizers for tuning system applications. Chapter 3 focuses on single-loop
architectures, with a discussion of the properties of PLL building blocks on the
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system level and a review of single-loop architectures in which the minimum
step size is not equal to the reference frequency.

When organising this book I had the option to place the system-level anal-
ysis of different performance aspects in different chapters, that is, separated
from more practical considerations such as the description of the application
requirements and the implementation of the building blocks. Instead, I have
chosen to “frame” the theoretical analysis within a few chapters which also
describe the requirements of the intended applications. In this way, I hope that
the reader will have a better understanding of the background and of the need
for the theoretical system analysis being presented. Chapter 4, for example, fo-
cuses on tuning systems for phase-modulation communication systems, having
as a practical application an L-band tuner for digital satellite reception. Here,
a crucial specification point is the residual phase deviation of the oscillator
signal; as such, Chapter 4 includes an in-depth analysis of the residual phase
deviation of PLL frequency synthesizers.

Chapter 5 is the result of a frequency-modulation receiver project for car-
radio applications, where the challenge was the combination of fast settling
time with low residual frequency deviation. An analysis of the settling time
performance as a function of the open-loop bandwidth and phase margin is
presented, followed by an analysis of the residual frequency deviation perfor-
mance. This analysis led to the perception that the design procedure which op-
timises the residual phase deviation performance, described in Chapter 4, must
be avoided in frequency-modulation applications, as it always results in a sub-
optimal residual frequency deviation performance. In other words, it is nec-
essary to consider, during the optimization of the PLL frequency synthesizer
parameters, whether it will be used in a phase-modulation or in a frequency-
modulation communication system.

Chapter 6 focuses on programmable frequency dividers, having as practical
application a low-power paging receiver. Among others, a truly-modular and
an adaptive-power architecture for low-power multi-band applications are pre-
sented. Chapter 7 presents a summary of conclusions. Appendix A looks at the
stability limits of PLLs using a PFD/CP combination, and Appendix B links
the design of clock-conversion PLLs for optical networks to the wide-band
loop design techniques developed in Chapter 4.

The circuit design of VCOs and crystal oscillators is not treated in this work.
However, extensive reference lists to literature on VCO design have been in-
cluded at the end of Chapters 1 and 3.



Preface xi

Acknowledgements

Many persons contributed to the development of this book. I would especially
like to thank Dieter Kasperkovitz for his support and motivation during the ex-
ecution of the projects described in the text. Dieter is also acknowledged for his
valuable inputs to the circuits and architectures presented in Chapters 4, 5 and
6. I would also like to thank Prof. Bram Nauta for his continuous assistance
and constructive remarks during the preparation of the manuscript. The circuits
described in the text were realised in close cooperation with many colleagues,
mainly from Philips Semiconductors. In particular, I want to acknowledge
the following persons: Jon Stanley, Onno Kuijken, Philippe Gorisse, Alain
Vigne, Pascal Walbrou and Johan van der Tang for contributions to the work
described in Chapter 4. For contributions to Chapter 5, I would like to thank
Kave Kianush, Huub Vereijken, Bert Egelmeers, Jan Meeuwis and Gerrit van
Werven. I am also grateful to Zhenhua Wang and Gerrit van Veenendaal for
contributions to Chapter 6. Pieter Hooijmans is gratefully acknowledged for
the support provided for this work. Finally, I would like to thank everyone who
proposed improvements to earlier versions of the text.

