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A 433-MHz Rail-to-Rail Voltage Amplifier with Carrier Sensing
Function for Wireless Sensor Networks

Takashi TAKEUCHI'®, Shinji MIKAMI', Members, Hyeokjong LEE', Nonmember, Hiroshi KAWAGUCHI',

SUMMARY In this paper we propose a novel functional amplifier suit-
able for low-power wireless receivers in a wireless sensor network. This
amplifier can change input threshold level as carrier sensing level, since it
has a minimum input amplitude to be amplified. A simple rail-to-rail out-
put is suitable for a subsequent digital interface. The target frequency is
433 MHz, and the maximum voltage gain is 11 dB. The standby power is
39.5nW, and the active power is 352 uW. The chip area is 82 X 24 um>.
key words: wireless sensor network, amplifier

1. Introduction

Recent advances in microsensors, integrated circuits, and
wireless communication technologies realize WSNs (wire-
less sensor networks) composed of a group of low-power
sensor nodes [1]. One of the most important issues on the
WSNs is the extension of their available period, that is, net-
work lifetime to the longest period possible under the con-
dition that each sensor node has only a strict energy budget.
For this reason, it is effective to reduce the power of an RF
(radio frequency) block in a sensor node since it is the major
power-consuming block on the whole.

1.1 Standby Power

In WSNs, sensor nodes are intermittently activated since
their data rate is low. Their activation ratio is merely 1073
[2], and sensor nodes enter a standby mode in the rest pe-
riod. Hence, a low standby power is important, which must
be less than 10~ of the active power. Otherwise, the standby
power becomes predominant, and the lifetime of WSNs be-
comes shorter.

1.2 Carrier Sensing Function

We should avoid data collisions and interferences in WSNs
so as not to waste the power budget. While one node is
transmitting data, it is desirable that other nodes around it
do not communicate with each other. One method to solve
the problem is a carrier-sensing approach, which is widely
utilized in many MACs (media access controls). All nodes
make a carrier sense before they transmit data. If they detect
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a carrier, they defer the transmission of a packet. A typical
carrier-sensing scheme is to measure an RSSI (received sig-
nal strength indicator). A channel is considered busy if the
detected energy in the channel is above a threshold; other-
wise it is considered idle. The RSSI carrier sense requires
an additional A/D converter to detect the energy in the chan-
nel, which consumes significant power. Thus, this kind of
carrier sense is unsuitable for a low-power wireless sensor
node. We will describe another approach in this paper.

2. Conventional Amplifiers for Wireless Sensor Net-
works

In conventional research, low-power RF receivers for WSNs
have been proposed [3], [4]. They adopt OOK (on-off key-
ing), where data are modulated by the existence of a signal
(e.g., “Hi” when there is a signal, and “Lo” when there is no
signal). OOK is a simple modulation, and thus can be im-
plemented with simple and low-power hardware. In [4], an
LVA (low-voltage amplifier) is adopted as the first-stage am-
plifier in a receiver, after which there are inverter-type volt-
age amplifiers connected in series with no inductors. This
circuit adopts an incoherent architecture, but is “digitally”
analog. It works rail to rail at a frequency of 433 MHz. Fig-
ure 1 shows an inverter-type voltage amplifier with nMOS
power switches; in the standby mode, these switches are cut
off by the /Standby signal to reduce short current. This am-
plifier requires no bias adjustment because it has a feedback
loop made of a resistor, and can automatically set bias volt-
age to half of the supply voltage. This type of amplifier has
a high voltage gain, and is well utilized in a piezoelectric os-
cillator, but always draws short currents. Therefore, a large
power is consumed even if no signal is input, and the chain
of the inverter-type voltage amplifiers reaches 94% of the
total power in the receiver [4].

Instead of an inverter-type voltage amplifier, a latch-
type voltage amplifier in Fig. 2 for suppressing short current
has been proposed [5]. It has bistability owing to its latch
property, and the two bias points are fixed at Vj, and V}, at
which a lower short current flows through the main ampli-
fier. This is because V}, and V; in the feedback inverter are
slightly shifted from the middle of the supply voltage, but
they are supplied externally in [5]. When a signal is input,
the main amplifier amplifies it, and at the same time drives
the feedback inverter. The feedback inverter helps the in-
put signal be latched by its feedback. However, this con-
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Fig.1  Schematic of conventional inverter-type voltage amplifier.
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Fig.2  Schematic of latch-type voltage amplifier.

ventional latch-type voltage amplifier only accepts a square
wave. When a sinusoidal wave is input, the two bias volt-
ages fluctuate owing to the phase error between the input
and feedback signals. Therefore, we cannot use this latch-
type voltage amplifier in an RF application.

