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Abstract—An area-efficient multistage 3.0- to 8.5-GHz ultra-
wideband low-noise amplifier (LNA) utilizing tunable active in-
ductors (Als) is presented. The Al includes a negative impedance
circuit (NIC) consisting of a pair of cross-coupled NMOS tran-
sistors and is tuned to vary the gain and bandwidth (BW) of
the amplifier. Fabricated in a 90-nm digital CMOS process, the
proposed fully on-chip LNA occupies a core chip area of only
0.022 mm?. The measurement results show a power gain S21 of
16.0 dB, a noise figure of 3.1-4.4 dB, and an input return loss S11
of less than —10.5 dB over the 3-dB BW of 3.0-8.5 GHz. Tuning
the Als allows one to increase the gain above 18.0 dB and to extend
the BW over 9.4 GHz. The LNA consumes 16.0 mW from a power
supply of 1.2 V.

Index Terms—Active inductor (AI), CMOS, low-noise amplifier
(LNA), shunt peaking, ultrawideband (UWB).

I. INTRODUCTION

N ultrawideband (UWB) low-noise amplifier (LNA) is a

critical building block of the receiver front end in a UWB
radio system. It needs to be designed with a high and flat gain, a
low noise figure (NF), good linearity, and 50-2 matching over
a wide bandwidth (BW) and should consume a small amount of
power [1]. Conventional designs of CMOS UWB LNAs using
on-chip passive inductors have been reported in the literature
[1]-[4]. These LNAs employ inductors for input matching [1],
inductive peaking (shunt, series, or shunt—series) [2], [3], and
distributed amplifying [4]. To ensure a low-cost design and the
widest possible adoption within the rest of the system, the LNA
should occupy a small die area and be implemented in digital
CMOS processes. Hence, there are strong arguments not to use
on-chip bulk passive inductors, which occupy a large portion of
the chip area and are difficult to model accurately in standard
CMOS processes. Recently, a 3.1- to 4-8 GHz UWB LNA
using active and passive inductors has been reported [5]. Since
an active inductor (Al) circuit consists of a few transistors, it
occupies a fraction of the area of an on-chip passive inductor.
The other advantages of Als over passive inductors are high
inductance value with higher self-resonance frequency, high
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Fig. 1. Schematic of the proposed LNA.
quality factor @), wide tunability, and compatibility with digital
CMOS technologies [6], [7].

In this brief, we present a multistage LNA that uses tunable
Als. The tunability of Als allows for tuning the gain and BW of
the amplifier in different bands or band groups of a UWB multi-
band orthogonal frequency-division multiplexing (MB-OFDM)
system. The circuit, design principles, and measurement results
of the implemented 3.0- to 8.5-GHz UWB LNA are described
in the following sections.

II. CIRCUIT DESCRIPTION AND DESIGN TECHNIQUES

The schematic of the proposed LNA along with terminal
impedances (Rs = Ry = 50 §2) is shown in Fig. 1. This is a
three-stage amplifier using Als in the input and output stages
with wideband input matching based on resistive feedback.
At the output node (node “1”) of the input-stage cascode
amplifier, an Al in series with a resistor R~ and a coupling
capacitor C'c (dc blocker) is employed to extend the amplifier’s
BW and improve its gain flatness using shunt peaking [8].
A feedback resistor Rr, through a source follower (transistor
M4 and current source Ip1), is used to achieve 50-(2 input
matching. A small capacitor Cr (= 25 fF) is used to improve
input matching. It increases feedback at high frequencies and
eliminates peaking in the amplifier frequency response [9].

The output-stage common-source (CS) amplifier boosts the
gain of the overall amplifier and provides 50-{) output match-
ing. Here, we connect another Al to the load resistor Rp at

1549-7747/$26.00 © 2010 IEEE
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node “3” to minimize the effect of the overall node capacitance.
The interstage buffer circuit (transistor M5 and current-source
Ipo) provides isolation between the input cascode and the
output CS stages and makes the input and output matching
independent of each other. The circuit of the Als is shown in
Fig. 2, and a common control voltage Ve is used to tune
them. C'p is the external dc blocking capacitor. All bias circuits
are internal and are not shown. The following sections discuss
the tunable Al, as well as the overall input matching, gain, and
noise of the LNA.