CICERO S. VAUCHER

Eindhoven, The Netherlands

April 2002



Contents

Foreword

Preface

List of Acronyms

List of Symbols

Introduction
1.1 Overview of the Book
References

Tuning System Specifications
Tuning Range
Minimum Step Size
Settling Time
Spurious Signals
Phase Noise Sidebands
Power Dissipation
Integration Level
Interference Generation

References

3 Single-Loop Architectures
Introduction
Integer-N PLL Architecture
PLL Building Blocks

3.1
3.2
3.3

vii

ix

xix

xxi

1
5
7

11
11
12
13
14
18
22
24
24
25

27
27
28
28

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

2

1



xiv Contents

3.3.1
3.3.2
3.3.3
3.3.4

Voltage-Controlled Oscillators
Frequency Dividers
Phase Detectors
The Phase-Frequency Detector/Charge-Pump Combi-
nation
Loop Filter

Dimensioning of the PLL Parameters
Open- and Closed-loop Transfer Functions
Open-loop Bandwidth and Phase Margin

Spectral Purity Performance
Spurious Reference Breakthrough
Phase Noise Performance

Design of the Loop Filter
Spurious Reference Breakthrough
Phase Noise Contribution from the Loop Filter Resistor
Dimensioning of Time Constant and Capacitance

The Choice of the Reference Frequency
Single loop PLL with Divided Oscillator Output
Fractional-N PLL Techniques

Phase Error Compensation
Modulation Techniques

Translation Loops
Direct Digital Frequency Synthesizers
Architectures Combining PLL and DDS Synthesizers
Summary of Conclusions on Single-Loop Architectures

References

4 Wide-Band Architectures
Introduction
Receiver Architectures
Residual Phase Deviation

The Residual Phase Deviation Power
The Open-Loop Bandwidth for Optimum Phase Noise
Performance

Minimum Approximated Residual Phase Deviation
Influence of the Phase Margin on the Residual Phase
Deviation

4.1
4.2
4.3

4.3.1
4.3.2

4.3.3
4.3.4

3.9.1
3.9.2

3.7
3.8
3.9

3.10
3.11
3.12
3.13

3.6.1
3.6.2
3.6.3

3.6

3.5
3.5.1
3.5.2

3.4.1
3.4.2

3.4
3.3.5

28
30
31

33
38
42
42
43
49
49
53
62
63
64
66
70
70
75
77
80
85
87
89
90
91

99
99
99

102
102

104

107

109



Contents xv

The Influence of the Open-Loop Bandwidth on the
Residual Phase Deviation
The Condition for the Implementation of the Optimum
Loop Bandwidth

Single-Loop Design
Specification of the PLL Building Blocks
Single-Loop Architectures
Wide-Band Loop Design

Multi-Loop Design
Phase Noise Performance
Specification of the Different Loops
The Limiting Values for the Reference Frequency

Satellite Tuning System
Double-loop Tuning System Architecture
Phase Noise Performance

Dividers in Bipolar Technology
Architecture
Logic Implementation of the Divider Cells
Circuit Implementation
Power Dissipation Optimization and Sensitivity Mea-
surements

VHF PFD/CP Architectures
Architecture
Circuit Implementation
Measurement Results

Conclusions
References

5 Adaptive PLL Architecture
Introduction
RDS Car-Radio Application
Multi-Band Tuner Architecture
Settling Time

Settling Behaviour
Open-Loop Bandwidth, Phase Margin and Settling
Time Specifications

Settling Time Requirements5.5

5.4.1
5.4.2

5.1
5.2
5.3
5.4

164
167

157
157
157
158
160
160

4.9

4.8.1
4.8.2
4.8.3

4.8

4.7.1
4.7.2
4.7.3
4.7.4

4.7

4.6.1
4.6.2

4.6

4.5.1
4.5.2
4.5.3

4.5

4.4.1
4.4.2
4.4.3

4.4

4.3.6

4.3.5
113

115
116
117
120
122
125
125
128
130
132
133
135
137
137
138
139

141
145
145
148
149
153
153



xvi Contents

5.6 Residual Frequency Deviation
Introduction
Basic Concepts

Simplified Treatment of the Residual Frequency Devi-
ation of a PLL
Numerical Results with Analytic Transfer Functions .
Conclusions

Terrestrial FM Broadcasting
Reference Spurious Signals and Loop Filter Attenuation
Limitations of Existing PLL Architectures

Adaptive PLL Architecture
Basic Architecture
Loop Filter Implementation
Dead-Zone Implementation