3. Proposed Voltage Amplifier: Bistability Amplifier
(BSAMP)

We propose a low-power voltage amplifier with a carrier
sensing capability for OOK, named a BSAMP (bistability
amplifier). The schematic is illustrated in Fig.3(a). In the
conventional and proposed schemes, the transistor sizings
in the main amplifiers are all the same. To the conventional
amplifiers, however, Cy;, and R are added to stabilize the bias
points and accept a sinusoidal wave. In the design of the pro-
posed amplifier, the data rate of OOK is 20kbps. R and Cy,,
in Fig. 3, which have a role of a high-pass filter, do not pass
the data rate of 20 kbps to avoid low-frequency undulation.
However, the high-pass filter passes the carrier frequency of
433 MHz, whose gain is —40 dB at the frequency of 20 kHz.

The intermediate voltages (V) and V) are supplied by
a voltage generator described below. The BS-aid (bistability
aid) helps to bias the main amplifier and stabilizes the state
of the main amplifier with its positive feedback. The main
amplifier amplifies the input voltage (V;,), and drives the
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Short currents

Fig.3  Schematic of bistability amplifier (BSAMP).

output buffer. We take all parasitic elements and parasitic
effects into account in simulations carried out with Synopsys
HSPICE. In this section, we compare the proposed BSAMP
with the conventional voltage amplifier in Fig. 1 by circuit
simulations.

3.1 DC Characteristic

Figure 4(a) shows the operating points of the main amplifier
and BS-aid at a supply voltage of 1.0 V. The main amplifier
in the conventional scheme has the same DC characteris-
tic as that in the proposed scheme because their transistor
sizings are identical. The operation curves of the main am-
plifier and BS-aid intersect at two points. In the BSAMP,
every time the amplitude of V, exceeds V, (= (V;,-V))/2),
the bias points of the main amplifier alternate. The voltage
gain at the bias point is almost the same as the conventional
one because V, is small (= 25mV) and the bias points are
close to the maximum slope at (Vj, + V;)/2.

Figure 4(b) shows the bias currents flowing through the
main amplifier and BS-aid. The bias current flowing through
the main amplifier is reduced to 232 uA (5% down from
the maximum) owing to the shifted bias voltage, which also
lowers the short current flowing through the output buffer.
Meanwhile, the output buffer in the conventional amplifier
draws a large short current owing to its bias point. As shown
in Fig. 5, since the output buffer of the BSAMP is biased at
0.67 V as the input voltage, the short current is reduced by
86.4%, compared with the conventional one. The bias volt-
age of the BS-aid is fixed at Vj,;,s (= V), = 0.476 V), but the
bias current through it is very small in nature because the
supply voltage is 50 mV (= V;,-V)).

In the proposed BSAMP, the zigzag cut-off scheme can
be accommodated in a way that minimizes standby current
[6], whereas in the conventional one, this is not possible
and two nMOS are inserted as a power gating (see Fig. 1).
The bias voltage fluctuates in the multistage inverters of
the conventional amplifier if the zigzag scheme is applied,
which would result in a low voltage gain. In the conven-
tional scheme, the main amplifier biased at the point of the
maximum leakage current is drawn by its feedback resistor
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Fig.5 Bias currents in output buffers.

even if the the nMOS switch is turned off in the standby
mode. In contrast in the proposed BSAMP, the zigzag cut-
off scheme is quite effective since the bias voltage of the
BS-aid is moved to V; by the cut-off pMOS in the BS-aid,
which slightly turns off the nMOS in the main amplifier. At
the same time, the nMOS switch in the main amplifier is also
turned off; hence, the series of the slightly off nMOS and
completely off nMOSs reduces leakage current more than
the conventional amplifier, in the standby mode. Moreover,
the two pMOSs in the output buffer are turned off, which
completely cuts off the standby leakage current in it. This
mechanism takes advantage of the zigzag cut off scheme in
which two transistors are always off in a leakage path. The
settling time from the standby mode to the active mode is
20 us, which is shorter than the interval of one bit when the
data rate is 20 kbps, and thus the delay penalty and power
overhead are negligible when initiating communication.
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Fig.6  Voltage gain characteristics.

The power consumed by the bias current and the
standby power including the output buffer are 277 uW and
23.1nW, whereas they are 547 uW and 178 nW in the con-
ventional one. This demonstrates that we save 46% of the
bias power and 87% of the standby power, respectively.