A. Tunable AI

CMOS Als have popularly been realized using the well-
known gyrator-C' topology, where the gyrator consists of two
transconductors connected in a feedback configuration [6], [7],
[10]. The concept of an Al is to emulate the inductive input
impedance Zij,q of the two-port network of a gyrator loaded
by a capacitor C. In [6], [7], and [10], Z;,q is obtained from
the small-signal model of the Al and is equivalent to a parallel
RLC circuit of resonance frequency wy (wo = 1/v/LC) and
quality factor @ (Q = woL/R = woRC). Since Ziyq is induc-
tive below wy and is capacitive above w,, a high wy is required
to obtain inductance over a wide frequency range.

In [11], we proposed a wide-tunable (tuning wgy) CMOS Al
(Fig. 2), which is based on a cross-coupled pair of transistors
forming a negative impedance circuit (NIC) and providing pos-
itive feedback for high wg and enhanced () factor. By varying
current I with Ve, the range of inductive impedance Zinqg
and, in turn, the range of inductance L over frequency can be
changed. The simulated frequency characteristics of inductance
of the one-port Al for different values of I with Ve (of
400-700 mV) are shown in Fig. 3. Note that resonance fre-
quency fo (= wo/2m) varies over a wide range (10-17 GHz),
and consequently, the inductance range (over a few MHz to
15 GHz) and its value (a few nH to 20 nH) also change. It is
also notable that inductance with a higher value has a lower
frequency range.

At middle frequencies, the equivalent RLC circuit of Zj,q
of the AI (Fig. 2), along with coupling devices (Rc¢,Cc)
and the node capacitance C (or C'3) at node “1” (or “3”) of
the LNA (Fig. 1), is shown in Fig. 4(a). Lg represents the
inductance of the Al, and Ry is the series resistance accounting
for ohmic losses in the Al Using the simplest model for
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Fig. 4. Small-signal equivalent circuit of the Al (Fig. 2).

transistors appears to lead to the zero value for Rs. Neglecting
the effects of Rp and Cp (small sizes of devices and their
low transconductances in the Al), the circuit in Fig. 4(a) can
be approximated with the circuit in Fig. 4(b), where L., and
Req are equal to Lg and Rc (Rg ~ 0), respectively. The
addition of R¢ reduces the @ factor (Q =wL/R¢) of the
Al and ensures a flat frequency response suitable for UWB
applications. Thus, L. in series with R is poised to shunt the
overall node capacitance (at “1” or “3”). Hence, this meets the
requirement of shunt peaking (namely, active shunt peaking)
in minimizing the effects of parasitic node capacitances and,
in turn, increasing the amplifier’s BW and improving the gain
flatness.

B. Input Impedance and Matching

At low frequencies, the input impedance Z;,, (= Rj,) of the
LNA is

1
Ry, = (RF + > X (gm2 ) ~ Rp x _gm2
gma gm1 + gm?2 gm1 + gm2
(D

where ¢,,1, gm2, and g4 are transconductances of transistors
M1, M2, and M4, respectively, and the equation is simplified
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for Rrpgma > 1. To achieve the input-matching condition of
Ry, = Rs = 50 Q, Rp needs to be 200 Q with g,,1 = 3gma,
that is, transistor M1 is three times larger than transistor M2
for the same overdrive voltage. Neglecting the loading effect
of the following buffer stages, at higher frequencies, the input
impedance without considering Cr (= 25 fF) is expressed as

1
Zin =
9ma4 9mi19ma4a
80951 + 1+Rpgma (1 + gm2 ZL)

2

where Cl; is the gate—source capacitance of transistor M1,
and Z, is the equivalent impedance looking at the output node
(node “17) of the cascode amplifier. Due to the small coefficient
of Zr, in (2), its effect can be neglected in calculating the input
impedance.

C. Gain

The overall voltage gain A, of the proposed three-stage
LNA is A,1 AyoAys, where A,y is the gain of the first-stage
cascode amplifier and so on. The input cascode stage provides a
reasonable gain, but the overall node capacitance C; at node “1”
(Fig. 1) limits the BW. The output CS stage boosts the overall
gain of the LNA, but the frequency response rolls off very fast
at higher frequencies due to the node capacitance C'3 at node
“3.” In deriving the expression for voltage gain, the Al along
with R is replaced with its equivalent circuit of L, in series
with R, [Fig. 4(b)]. The voltage gain of the first-stage cascode
amplifier can be expressed as

v
Ay = —+ ~X —Gm1 {(7‘03)