Circuit Implementation
Programmable Dividers
Oscillators
Charge-Pumps

Measurements

Conclusions
References

6 Programmable Dividers
Introduction
Divider Architectures

Architecture Based on a Dual-Modulus Prescaler
Presettable Programmable Counters
Basic Programmable Prescaler
Adaptive Power Prescaler Architecture for Multi-Band
Applications

Prescaler with Extended Programmability
Dividers in CMOS Technology

Logic Implementation of the Divider Cells

Circuit Implementation of the Divider Cells
Power Dissipation Optimization
Input Amplifier

6.3
6.3.1

6.3.2
6.3.3
6.3.4

6.2.5

6.2.1
6.2.2
6.2.3
6.2.4

6.1
6.2

207

209
210

212

213
214
216

167
167
168

170
174
178
180
182
183

183
184
185
187
191
191
192
192
193
196

198

201
201
202
203
205
205

5.12

5.13

5.11.1
5.11.2
5.11.3

5.11

5.10.1
5.10.2
5.10.3

5.7
5.8

5.9
5.10

5.6.4
5.6.5

5.6.1
5.6.2
5.6.3



Contents xvii

6.3.5

6.3.6
6.4

Input Sensitivity Measurements and Maximum Oper-
ation Frequencies
Phase Noise Measurements

Conclusions
References

7 Conclusions

A PLL Stability Limits Due to the Discrete-Time PFD/CP Operation 237
237
240

Stability LimitsA.1
References

B Clock-Conversion PLLs for Optical Transmitters
References

About the Author

Index

217
222
225
225

229

241
243

245

247



List of Acronyms

Analog-to-Digital Converter
Automatic Frequency Control
Amplitude Modulation
Bit Error Rate
Charge-Pump
Digital-to-Analog Converter
dB with respect to the Carrier
Direct Digital Synthesizer
D-type Flip-flop
Degree
Double Sideband
Electromagnetic Compatibility
Exclusive-OR
Frequency Modulation
Frequency Setting Word
Gaussian Frequency Shift Keying
Gaussian Minimum Shift Keying
Intermediate Frequency
Joule
Kelvin
Local Oscillator
Low-Pass Filter
Multi-Stage Noise Shaping Modulator
Personal Computer
Phase-Frequency Detector
Phase-Locked Loop

ADC
AFC
AM
BER
CP
DAC
dBc
DDS
D-FF
dg
DSB
EMC
EXOR
FM
FSW
GFSK
GMSK
IF
J
K
LO
LPF
MASH
PC
PFD
PLL



xx List of Acronyms

PM
QPSK
RDS
RF
rms
ROM
S-H
SNR
SSB
VCO
VHF
VLSI

Phase Modulation
Quadrature Phase Shift Keying
Radio Data System
Radio Frequency
Root-Mean-Square
Read Only Memory
Sample-and-Hold
Signal-to-Noise Ratio
Single Sideband
Voltage-Controlled Oscillator
Very High Frequency
Very Large Scale Integration



List of Symbols

Symbol Meaning Page

79
15
16
16

39
40
75
28
44

28
124
88
28

58

13
103

30

Output of a digital accumulator
Amplitude of the carrier signal (V)
Amplitude of a spurious signal (V)
Relative amplitude of a spurious signal with respect
to the carrier (dBc)
Ratio of the time constants of the loop filter
Capacitances of the loop filter (F)
Fractional (decimal) part of division ratio
Output frequency of a PLL (Hz)
Open-loop bandwidth, 0 dB cross-over frequency

Output frequency of a VCO when
Minimum value of the open-loop bandwidth (Hz)
Clock frequency of a DDS synthesizer (Hz)
Frequency of the signal at the output of a frequency
divider (Hz)
Reference frequency at which the equivalent phase
noise floor is specified (Hz)
Maximum frequency error with respect to (Hz)
Higher offset frequency for integration of noise
power density (Hz)
Input frequency to a frequency divider or PFD/CP

(Hz)

