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Abstract—CMOS transistors have been consistently scaled to
smaller feature sizes and continue to reduce towards sub-0.1 um
lengths. However, as the channel length decreases, so does the
gate oxide thickness, dictating a decrease in the supply voltage.
Driven by the needs for low power, small size and low cost,
CMOS radio frequency integrated circuits (RFIC) design
becomes main stream in modern portable wireless
communications. The ultimate goal in RFIC design is to having
battery-less systems so as to decrease power dissipation.
Commonly a Low Noise Amplifier (LNA) is a key component is
RF front end receiver which poses a challenge in terms of
meeting high gain, low noise figure, good linearity and low
power consumption requirement. The primary role of the LNA
is to lower the overall noise figure of the entire RF front end,
noise optimization is considered as one of the most critical steps
in the LNA design procedure. A 0.7V, 1GHz low noise amplifier
has been designed and simulated using spectre simulator in a
standard TCMC 0.18um CMOS technology. With low power
noise optimization techniques, the amplifier provides the gain of
23dB, a noise figure of only 1.1dB, power dissipation of 8.4mw
from 0.7v power supply.

Index Terms—Low Noise Amplifier (LNA), Noise Figure
(N.F), Radio Frequency (RF) and CMOS.

I. INTRODUCTION

Recently has been much interest in using CMOS for RF
ICs operating in the 900MHz to 2.5GHz. This frequency
range is used by cellular phone applications such as GSM
(Global system for Mobile Communication), and cordless
application such as DECT (Digital Enhanced Cordless
Telecommunications). Commonly a low noise amplifier
(LNA) is a key component in RF front-end receiver which
poses a challenge in terms of meeting high gain, low noise
figure and linearity requirement at sub 1 Volt power supply
(such as 0.7V). The primary role of the LNA is to lower the
overall noise figure of the entire RF front-end, noise
optimization is considered as one of the most critical steps in
the LNA design procedure.

The noise figure (NF) of LNA should not exceed a 3 dB,
assuming it has a gain more than 10 dB [1]. The design of LNA
is full trade-offs between optimum gain, lowest noise figure,
high linearity and low power consumption. Cascode topology is
one of the most popular topology used for CMOS LNA design,
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which provides high gain, low noise, but it is not suitable for sub
IV power supply. Statistical modeling and improvement
procedure for RF design is illustrated in section II. The
consideration for noise optimization of LNA is described in
section II1. The proposed LNA design suitable for sub 1V power
supply is analyzed in Section IV. Spectre simulation results and a
comparison with other reported LNAs are presented in Section V.
Section VI concludes the paper.

II. STATISTICAL MODELING AND IMPROVEMENT FOR RF
DESIGN

Statistical analysis of RF design begins from modeling of
the component in the module.

Generally, the methods for device modeling can be
classified into two categories: equivalent circuit-based
models (ECMs) and physics based models (PBMs). ECM
modeling assumes an equivalent circuit to simulate the
external behavior of the device under consideration. ECM
has high computational efficiency and is relatively easy to
be implemented into circuit simulators. However, since
the model parameters are usually identified after device
fabrication, they have limited extrapolative or statistically
meaningful forecasting abilities. PBMs address the
fundamental device equations and characterize device
behavior in terms of physical parameters. Especially,
passive components could be modeled with such
parameters easily. Circuit analysis can be performed at the
device parameter level. Thus, in our statistical modeling
of RF SoP module, PBM is implemented.

RF SoP module, PBM is implemented. Each component in
SoP module is modeled with an equivalent circuit which
contains information of the geometry parameters (such as the
wire widths, wire space), process parameters (such as the
thickness of interlayer dielectrics, conductor thickness) and
material parameters (such as dielectric constant, resistivity of
conductor). The statistics of those parameters (including
variation range, distribution function, etc) are also collected
and are appended to the initial models of the components.
The circuits are designed with these components
[9].Statistical responses of the components and the RF SoP
modules are studied through Monte Carlo method. If the
yield of the circuits obtained from the statistical analysis is
not good enough, optimization of the circuits should be
implemented in next step. The most sensitive parameters
(which contribute most significantly to the variation of
response of the circuits) are found firstly.