in

Reg + sLeq
szLequ + sReq01 +1
(3)

where 7,3 is the output resistance of transistor M3. The total
output resistance of the cascode amplifier seen at node “1”
is approximately (g.2701702)]||703, Where 7,1 and r,o are the
output resistances of M1 and M2, respectively. For a large
current-source load device M3, providing a current of around
4 mA with g0 of 20 mS, ¢,,2751702 iS much higher than
To3 (Gmaro1To2 > ro3). Hence, the small-signal gain of the
cascode amplifier (without Al) is simply —g,,17,3. However,
from (3), it is notable that the low-frequency gain is —g,,1 Req
for 793 > Req. For gim1 of 65 mS and Ry (= R¢) of 180 (2,
the gain obtained from the cascode stage is reasonably high.
However, under an input-matching condition with a load of
Req (with Al), input resistor R;, is approximately equal to
Rp/(gm1Req)- Therefore, the gain of the input-stage can be
simplified as A,1 & —gm1Req = —Rp/Rin, which is low for
Rin = Rg = 50 Q. Thus, the gain of the input cascode stage is
traded off with noise and power match.
The gain of the interstage source follower (M5, Ip9) is
V2 S CgsS + 9Im5

Ap="2= 4
° U1 5(02 + Cgs5) + gms @

where C5 is the total load capacitance, including the
gate—source capacitance of M6 (Cys6) at node “2” (Fig. 1).
Note that the source follower has a unity gain (= ¢;n5/Gm5)
at low frequency. For smaller values of Cys5 and Cy (in the
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subpicofarad range), the pole —g,,,5/(C2 + Cys5) and the left-
half-plane zero —g,,5/C,s5 provide some degree of cancella-
tion and, hence, broaden the frequency response.

The voltage gain of the final-stage CS amplifier is
expressed as

Ay = Yout _ (5Cyd6 — gme) X {Rp [|[(Req + sLeq) }
v Vg 5(Cs + Cyas) X {Rp ||(Req + 8Leq) } +1
(5

where g¢p,6 and Cyq¢ are the transconductance and the
gate—drain capacitance of transistor M6, respectively. At low
frequency, the gain is —g,,6 (Rp || Req). With g,,6 of 110 mS/V,
Rp of 75 Q, and R, (= R¢) of 170 Q, the amplifier provides
a good gain. Moreover, Rp || Req (~ 52 ) ensures direct 50-(2
output matching (R, = 50 €2).

Ip; of 1 mA and Ip5 of 1.9 mA provide g,,4 and g,,,5 of 20
and 35 mS, respectively. The widths W of transistors M1, M2,
M3, and M6 are to be 135, 45, 39, and 90 pm, respectively. The
coupling capacitor C'c of 750 fF (0.75 pF) shows a negligible
effect for the frequency of 3 GHz and above. All capacitors are
realized with fringe capacitors using multilevel interdigitated
metal structures. Each Al draws a current of 200 puA with a
Viune of 550 mV (I of 58 pA) (simulated), and the widths
of transistors in the AI are in the range of 1-5 pm. The
proposed UWB LNA is implemented in STMicroelectronics
90-nm digital CMOS process.

D. Noise

The noise performance of the proposed three-stage LNA is
mainly determined by the noise performance of the first-stage
cascode amplifier. The important noise sources in this stage are
as follows: input device M1, cascode device M2, load device
M3, source-follower device M4, current-source device MB1
(not shown) of Ip1, feedback resistor Ry, and the equivalent
resistor R of the Al. Calculating the “input-referred noise”
of the amplifier as described in [12], the noise factor F' of the
LNA with the source resistance R g under a matching condition
(Rs = Riy) can be expressed as

71 Yo 1 V3 * Gm3

F~1l+ + .
Im1 * RS Im2 * RS (gml : 7/.03)2 (gm1)2 : RS
+ Y4 Gma + VIb1 * Gmbl ch & (6)
Rs - (gma)? - (gm1 - 703)?  Rs(gmi1-703)> Rp

where 1, Y2, ¥3, Y4, and 77,1 are the noise factors or fitting
parameters for the noise models of transistors M1, M2, M3,
M4, and MBI, respectively, and ¢,,,2, gm3, and g1 are the
transconductances of transistors M2, M3, and MB1 (of Ig1),
respectively. Note that a large ¢,,,1 and a high gain (g,,,1703)
in the input cascade stage are required to reduce F'. The lower
limit of F' is bounded by the last term (Rs/Rp).