(Hz)

b

F



xxii List of Symbols

Output frequency of the tuning system (Hz) 4
Lower offset frequency for integration of noise
power density (Hz)
Target frequency after a frequency step (Hz)
Fourier frequency (offset, modulation or baseband
frequency) (Hz)
Frequency of maximum phase advance of the open-
loop transfer function (Hz)
Minimum step size of the tuning system (Hz)
Offset frequency at which the free-running VCO
phase noise power density is specified (Hz)
Operation frequency of the PFD (Hz)
Maximum PFD operation frequency at which fre-
quency discrimination can be realized (Hz)
Minimum value of the reference frequency in a
wide-band loop (Hz)
Symbol rate in a digital communication system (Hz)
Mixing frequency in a translation loop (Hz)
Operation frequency before a frequency step (Hz)
Magnitude of a frequency step (Hz)
Frequency of crystal oscillator (Hz)
Phase noise cross-over frequency (Hz)
Open-loop transfer function of a PLL
Closed-loop transfer function of a PLL
Low-pass transfer function (de-emphasis network)
Amplitude of the output current of a charge pump
(A)
Leakage current in the tuning line of the VCO (A)
Instantaneous output current of a charge pump (A)
An integer
rms current noise density originated in the charge
pump
Binary input to a digital accumulator
Gain of PFD/CP combination (A/rad)
VCO gain factor (Hz/V)
Gain factor which depends on the configuration of
the loop filter

103

13

45

12

28

131

15

104

36

103
86
13

162
28
106
43
43
169
33

50
34

54

75
35
28
39

G(s)
H(s)

i

K

k



List of Symbols xxiii

Boltzmann constant;
SSB phase noise power density in a 1 Hz band-
width to total signal power, at offset frequency
(dBc/Hz)
SSB equivalent synthesizer phase noise floor at the
input of the phase detector (dBc/Hz)
SSB phase noise power density due to quantization
noise from a
SSB free-running phase noise power density of the
VCO (dBc/Hz)
An integer
Upper limit to the sum of the noise specification of
the building blocks (dB)
Integer denoting frequency division
Number of bits, word-width of a digital accumulator

loopnoise

maxspurious

M
m

N

Maximum (specified) magnitude of spurious signals
(dBc)
Main divider division ratio, integer
Maximum value of N which leads to compliance to

An integer
Effective length of a programmable divider chain
Proportionality factor
Order of a
Binary number
Reference divider division ratio, integer
Resistor used in the loop filter
Ratio of the limiting values of the residual frequency
deviation
Laplace transform complex variable
Absolute temperature (K)
High-pass transfer function
Period of the input signal to a frequency divider (s)
Period of the output signal of a frequency divider (s)
Period of the input signal to the PFD,
Time (s)
Locking time after a frequency step (s)

59
20

58

83

109

118

71
75
63

28
123

209
79
81
138
28
40
173

64
60
206
206

13

T

modulator (dBc/Hz)

modulator

n

R

l

p

t



xxiv List of Symbols

Magnitude of the ripple voltage due to mismatch in
the CP current sources (V)
Magnitude of the ripple voltage at the VCO tuning
line (V)
Voltage at the tuning input of a VCO (V)
rms voltage noise density originated in the loop filter

Transimpedance of the loop filter
A positive number, expresses the dependency of the
equivalent phase noise floor on the reference fre-
quency

filter elements
Relative magnitude of the phase noise due to loop

Excess noise factor
Remaining frequency error with respect to final
value (Hz)
Peak frequency deviation (Hz)
Residual frequency deviation power
VCO free-running frequency deviation power
Expresses the influence of the phase margin on loop-
noise (dB)
Reset time of the D-FFs when the loop is phase-
locked (s)
Phase difference at the input of a phase frequency
detector (rad)
Maximum phase difference that can be detected be-
fore PFD/CP switches polarity of the output pulses
(rad)
Duty-cycle of the output pulse of a charge-pump
Frequency deviation power spectral density

Free-running VCO frequency deviation power den-
sity
Effective damping coefficient
Excess phase of a sinusoidal signal (rad)
Phase of the output signal of a frequency divider
(rad)

