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Abstract This paper proposes a new methodology for designing and analyzing wideband
matched CMOS LNA with R-L-C loading network, where validity of this new approach is
supported by the agreement between the simulated input impedance of the LNA and its
calculated counterpart. To demonstrate its feasibility, two wideband matched LNA’s are
designed using TSMC 0.18-um RF-CMOS process. One is for 3—8 GHz application and
the second one targets at 8—25 GHz frequency range. The measured results of both circuits
will then be presented.

Keywords Wideband - Input matching - Low noise amplifier - LNA

1 Introduction

Wide-band low-noise amplifiers (LNA’s) have been a critical component for both scientific
community and the communication industry, such as radio astronomy receivers for the
former and ultra-wideband (UWB) technologies for the latter [1-3]. Among the different
circuit design methodologies proposed for wideband amplifiers, the distributed one is
probably the most straightforward in realizing broad bandwidth [4, 5]. However, it tends to
consume a lot of power while providing only modest gain. An amplifier using common-
gate transistor as input stage can indeed have wideband matched impedance; nonetheless,
the resulting circuit will have poor power gain and large noise figure [6]. Adding a delicate
L-C circuit in front of the amplifier can improve its input matching over a wide bandwidth,
but at the cost of additional noise generated by these passive components and, especially in
the case of silicon, this deterioration is pronounced [7-9]. Recently, it becomes popular
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applying current re-use method in designing wideband CMOS amplifiers; however, the
stacking of one n-type and one p-type transistors requires a large bias voltage [10, 11].

In the case of high mobility transistor (HEMT), it has already been demonstrated that
through the intrinsic gate-drain capacitor Cyy, the transistor’s output R-C loading can alter
its input impedance to the intended value over a wide bandwidth [12]. In spite of that,
implementation of this large loading equivalent resistance is not that easy in the CMOS
circuit. Thus, the input matching mechanism for wideband matched COMS LNA needs to
be re-examined and modified if necessary, and that prompts the research described in this
paper.

In the following section, after a brief review of the 0.18-um RF-CMOS transistor’s
small-signal modeling, we propose what should constitute the first-stage transistor’s
loading: L4, R4, and C,, as shown in Fig. 1, where L, is an explicit element, and both R, and
C, can be from the equivalent input circuit of the following-stage. Physically, the external
source inductor L; is critical in determining the low-frequency input matching, and the
loading L, starts playing a role as frequency increases. In both cases, C, is used for setting
Re[Z;,], and proper choice of R, helps lowering S;; at high frequency. If the high frequency
range means infinite, then L, can indeed be omitted; otherwise, the importance of this L,
cannot be overlooked for finite-bandwidth wideband LNA, as this L, could improve the
input matching at the intended high frequency range. Without inserting any complicated
passive (and lossy) circuit in front of the first-stage transistor, superior noise performance is
expected for this type of amplifier.

A 3-8 GHz LNA is therefore fabricated using TSMC (Taiwan Semiconductor
Manufacturing Company) 0.18-um RF-CMOS process. To explore the high frequency
performance of this commercial process, a second LNA targeting the 825 GHz frequency
range is then designed. Measured results of both amplifiers will be presented too.

2 Analysis of wideband LNA design

To facilitate the circuit analysis, S-parameters of a TSMC 0.18-um RF-CMOS transistor need
to be numerically fitted to find its equivalent small-signal model, as shown in Fig. 2, where
the substrate effect due to Cy,,, and Ry, has been included. For this 216-um 27-finger n-type
transistor biased at Vg=0.65 Volt and /,=7 mA, our model is valid up to 20 GHz at least, and
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the parameter values are tabulated in Table 1. Though S-parameter discrepancies can be
observed with the omission of Ry, Cy, Ry, and C,, , they are relatively minor; thus, to
retain the physical meaning while simplifying the mathematical derivation, these four
parameters are removed from that used in the following circuit analysis.

Mathematically, the input impedance Z,,, as indicated in Fig. 3, can be expressed as

o= |1 +Ziﬁ] (0

where Y, is the admittance looking into the Cg, branch, and Zj is the impedance looking
into the Cg, branch. Both Y, and Z; can be derived as

1
Y, =
¢ L'a)C ad

1 1
+ +
<Cd/Gngd + ng fjwLsCy l/ijdeng + Ls/Rngd

1 ! 1 1
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The corresponding equivalent circuit can be arranged as that of Fig. 4, where Y, is the
dominant branch and Zj offers some modification [12]. Again, it is the C, that determines

Table 1 Parameters in the small-signal model of the 216-micron 27-finger tsmc n-type transistor.