In (6), the term before the last one is associated with the
noise contribution of the Al to the core LNA. Since the Al is
connected to the load of the amplifier, its noise contribution
is reduced by the high gain of this stage. Moreover, the local
feedback-loop through a source follower further reduces this
noise contribution. Hence, the noise added from the Al to the
LNA can be neglected.
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Fig. 5. Microphotograph of the fabricated LNA.
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III. MEASURED RESULTS

The die microphotograph of the fabricated LNA is shown
in Fig. 5. The LNA occupies an active chip area of only
0.022 mm? (180 pm x 125 pm), and the overall area, in-
cluding all bonding pads, is 0.08 mm? (320 pm x 250 pm).
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The amplifier was measured via on-wafer probing with
ground-signal-ground probes.

Operated with a 1.2-V power supply, the whole LNA draws
a current of 13.4 mA with a Ve of 550 mV. Under this
condition, the measured power gain S21 is 16.0 dB with the
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TABLE 1
PERFORMANCE SUMMARY OF RECENTLY PUBLISHED CMOS UWB LNAS
Ref. Technology BW Gain S11 NF 1IP3 Pass Active Area Measured
[CMOS] [GHz] [dB] [dB] [dB] | [dBm] | [mW] [mm?]

[ 0.18um 2.3-9.2 9.3 <99 | 40-92 | -67 9.0+ 0.66 On wafer
[13] 0.13um 20-52 | 160 | <=9.0 | 47-57 - 38.0 0.24 On wafer
[17] 0.13um 15-81 | 11.7M | <9.0 | 3.6-60] -67 2,62 0.58 On wafer
[14] 90nm 05-82 | 2508 | <75 [ 22-38 | —4.0 420 0.025 On wafer
[15] Dig. 90nm [ 2.0-11.0 | 120 | <-10.0 | 52-59 | -4.0 17.0 0.696 On wafer
[16] Dig. 90nm 02-9.0 | 100 | <100 | 5.0-80 | -8.0 20.0 0.066 In packaged

[This work] Dig. 90nm 3.0-85 | 160 | <105 | 3.1-44 | 54 16.0 0.022 On wafer
1

+ Output buffer power (x<9mW); " minimum gain 8§

—3-dB BW spanning from 3.0 to 8.5 GHz, as shown in Fig. 6.
Fig. 7 shows the gain—-BW trading off with the tuning of the
Al by Vryne. Note that a gain of 18 dB (with BW = 6.3 GHz)
is achieved for a Vyne of 650 mV, and the BW (with gain =
14 dB) is extended to 9.4 GHz for a Vipypne of 450 mV.

Fig. 8 shows the measured and simulated NFs. The measured
NF is in the range of 3.1-4.4 dB within the BW (3.0-8.5 GHz).
Note that the NF degrades by almost 1.0 dB, as compared with
the simulated NF. Fig. 9 shows the measured input and output
return losses (S11 and S22). S11 is below —11.5 dB, and S22
is below —19 dB over the —3-dB BW. The intermodulation test
with two tones applied at a separation of 1 MHz yields an input
third-order intercept point (IIP3) of —5.4 dBm at 5 GHz, as
shown in Fig. 10.

The performance of the LNA is summarized in Table I and
is compared with those of recently published CMOS UWB
LNAs [1], [13]-[17]. Note that, in Table I, LNAs in [1] and
[14]-[16] require additional output buffers for matching and
measurements, and these buffers consume a large amount of
current (> 5 mA). On the other hand, our proposed LNA
is a fully integrated on-chip circuit with input and output
impedances being matched to 50 2 over the BW, and it occupies
the smallest chip area. Moreover, the presented LNA is tunable,
where the gain can be achieved over 18 dB, and the BW can be
extended over 9.4 GHz.

IV. CONCLUSION

We have designed and fabricated a multistage UWB LNA
using tunable Als that replace passive inductors, as required
in conventional LNAs. Positive feedback of the NIC-based Al
is used to enhance resonance frequency wy and, in turn, to
extend the inductive impedance range covering the UWB BW.
The tunabilty of the LNA makes it suitable for operating in
different bands of a UWB MB-OFDM system with required
gain and BW. We have proposed a novel technique of active
shunt peaking for cancelling or minimizing the effect of nodal
capacitances by employing an Al in each stage of a multistage
LNA to increase the amplifier’s BW. Using Als results in a
very compact fully integrated LNA (active chip area of

.6dB; %! core power; Bl Voltage gain (not power gain);

0.022 mm?), which can be implemented in standard digital
CMOS processes.