3.2 Operation in Active Mode

In the BSAMP, when V;, is input to the main amplifier and
the amplitude of V, is less than V,, the BS-aid tries to con-
vert V;, to its bias voltage using feedback because the bias
point is a stable point. That is, the main amplifier is biased
at V;, and outputs a higher value; the output buffer has a
negative gain owing to the high V,.

In contrast, when the input voltage (V;) is larger than
V., the bias point is shifted to another stable point, Vj,. In the
meantime, the bias voltage of the main amplifier is changed
between V; and V},, which drives the output buffer causing it
to have a positive gain.

Figure 6 shows the voltage gain characteristics at an
operating frequency of 433 MHz, and exhibits a threshold
function. In the figure, when the input amplitude (= V},)
is around V, (= 25mV), BSAMP has a threshold. We can
exploit this salient feature as a carrier sense. As input ampli-
tude increases, voltage gain decreases owing to output sat-
uration since the proposed amplifier is rail to rail. We can
obtain a maximum voltage gain of 11 dB when the input am-
plitude is 50 mV in this simulation. Note that we presume
that there is a LVA just before the BSAMP, since even a
value of 50 mV is large.

Figure 7 shows the frequency characteristic in terms
of voltage gain in the conventional and proposed ampli-
fiers. The input amplitudes are set to S0mV in both. At
433 MHz, no bandwidth degradation of the BSAMP is ob-
served; however, beyond 1 GHz, the characteristic declined.
This is because the conductance of the BS-aid is very small
(= 1.0nA, see Fig. 4(b)). The supply voltage of the BS-aid
is only 50 mV, and its bandwidth turns out to be low. The
bandwidth of the BS-aid would be improved by increasing
V=V, but threshold voltage also becomes large, which is
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no use for a small signal in an RF application.

Figure 8 shows the power characteristics when input
amplitude (V},) is changed. The active powers are almost
the same when V;, is greater than 50 mV because of the sat-
uration. Note that this indicates a situation when the signal
is “Hi” (a case in which the signal is 40 mV s or more). If
there is no signal (signal “Lo”) in an active mode and V;,
is zero, the active power at the signal “Lo” is the same as
the short power mentioned in the previous subsection. Be-
cause the saving factor is larger at the signal “Lo,” we can
save more active power as the duty ratio of a signal becomes
smaller. When an input signal is changed from “Hi” to “Lo,”
it takes 10 us until the BS-aid settles at the bias point. In the
case of “Lo” to “Hi,” it takes 1 us. This means that the max-
imum data rate is limited to 100 kbps in this design.

3.3 Voltage Generator

Figure 9 shows the circuit diagram of the voltage generator
for the BS-aid that can generate V), and V;. Because V, =
(Vi=V1)/2, we can change V, programmatically with a com-
bination of S; (i =0, ..., n) by controlling the impedance be-
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Fig.11  DC characteristics at process corners. Data in parentheses indi-
cate the voltage gain of the main amplifier at each process corner.

tween V;, and V; nodes. In a wireless sensor network appli-
cation, the required carrier sensing level is different because
transmitting power and distance are varied. S; has to be
fixed according to specifications. By using a programmable
voltage generator, we can adjust the minimum input ampli-
tude. S; may be utilized for trimming the carrier sensing
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level. Other than this, a microcontroller can dynamically
change §;, on the basis of the condition of the communica-
tion channel.

Figure 10 shows the output characteristics of the volt-
age generator. V;,—V; can be changed from 16 mV to 193 mV
with eight nMOS switches. When the resistors in the volt-
age generator are varied, output voltage is changed as well,
but the resistors are also adjustable using the §; switches.

If a process corner of transistors is varied, the outputs
(V}, and V)) of the voltage generator are changed. However,
the bias voltage of the main amplifier should be properly set,
and the main amplifier should have a voltage gain. Fig. 11
shows the DC characteristic of the BSAMP at four process
corners (FF, SS, FS, and SF corners: e.g. FS means fast
nMOS and slow pMOS). Depending on the process corner,
bias voltage is varied, but the bistability is always sustained;
the main amplifier has a voltage gain in any case. This is
because the voltage generator and main amplifier have the
same circuit configuration to cope with process variability.

The power of this programmable voltage generator is
12.5uW even in an active mode owing to the low-power
characteristic of the BS-aid. In the standby mode, leakage
power can be suppressed to 0.5 nW with the standby signal
and S; signals.

4. Measurement Results

Figure 12 shows a chip photograph and a layout of the
BSAMP in a 0.15-um process technology. The area is about
82 x 24 um>. The extra BS-aid and Csp, (= 1.6 pF) has an
area overhead of 16%, compared with the conventional am-
plifier. We measured this circuit using probers, where V;, is
fed from a signal generator, and V,,, is observed. V;, V;, and
Viias are set to the values in Fig. 4.