Ves=0.65 Volt, [,=7 mA

parameter value parameter value
R, 7Q Coup 0.3pF
Ry 4520 Cus 0.063pF
Raw 1802 Cou 0.08pF
G, 64mS Cos 0.2pF
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the matched Re[Z,] (= C4/G,,Coq ), as discussed in detail in [12]. With appropriate
component values, the shape of the input reflection coefficient S;, resembles a hook, as
shown in Fig. 5. The solid curve is the simulated result with C,=0.13pF, R,=25%0, L,=
0.6nH, and L,=0.3nH; the overlapping dashed curve is the calculated counterpart using (1).
On the S;, trajectory, there are two marked frequency points where the corresponding input
impedance is purely real and close to 502, and thus are good indices for this circuit’s
(slightly larger) available frequency range. By setting Im[Y,,] to zero, both f; and fy can be
determined as

1

S =
Zﬂ\/L gd+Cd G ‘mRds

(4)

and

. 1

= L, + Ly)Cy ©)

The calculated f; and f;; are 4.09 GHz and 13.24 GHz in this case, and are very close to
the simulated 5 GHz and 12.8 GHz, respectively. Apparently, with C; used in determining
Re[Z;,], f1 can now be set by L, while f;; could be manipulated by Z,. Fig. 6 shows the
simulated input reflection coefficient with different L;, where curves 1-3 have L;=0.3, 0.4,
and 0.5nH, and all have their C,=0.13pF, R;=25¢2, and L,=0.6nH. Fig. 7 illustrates the
impact of L, on S;,, where curves 1-3 are with L,=0.3, 0.6, and 0.9nH, and all have their
C4=0.13pF, R,=25%), and L;=0.3nH. Figure 8 shows the simulated S;, with different R,

Fig. 4 Equivalent input schema- -1 L
. . - - C ‘d
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S
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GLl . .
Ces T v A~ Y
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Fig. 5 Calculated and simulated input reflection coefficient of the proposed transistor circuit. a The solid
curve on the Smith chart is the simulated result while the dashed curve is its calculated counterpart. Here f;
and f; are the resonant low- and high-frequency points. b The same results expressed in dB vs. frequency.

where curves 1-3 have R,;=25, 45, and 65¢2, and all have their C;=0.13pF, L,=0.3nH, and
L,=0.6nH. Intuitive understanding of this matching mechanism can now be best described

as follow:

(a) f<fr: As series R,L,C, tends to be open-circuit at very low frequency and the effect

of L, is very small in this frequency range, the transistor’s loading is now dominated
by channel resistance Ry, (= 452Q2). The resulting Miller capacitance G,,R;Cqy
(= 2.31pF) puts the location of S;, in the capacitive region of the Smith chart. As
frequency increases, the real part of input impedance will start to be affected by the
loading Cy, as Re[Z,;,] = C,/G,,Cq,y. The S;, trajectory can be determined by C,; and
moves along the constant resistance circle in the capacitive region [12].

(b)  fL<f<fu: As frequency continues to increase, the inductive voltage induced by L, at

the input is becoming more obvious, thus the inductive components of Z;, (originating
from L;) will resonate out the aforementioned Miller capacitance G,,RCqq. On the
Smith chart, S;, will now pass-by the zero point and enter the inductive region;
therefore, it is apparently that f; can be set by L. Since the loading resistor R, (= 25€2)
can also generate a small Miller capacitance G,,R;C,q (= 0.125pF), a further bending
of the still-inductive S;, on the Smith chart can be observed in this frequency range.

a b
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= 2

20
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Fig. 6 Simulated input reflection coefficient of the wideband transistor circuit with different values of L. a
On the Smith chart, curves 1-3 correspond to L;=0.3, 0.4, and 0.5, respectively, while C,=0.13pF, R,=25(),
and L,=0.6nH. b The same results expressed in dB vs. frequency.
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Fig. 7 Simulated input reflection coefficient of the wideband transistor circuit with different values of L,. a
On the Smith chart, curves 1-3 correspond to L,=0.3, 0.6, and 0.9nH, respectively, while C,=0.13pF, R,=
25Q, and L;=0.3nH. b The same results expressed in dB vs. frequency.

(¢) f=fw: When the inductor L, begins to resonate out C,, the loading circuit can be
approximated as R, at the resonance frequency; therefore, Z;, is predominated by the
corresponding Miller capacitance G,,R;Cgs, Which means S;, on the Smith chart can
be easily dragged into the capacitive region. A complete loop around the zero point is
now constructed and we know that f;; can be changed by Z,. If the high frequency
range means infinite, this L; can indeed be omitted; otherwise, the importance of this
L, cannot be ignored in the case of finite-bandwidth wideband LNA. Thus far, the
roles played by C,, L, L, and R, in achieving wideband input matching are well
explained and can be easily understood.