15
30

164

174

169
38

37

35

36

169
172
120

51

109
162

64

39
58

28
54

51

53

x



List of Symbols xxv

Phase error at the input of PFD/CP (rad) 78
30Phase of the input signal to a frequency divider (rad)

Maximum value of during a settling transient
(rad)

166

15
35

Peak phase deviation of phase modulation (rad)
Phase of the output signal of the reference divider
(rad)
rms phase deviation associated with a pair of PM 17
spurious signals (rad)
rms phase deviation due to several pairs of PM spu-
rious signals (rad)

17

rms phase deviation associated with a single spuri-
ous signal (rad)

18

Active time of the charge pump output signal (s)
Time constants of the loop filter (s)
Time constant determined from spectral purity con-
siderations (s)

38
39
68

187
109
108

103
105
125

116

116

Single-sided magnitude of the dead-zone (s)
Minimum residual phase deviation power
Minimum approximated residual phase deviation
power
Residual phase deviation power
Approximated residual phase deviation power
Residual phase deviation power of a multi-loop tun-
ing system
Specification for the maximum residual phase devi-
ation of the LO (rad rms)
Specification for the residual phase deviation due to
stochastic phase noise sources (rad rms)

116Specification for the residual phase deviation due to
spurious signals (rad rms)
Residual phase deviation specification for a wide-
band loop (rad rms)
Residual phase deviation power transferred to the
output of a multi-loop tuning system
rms phase noise power density of main divider

122

125

54



xxvi List of Symbols

Phase noise power density at the output of a fre-
quency divider

71

Equivalent synthesizer phase noise floor at the input
of the phase detector

55

Open-loop phase noise power density generated by
the loop filter elements

60

Phase margin (radians in equations, degrees in fig-
ures)

44

Maximum phase advance of function (rad)
Phase noise power density of the PLL output signal

45
54

“Low-pass” phase noise power component of 55

“High-pass” phase noise power component of

rms phase noise power density of phase frequency
detector

60

54

rms phase noise power density of reference divider 54

rms phase noise power density of free-running VCO 54

rms phase noise power density of crystal oscillator 54

Ratio of and the effective noise bandwidth
Phase of the open-loop transfer function
(rad)

173
45

DSB peak phase noise power density 20
Angular frequency (rad/s)
Open-loop bandwidth (rad/s)
Frequency of maximum phase advance of the open-
loop transfer function (rad/s)

44
45



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /Batang
    /Bodoni-WP-Bold
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BroadwayEngraved-WP
    /Broadway-WP
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Century-WP
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialScript-WP
    /CooperBlack-WP
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /Cyrillic
    /CyrillicBold
    /CyrillicBold-Italic
    /CyrillicNormal-Italic
    /Dingbats
    /EstrangeloEdessa
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /Eurostile-WP
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /Fences
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Hobo-WP
    /Impact
    /Latha
    /Lcircle10
    /Lcirclew10
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /Line10
    /Linew10
    /LucidaConsole
    /LucidaSansUnicode
    /Mangal-Regular
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MathPackDoyle
    /MathPackEight
    /MathPackEleven
    /MathPackExOne
    /MathPackExSeven
    /MathPackExSix
    /MathPackExThree
    /MathPackExTwo
    /MathPackFive
    /MathPackFour
    /MathPackNine
    /MathPackOne
    /MathPackSeven
    /MathPackSix
    /MathPackTen
    /MathPackThirteen
    /MathPackThree
    /MathPackTwelve
    /MathPackTwo
    /MicrosoftSansSerif
    /Minion-Bold
    /Minion-BoldItalic
    /Minion-Italic
    /Minion-Regular
    /MonotypeCorsiva
    /MSBM10
    /MS-Mincho
    /MSOutlook
    /MT-Extra
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /NuptialScript
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PWUOPS+BookAntiqua
    /Raavi
    /Shruti
    /SimSun
    /Spsmmi10
    /StandardSymL
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