REFERENCES

[1] A. Bevilacqua and A. M. Niknejad, “An ultrawideband CMOS low-
noise amplifier for 3.1-10.6-GHz wireless receivers,” IEEE J. Solid-State
Circuits, vol. 39, no. 12, pp. 2259-2268, Dec. 2004.

[2] Y.-J. Lin, S. S. H. Hsu, J.-D. Jin, and C. Y. Chan, “A 3.1-10.6 GHz ultra-
wideband CMOS low noise amplifier with current-reused technique,”
IEEE Microw. Wireless Compon. Lett., vol. 17, no. 3, pp. 232-234,
Mar. 2007.

[3] C.-F. Liao and S.-I. Liu, “A broadband noise-canceling CMOS LNA for
3.1-10.6-GHz UWB receivers,” IEEE J. Solid-State Circuits, vol. 42,
no. 2, pp. 329-339, Feb. 2007.

[4] K. Moez and M. I. Elmasry, “A low-noise CMOS distributed amplifier for
ultra-wide-band applications,” IEEE Trans. Circuits Syst. II, Exp. Briefs,
vol. 55, no. 2, pp. 126-130, Feb. 2008.

[S] M. U. Nair, Y. Z. Zheng, and Y. Lian, “l V, 0.18 mm-area and power
efficient UWB LNA utilizing active inductors,” Electron. Lett., vol. 44,
no. 19, pp. 1127-1129, Sep. 2009.

[6] F. Yuan, “CMOS gyrator-C active transformers,” IET Circuits, Devices
Syst., vol. 1, no. 6, pp. 494-508, Dec. 2007.

[7]1 A. Thanachayanont, “CMOS transistor-only active inductor for IF/RF
applications,” in Proc. IEEE ICIT, Dec. 2002, vol. 2, pp. 1209-1212.

[8]1 T. H. Lee, The Design of CMOS Radio-Frequency Integrated Circuits.
Cambridge, U.K.: Cambridge Univ. Press, 2002.

[9] L. E. Larson, Ed., Microwave and RF Design for Wireless Communica-
tions. Norwood, MA: Artech House, 1996.

[10] Y. Wu, X. Ding, M. Ismail, and H. Olsson, “RF bandpass filter design
based on CMOS active inductors,” IEEE Trans. Circuits Syst. II, Analog
Digit. Signal Process., vol. 50, no. 12, pp. 942-949, Dec. 2003.

[11] M. M. Reja, I. M. Filanovsky, and K. Moez, “Wide tunable CMOS active
inductor,” Electron. Lett., vol. 44, no. 25, pp. 1461-1463, Dec. 2008.

[12] B. Razavi, Design of Analog CMOS Integrated Circuits. New York:
McGraw-Hill, 2000.

[13] R. Gharpurey, “A broadband low-noise front-end amplifier for ultra wide-
band in 0.13-um CMOS,” IEEE J. Solid-State Circuits, vol. 40, no. 9,
pp. 1983-1986, Sep. 2005.

[14] J. C. Zhan and S. S. Taylor, “A 5 GHz resistive-feedback CMOS LNA
for low-cost multi-standard applications,” in Proc. IEEE Int. Solid-State
Circuits Conf. Tech. Dig, Feb. 2006, pp. 200-201.

[15] C.-S. Wang and C.-K. Wang, “A 90 nm CMOS low noise amplifier using
noise neutralizing for 3.1-10.6 GHz UWB system,” in Proc. 32nd Eur.
Solid-State Circuits Conf., Sep. 2006, pp. 251-254.

[16] T. Chang, J. Chen, L. A. Rigge, and J. Lin, “ESD-protected wideband
CMOS LNAs using modified resistive feedback techniques with chip-
on-board packaging,” IEEE Trans. Microw. Theory Tech., vol. 56, no. 8,
pp- 1817-1826, Aug. 2008.

[17] H. Zhang, X. Fan, and E. Sanchez-Sinencio, “A low-power, linearized,
ultra-wideband LNA design techniques,” IEEE J. Solid-State Circuits,
vol. 44, no. 2, pp. 320-330, Feb. 2009.




<<
  /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
  /CreateJDFFile false
  /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 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