Design of Experiment (DOE), a widely used systematic
method for experiment planning, is applied to find the most
sensitive parameters. Based on the number of variables and
accuracy requirement of the model, the level and the method
of experiment can be chosen. The level of an experiment is
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the number of values that each input variable will be assigned
to during the experiment. With DOE analysis, the most
sensitive parameters are found. Then, the circuits are
improved with the following ways: 1) improving the
manufacturing process and material quality to make the
distribution of these sensitive parameters more concentrated;
2) improving the circuit design to make these parameters with
less contribution to the response of the circuits. Improving
process may not be available in most cases because of the
limitation of technology and the cost. A better way is to
improve through design. In the designs, parameters which
contributed mostly to the variation of circuit response were
desensitized.

Collection of processes, material

and geometry parameters

Inital circuit

design

Optimization of circuit
with performance

Append the statistical parameters
to the device model and simulate

the circuits with Monte Carlo method

Improve the process or

improve the design or both

T

Find the most sensitve

parameters with DOE method

Design completed

Flow Chart of the Statistical analysis procedure optimization

The optimization methods are specified to each of the
parameter.

A flowchart of the statistical analysis procedure described
above.

III. NOISE FIGURE AND OPTIMIZATION

A. Noise figure

An LNA determines the performance of the
communication systems. It needs higher linearity and
sufficient gain to overcome the next stage noise but not to
overload. A system noise factor is defined as:

N, +)» N,_
in kz;; ai k Fz _1 Fv3 _1
F= =F+—F+—F—5+..(D
in Al Al A2

where F,(n=1,2,3,....) is the noise factor of each stage, A,
(n=1,2,3...) is the gain of each stage. In our circumstances,
F1 is the noise of the LNA and Al is the gain of the LNA will
lower the total noise of the system. Noise figure represents

how much the given system degrades the signal-to-noise ratio,
which is defined as;
NF=10log total output noise power 2
output noise power due to input source
CMOS LNA design provides high level of integration at
low cost but it is a big challenge to achieve low noise
performance because of the noisy nature of MOS device. The
dominant noise source in MOS devices is channel noise: [2]

2
ig = 4kT‘{ga,D (3)

where gdo is the zero-bias drain conductance of the device.
¥ is a bias dependent factor which, for long channel device

2
. Zavy=1 )
satisfies 3 ' , but for short channel devices can be as

large as two or three, depending on bias condition. Another
source of noise in MOS devices is the noise generated by the
distributed gate resistance. This noise can be modeled by a
series resistance in the gate circuit and an accompanying with
noise generator, which results in:

v 2 - 4kTor AF (4)

rg g
where 0 is the coefficient of gate noise, normally equal to 4/3
for long channel devices and r¢ is the gate resistance. The
gate resistance can be minimized through interdigitation
without the need of increased power dissipation, thus it is
rendered insignificant [2]. If the sizes of the MOS transistors
are carefully chosen, the optimum ®t which is simply a ratio
of gm /Cgs can be obtained. Therefore, the minimum noise
figure can be achieved according to [3]:

w . 2
it “;ﬁ#fﬁ's”- el (5)

If & were zero, the minimum noise figure would be
0dB[4].

B. Noise Optimization

To achieve lower noise and higher gain, the Common-
source with the inductor degeneration topology is employed
and shown in Fig. 1.

RFin p—irwmm-{%

Fig. l.linductive Ly Degenerated Common Source Amplifier

Neglecting the gate drain capacitances, the input
impedance of the LNA shown in Figl is: [4]
Eml s 1 6
ZJ'H=C—+C 5+5{L5+Lg1+ﬁg (6)
&5 gs

where gm and Cgs are the transconductance and the gate-to
source capacitance of the input device Mo respectively. Lg
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and Ls are the gate and source inductors and Rg is the
effective gate resistance of Mo given by: Rg=R0/(3n2L).
where Ro is the sheet resistance of the gate polysilicon, W
and L are the gate width and length of the transistor Mo
respectively and n is the number of fingers [2].

At the resonant operating frequency (wo0), the input matching
requires that:

Z. =R

n =

The Cgs source degeneration inductance Ls is chosen

together with “¢ to provide the desired input resistance Rs,

the real term can be made equal to 50 ohm without the

existence of a real noisy resistor. Then, the input impedance

of the LNA is matched to source resistance Rs when the
above condition is met.