Figure 13 shows the measured voltage gain characteris-
tics at an operating frequency of 433 MHz. In a very low V;,
region, the voltage gain is larger than the simulation gain.

Fig.12  Chip photograph and layout of BSAMP.
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This is the measurement limitation of the high-impedance
probe.

Figure 14 shows the measurement result of the fre-
quency characteristics. The voltage gain was 11dB at an
operating frequency of 433 MHz. Figure 15 shows the mea-
sured power characteristics of the BSAMP. Power can be
reduced when the input voltage is small. The BSAMP
achieved a 46% power reduction over the conventional am-
plifier when the input voltage is zero. We observed that the
measured power consumed more than the simulation in a
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Fig.13  Measurement result of voltage gain.
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Table1 Total power consumption.
Standby Active
Vol alls Vol A f
oltage — — oltage verage of
AMP gen. Sig. “Lo Sig. “Hi gen. active Total***
(0mV,rg) | (40mV,)
Conv.* | 178 nW - 547 yW 350 W - 449 W | 627 nW
Prop*| 39nwW| o5nw| 205.w 352uW | 1254w 336 uW | 376 nW
Saving 78%| NIA 46 % 05%| NA 25%| 40%

* Simulation
** Measurement data
*** Activation ratio = 10

high-V;, region; however, the whole power was suppressed
when V;, was less than 50 mV.

The power savings are summarized in Table 1. The
standby power is about 10~* of the active one. To calculate
total power, we assumed that the activation ratio is 1073 for
the wireless sensor network. We can achieve a total of 40%
saving when we utilize the proposed BSAMP.

5. Conclusion

In this paper, we proposed the bistability amplifier BSAMP.
The maximal voltage gain is 11 dB at an operating frequency
of 433MHz. The standby and active powers at the sig-
nal “Hi” are lower than the conventional inverter-type volt-
age amplifier by 78% and 46%, respectively. The operating
power is 376 n'W when the activation ratio is 1073. The pro-
posed BSAMP has a carrier sensing function without adding
other circuits since it inherently has a minimum input am-
plitude to be amplified. This function is important to avoid
collisions and interferences that cause needless communica-
tions.

Acknowledgments

This research work has been supported by the Strategic In-
formation and Communications R&D Promotion Program
(SCOPE). We would like to thank Mr. S. Baba and Mr. K.
Tani with Oki Electric Industry Co., Ltd. for providing the
process parameters and technology files.

References

[1] J. Rabaey, M. Ammer, J. Silva, Jr., D. Patel, and S. Roundy, “Pico-
Radio supports ad hoc ultra-low power wireless networking,” Com-
puter, vol.33, no.7, pp.42—48, July 2000.

[2] http://panasonic.co.jp/corp/news/official.data/data.dir/jn050519-1/jn
050519-1.html

[3] B. Otis, Y.H. Chee, and J. Rabaey, “A 400mW Rx, 1.6mW Tx
super-regenerative transceiver for wireless sensor networks,” Dig.
IEEE ISSCC, pp.396-397, Feb. 2005.

[4] Y.T.Lin, T. Wang, S.S. Lu, and G.W. Huang, “A 0.5V 3.1 mW fully
monolithic OOK receiver for wireless local area sensor network,”
Proc. IEEE ASSCC, pp.373-376, Nov. 2005.

[5] R. Drost, R.D. Hopkins, and I. Sutherland, “Proximity communica-
tion,” Proc. IEEE CICC, pp.469—472, Sept. 2003.

[6] K.Min, H. Kawaguchi, and T. Sakurai, “Zigzag super cut-off CMOS

IEICE TRANS. ELECTRON., VOL.E92-C, NO.6 JUNE 2009

(ZSCCMOS) block activation with self-adaptive voltage level con-
troller,” Dig. IEEE ISSCC, pp.400—401, Feb. 2003.

Takashi Takeuchi received his B.E. de-
gree in Electrical and Electronic Engineering
from Kanazawa University in 2005. He re-
ceived his M.E. degree in Computer Science and
Systems Engineering from Kobe University in
2007. He is currently enrolled in a Doctoral
course at Kobe University. His interests include
low-power analog circuit designs. He is a mem-
ber of IEEE.

Shinji Mikami received his B.E. degree in
Electrical and Information Engineering in 2002
and his MLE. degree in Electronic and Informa-
tion System in 2004 both from Kanazawa Uni-
versity, Ishikawa, Japan. He received his Ph.D.
degree in Engineering from the same university.
His research interests include low-power RF cir-
cuit designs, media access controls and routing
for sensor networks.