3 Wideband LNA design

With the wideband matching mechanism fully analyzed, two CMOS LNA’s, one covers
the more common 3-8 GHz as an initial verification and the other the more challenging
8-25 GHz for exploring this type of circuits’ potential and limitation, are designed and
fabricated using TSMC 0.18-um RF-CMOS process. Both the S-parameters and noise

a b
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0.1—20 GHz
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-30
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Fig. 8 Simulated input reflection coefficient of the wideband transistor circuit with different values of R,. a
On the Smith chart, curves 1-3 correspond to R,=25; 45, and 65, respectively, while C;,=0.13pF, L=
0.3nH, and L,=0.6nH. b The same simulated results in dB vs. frequency.
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Fig. 9 Photograph of the 3-8 GHz LNA. The chip size is 1400x 1000 um?. Ty, T,, and Ty are the three
transistors.

figures of these two circuits are measured on-wafer at room temperature. Description of the
circuits and their measured results will be presented below.

Figures 9 and 10 are the photograph and schematic of the 3-8 GHz LNA. It is mainly
the 1nH source inductor L, 1.5nH inter-stage L, and 0.2pF loading capacitor C,, that
contribute to the wideband input matching. The coupling between L, and L, allows the
reduction of the chip size. To reduce its power consumption, a slightly smaller transistor is
used for the first stage. To ensure that the equivalent C,, is still sufficient to sustain the
wideband matching mechanism, an external capacitor C,, is added. The large inductor Ly,
on the drain branch is for DC bias purpose and has small impact on S;; in 3-8 GHz. Since
this L,;,s tends to introduce a negative Re[Z;,] at very low frequency, R, is used to
stabilize this amplifier.

Figure 11 shows the measured and simulated S-parameters of this 3-8 GHz LNA where
the both the S;; and S, are below -10dB, S,; around 15dB, and S, far below -20dB. For
each measured scattering parameter, there are two simulated counterparts, technically
SS and TT corners, to account for the inevitable process variation. The bias is set at V,; =
1V and 1;;=9.5 mA for the first-stage transistor, ;, = 1V and /;,=7.5 mA for the second
stage, and V3 = 1V and /;3=7.4 mA for the last stage. Figure 12 shows the same S;; and
S35 on the Smith chart, and both resemble the familiar wideband hook shape. Figure 13

Fig. 10 Schematic of the
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Fig. 11 Measured and simulated S-parameters of the 3-8 GHz wideband LNA. a S,; and S;; where the solid
curves are the measured results and the dashed curves are their simulated counterparts in two circumstances.
b S]2 and Sgg.

0:1—15 GHz

Fig. 12 Measured and simulated S;; and S5 of the 3-8 GHz wideband LNA on the Smith chart. a The solid
curve is the measured S;; and the two dashed curves are the simulated counterparts. b Measured and
simulated S>,.
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Fig. 13 The measured noise figure and IIP3 of the 3-8 GHz wideband LNA. a Noise figure. b IIP3.
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Fig. 14 Photograph of the

8-25 GHz CMOS LNA. The chip
size is 945x 1245 pum?. Ty, Ts,
T;, T4, and Ts are the five
transistors.

shows the measured noise figure and the linearity (IIP3) of this circuit. The total power
consumption of this amplifier is 24.4mW.

Figures 14 and 15 are the photograph and schematic of the 8-25 GHz five-stage LNA
where the design methodology is similar to that of the 3-8 GHz one. To simplify the bias

Fig. 15 Schematic of the i ..
8-25 GHz CMOS LNA. There Ve T transmission
is only one drain bias and one ? T T line T
gate bias needed for this 00 A== )
S-stage circuit. =
Rbia
Out
L
bias| Ld |_._IIXX)\__ _ T5
In ——.T,
T,
L, T
V,e—3 y A 3
L L1 transmission =+
l l line $
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a b

10 20 30
Freq GHz

Fig. 16 Measured and simulated S-parameters of the 825 GHz wideband LNA. a Measured (solid) and
simulated (dashed) S,; and S;;. b Measured and simulated S;, and S,.

0:1-30 GHz

0:1—-30 GHz

Fig. 17 Measured and simulated S;; and S>, of the 825 GHz wideband LNA on the Smith chart. a The
solid curve is the measured S;; and the dashed curves are the simulated counterparts. b Measured and
simulated S>>.
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Fig. 18 Measured S,;, S;; and noise figure of the 8-25 GHz LNA. a Measured S,; and S;; where the solid
curves are with V, = 2V, I, is 37, 50, and 62 mA; the dashed curves are with V, = 1V, I, is 31, 42, and
53 mA, b Measured noise figure with V; = 2V (solid) and V,; = 1V (dashed) with different bias current.
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scheme, only one drain bias and one gate bias are used. Isolation along the common drain
bus between each stage is provided by the long transmission lines that surround the
periphery of this chip. A small chip size of 945x 1245 pum? can thus be obtained. With V,=
1.8V and 1,62 mA, both the measured and simulated S;; and S, are below -10 dB, S,
around 15 dB, and S,, far below -20dB, as shown in Figs. 16 and 17. Apparently, an
increase of the input inductor by the use of bond-wire can easily move the S;; loop upward
on the Smith chart and surround the zero point, therefore, lowers the input reflection
coefficient further. The total power consumption is 112mW. To explore this circuit’s
performance under different bias conditions, Fig. 18 shows the measured input reflection
coefficient, gain, and noise figure at different bias conditions where the solid curves are at
V,=2V, 1;is 37, 50, and 62 mA; the dashed curves are with V;= 1V and /;is 31, 42, and
53 mA, respectively.