(7)

=@, L
r s

IV. DESIGN APPROACH

To make the LNA works at 0.7V, the well-Source junction
of the NMOS transistors are forward biased which causing
the threshold voltage to decrease. The threshold voltage with
body effect is based on the following expression.

Vio+ Y20, Vgs— . J20,]

Which, VTO the intrinsic threshold voltage, Y the body

(8)

effect coefficient, ¢'[ the surface inversion potential of
silicon and VBs the bulk-source voltage. By applying a
voltage on V'BS we can control the threshold voltage VT and
thus the polarization of the transistor. In this LNA design, the
VT can be decreased from 0.5V to 0.4V and the value of
current through bulk is 10 uA although this current is
undesirable. For LNA design, inductive source degeneration
is used to achieve good input matching without adding
thermal noise introduced by real resistor. The proposed
topology is shown in Fig.3.
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Fig.2. Common Source Common Gate Topology

Which works for sub 1 volt low power supply applications,
in our case it is 0.7V? Inductive source degeneration is used
to achieve good input matching and reduce noise figure. The
first stage is inductively degenerated common-source
amplifier formed by transistor Mo. Followed by a
common-gate configurated transistor M1. The value of LC
tank of Mo is carefully chosen to achieve a resonance
frequency of 1GHz and is required to have a much higher
impedance than that of the input impedance looked at the
source of M1. It provides a DC bias current path and a high
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impedance branch to force the RF signal to flow into the
source of M1 through a big DC coupling capacitance Cs
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Fig.3.Complete Schematic of Proposed Common-Soure, Common-Gate
LNA

The input impedance of the LC tank (Ld,Cd) is
2, 2 2,2
o L 4 @ L dJ

~— (9)

2
= k05

d d

1
2
R,0d
If RL << rds, where Rd and Qd are the resistance and the
quality factor associated with the inductor Ld.

The input impedance at the source of the common gate
transistor M1 is:

grrr]. v (10}

11

R. = —m =
Em1*Embl Em2

(11)

where gmb is the bulk transconductance.

V. SIMULATION RESULTS

The complete circuit is shown in Fig 4. The LNA first
stage MO is inductively degenerated representing this
common source amplifier followed by M1 configured as
common-gate device. Mb sets the dc bias for M0. M2 is
configured as the buffer stage for LNA output matching. C1
between MO and M1 is acting as a DC coupling capacitance
to block DC and provides ac path to let RF signal flow into
the source of common gate transistor M1. In our case, it is
designed to be 10 pF. Inductors which are smaller than 5 nH
are placed on chip otherwise, they are off-chip. As shown in
Fig4 only the framed components are on-chip.

S—Parameter Response
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Fig.4. power gain of proposed LNA
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The proposed circuit was simulated using Spectre
simulator in 0.18um CMOS process. After noise optimization
a low noise figure of 1.1 dB at 1 GHz is achieved and shown
in Fig 5.

The S-parameters of the LNA are illustrated in Fig 4, 6, 7,
and 8. Figure 4 shows a forward power gain (S21) of 23 dB at
1 GHz. The S11 shows a good input match at -13.5dB.The
S22 shows a good output match with the output buffer which
achieves -21dB.The S12 shows a low reverse transmission
which is 72dB. The IIP3 simulation result of the LNA is
shown in Figure 9. A two-tone signal which is chosen close
to each other has been applied to the input port. The
input-referred third-order intercept points (IIP3) is -29dBm.
The layout of the LNA is shown in Fig 9. The chip area is
0.9mm x 0.9mm. This work is placed alongside

S—Parameter Response

sg 1 NF d312

4.8
-] 3.4
-
24
1.8 I )
S28M 1.808G 1.58G 298G
freq { Hz )}
Fig.5. Noise figure of proposed LNA
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Fig. 6. S12 of proposed LNA
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Fig.7. S22 of proposed LNA
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Fig.9. IIP3 Simulation of the proposed LNA
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TABLE I: COMPARISON OF VARIOUS RECENT REPORTED LNAS