Hyeokjong Lee received his B.E. degree
in Electrical and Electronic Engineering from
Kanazawa University in 2007. He is currently
a Master’s student at Kobe University. His inter-
ests include low- power mixed-signal circuits.

Hiroshi Kawaguchi received his B.E. and
M.E. degrees in Electronic Engineering from
Chiba University, Chiba, Japan in 1991 and
1993, respectively. He received his Ph.D. de-
gree in Engineering from the University of To-
kyo, Tokyo, Japan, in 2006. He joined Konami
Corp., Kobe, Japan, in 1993, where he devel-
oped arcade entertainment systems. He moved
to the Institute of Industrial Science, The Uni-
versity of Tokyo, as a Technical Associate in
1996, and was appointed as a Research Asso-
ciate in 2003. In 2005, he moved to the Department of Computer and
Systems Engineering, Kobe University, Kobe, Japan, as a Research Asso-
ciate. Since 2007, he has been an Associate Professor at the Department of
Computer Science and Systems Engineering, Kobe University. He is also a
Collaborative Researcher with the Institute of Industrial Science, The Uni-
versity of Tokyo. His current research interests include low-power VLSI
design, hardware design for wireless sensor networks, and recognition pro-
cessors. Dr. Kawaguchi received the IEEE ISSCC 2004 Takuo Sugano Out-
standing Paper Award and IEEE Kansai Section 2006 Gold Award. He has
served as a Program Committee Member for IEEE Symposium on Low-
Power and High-Speed Chips (COOL Chips), and as a Guest Associate
Editor of IEICE Transactions on Fundamentals of Electronics, Communi-
cations and Computer Sciences. He is a member of IEEE and ACM.



TAKEUCHI et al.: A 433-MHz RAIL-TO-RAIL VOLTAGE AMPLIFIER WITH CARRIER SENSING FUNCTION FOR WIRELESS SENSOR NETWORKS
821

Chikara Ohta was born in Osaka, Japan on
July 25, 1967. He received his B.E., M.E. and
Ph.D. (Eng.) degrees in communication engi-
neering from Osaka University, Osaka, Japan in
1990, 1992 and 1995, respectively. From April
1995, he was with the Department of Com-
puter Science, Faculty of Engineering, Gunma
University, Gunma, Japan, as an Assistant Pro-
fessor. In October 1996, he joined the De-
partment of Information Science and Intelligent
Systems, Faculty of Engineering, University of
Tokushima, Tokushima, Japan, as a Lecturer, and there he was an Associate
Professor from March 2001 to October 2002. From November 2002 to
February 2003, he was an Associate Professor of the Department of Com-
puter and Systems Engineering, Faculty of Engineering, Kobe University,
Japan. From March 2003 to February 2004, he was a visiting scholar at the
University of Massachusetts, Amherst, USA. His current research interests
include the performance evaluation of communication networks. He is a
member of IEEE.

Masahiko Yoshimoto received his B.S. de-
gree in Electronic Engineering from the Nagoya
Institute of Technology, Nagoya, Japan, in 1975,
and his M.S. degree in Electronic Engineer-
ing from Nagoya University, Nagoya, Japan, in
1977. He received his Ph.D. degree in Electri-
cal Engineering from Nagoya University, Na-
goya, Japan in 1998. He joined the LSI Labo-
ratory, Mitsubishi Electric Power Products Inc.,
Itami, Japan, in April 1977. From 1978 to 1983,
he was engaged in the design of NMOS and
CMOS static RAM, including a 64K full CMOS RAM with the world’s
first divided-word-line structure. From 1984 to 2000, he was involved in
research and development of multimedia ULSI systems for digital broad-
casting and digital communication systems based on MPEG2 and MPEG4
Codec LSI core technology. From 2000 to 2004, he was a Professor of the
Dept. of Electrical and Electronic Systems Engineering at Kanazawa Uni-
versity, Japan. Since 2004, he has been a Professor of the Dept. of Com-
puter and Systems Engineering at Kobe University, Japan. His current ac-
tivities specifically emphasize research and development of multimedia and
ubiquitous media VLSI systems including an ultralow-power image com-
pression processor and a low-power wireless interface circuit. He holds 70
registered patents. He served on the Program Committee of the IEEE In-
ternational Solid State Circuit Conference from 1991 to 1993. In addition,
he served as a Guest Editor for special issues on Low-Power System LSI,
IP, and Related Technologies of IEICE Transactions in 2004. He received
R&D 100 awards from R&D Magazine in 1990 and 1996, respectively, for
development of the DISP and development of a real-time MPEG2 video
encoder chipset.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /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 true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