4 Conclusion

In this paper, the input matching technique for common source wideband LNA design has
been thoroughly analyzed. The agreement between the simulated input impedance of the
LNA and its calculated counterpart confirms the accuracy of our analysis. To demonstrate
its wideband potential, both the 3-8 GHz and 8-25 GHz low noise amplifiers using TSMC
0.18-um RF-CMOS process are designed, fabricated and measured.

Acknowledgment The authors are very grateful for the support of the National Chip Implementation Center
(CIC), Hsinchu, Taiwan, R.O.C., for chip fabrication and high frequency measurement.

References

1. WPAN High Rate Alternative PHY Task Group 3a (TG3a), IEEE 802.15, 2007 [Online]. Available:
http://www.ieee802.org/15/pub/TG3a.html

2. N. R. Erickson, R. M. Grosslein, R. B. Erickson, and S. Weinreb, “A cryogenic focal plane array for 85—
115 GHz using MMIC preamplifiers,” IEEE Trans. Microwave. Theory Tech. 47(12), 2212-2219
(1999), Dec.

3. N. Wadefalk, et. al., “Cryogenic wide-band ultra-low noise IF amplifiers operating at ultra-low DC
power,” IEEE Trans. Microwave Theory Tech. 51(6), 1705-1711 (2003), Jun.

4. X. Guan and C. Nguyen, “Low-power-consumption and high-gain CMOS distributed amplifiers using
cascade of inductively coupled common-source gain cells for UWB systems,” IEEE Trans. Microwave
Theory Tech. 54(8), 3278-3283 (2006), Aug.

5. P. Heydari, “Design and Analysis of a Performance-Optimized CMOS UWB Distributed LNA,” IEEE J.
Solid-State Circuits. 42(9), 1892-1904 (2007), Sept.

6. L. Yang, K. S. Yeo, A. Cabuk, J. Ma, M. A. Do, and Z. Lu, “A novel CMOS low-noise amplifier design
for 3.1-to 10.6-GHz ultra-wide-band wireless receivers,” IEEE Trans. Circuits Syst. I. 53(8), 1683—-1692
(2006), Aug.

7. A.Ismail and A. Abidi, “A 3-10-GHz low-noise amplifier with wideband LC-ladder matching network,”
IEEE J. Solid-State Circuits, 39(12), 22692277 (2004), Dec.

8. A. Bevilacqua, C. Sandner, A. Gerosa, and A. Neviani, “A fully integrated differential CMOS LNA for
3-5-GHz ultrawideband wireless receivers,” IEEE Microwave Wireless Compon. Lett. 16(3), 134136
(2006), Mar.

9. Y.-J. E. Chen and Y.-1. Huang, “Development of Integrated Broad-Band CMOS Low-Noise Amplifiers,”
IEEE Trans. Circuits Syst. 1. 54(10), 2120-2127 (2007), Oct.

@ Springer


http://www.ieee802.org/15/pub/TG3a.html

1074 J Infrared Milli Terahz Waves (2010) 31:1063-1074

10. C.-T. Fu, and C.-N. Kuo, “3~11-GHz CMOS UWB LNA using dual feedback for broadband matching,”
in IEEE Radio Frequency Integrated Circuits Symp. Dig., San Francisco, California, pp. 67-70, 2006.

11. C.-T. Fu, C.-L. Ko, C.-N Kuo, and Y.-Z. Juang, “A 2.4-5.4-GHz Wide Tuning-Range CMOS
Reconfigurable Low-Noise Amplifier,” IEEE Trans. Microwave Theory Tech. 56(12), 2754-2763
(2008), Dec.

12. R. Hu, “Wide-band matched LNA design using transistor’s intrinsic gate-drain capacitor,” IEEE Trans.
Microwave Theory Tech., 54(3), 1277-1286 (2006), Mar.

@ Springer



	Wideband Matched CMOS LNA Design Using R-L-C Loading Network
	Abstract
	Introduction
	Analysis of wideband LNA design
	Wideband LNA design
	Conclusion
	References



<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