Reference 5] 6] 7 (8] (1] This Work
FreqGH) | 09 | 09 | 09 1 1 1
NF@B) | 2 25 6 35 | 27 1.1
Su(dB) | 175 | 9 17 22 122 23
11Ps gpm | 6 47 | 14 |1z | = 29
Power(mw) - 10 78 27 17 8.4
Tech(um) 0.35 0.5 0.8 1.0 0.5 0.18

With other recent reported LNA in Table 1. It shows that
with the noise optimization techniques the proposed LNA
achieve a much lower noise figure than other LNAs.
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VI. CONCLUSIONS

In this paper, a new CMOS low noise amplifier using
common-source inductive source degeneration followed by
common-gate configurations is proposed. The proposed
topology is suitable for low power supply application and
works good at 0.7 V voltage supply. Spectre simulation using
TSMC 0.18um CMOS technology shows a low noise figure
of 1.1 dB, high power gain (S21) of 23 dB and low power
consumption of 8.4 mW from 0.7 V power supply.

REFERENCES

[11 Khaled Sharaf, "2-V, 1-GHz Inductorless LNAs with 2-3dB NF”, IEEE
Midwest symp.on Circuit and Systems, Lansing MI, Aug8-11, 2000.
Proc. ISCAS, Geneva, Switzerland, May 2000, V-714, 717.

[2] Derek K .Shaeffer & Thomas H .Lee “A 1.5 V, 1.5 GHz CMOS Low
Noise Amplifier” IEEE Journal of solid-State Circuit, V.32, No.5
May1997.

[3] Jung-Suk Goo ,Hee-Tae Ahn,Donald J.Ladwig,Zhiping Yu,Thomas H
Lee, and Robert W. Dutton,, “A Noise Optimization technique for
Integrated Low-Noise Amplifiers” IEEE Journal of Solid State
Circuit,V.37,No.8,Aug 2002..

[4] Thomas H. Lee,” The Design of CMOS Radio-Frequency Integrated
Circuit”, Cambridge University Press, PP276-277.1998

[5] Francesco Gatta, Enrico Sacchi, Francesco Svelto, Paolo Vilmercati
and Rinaldo Castello.” A 2-dB Noise Figure 900-MHz Differential
Cmos LNA”IEEE Journal of Solid-State Circuit, V-36, Nol0, Oct
2001.

[6] . Janssens, J .Crols, M .Steyaert, a 10mW Inductorless, Broadband
CMOS LNA for 900 MHz Wireless Communication, proc.CICC,
PP75-78, May 1998.

610

(7]

(8]

(9]

C. Wu and S.Hsiao,The design of a3 v 900 MHz CMOS Band pass
ampli-fier,[EEE Journal of Solid-State
Circuit,Vol.32,pp.159-167,Feb1997.

A Rogougaran J.Chang,M Rofougaran,A Abidi,A 1 GHz CMOS Rf
Frontend IC for a Direct conversion wireless Transceiver,IEEE Journal
of Solid-State Circuits,Vol. 31,pp.880-889,July 1996.

X.Duo, L.R.Zheng, H. Tenhunen, "Chip Package Co-design of
common Emitter LNA in System-on-Package with on chip versus off
chip passive component Analysis”, IEEE proc.Electrical performance
of Electronic packaging 2003, Princeton, USA, Oct 2003, pp.55-59.

M. Zamin Ali Khan, is a Research Fellow at Karachi
University. He has received B.E (Electrical

= =] Engineering) from NED University, Karachi, Pakistan

- and MS (Electrical and Computer Engineering) from
Concordia University, Montreal, Canada. He has more
than 17 years of experience of teaching and industry..
He has worked in Victhom Human Bionics, Canada as
an Engineer Scientist. Currently, he is working in PhD
thesis and supervising VLSI research in (UBIT) at

Karachi University. He is a senior member of PEC and IEE E

S. M. Agqil Burney, is a Meritorious Professor and
approved supervisor in Computer Science and
Statistics by the Higher Education Commission of
Pakistan. He is also the Director & Chairman at
Department of Computer Science, University of
Karachi. His research interest includes AI, Soft
Computing, Neural Networks, Fuzzy Logic, Data
Mining, Statistics, Simulation and Stochastic
Modeling of Mobile Communication System and

Networks and Network Security, Computational Biology and Bioinformatics




<<
  /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 true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /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 <<
    /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 "Suggested"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




