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Abstract  —  A custom UWB transceiver chipset is presented 

that communicates in three 550MHz-wide channels in the 3.1 to 
5GHz band by using pulse position modulation (PPM).  The 
transmitter uses an all-digital architecture and calibration 
technique to synthesize pulses with programmable width and 
center frequency.  No analog bias currents or RF oscillators are 
required in the transmitter.  The receiver performs channel-
selection filtering, energy detection, and bit-slicing.  The receiver 
circuits operate at 0.65V and 0.5V, and can turn on in 2ns for 
duty-cycled operation.  The two chips are fabricated in a 90nm 
CMOS process, and achieve a combined 2.5nJ/bit at a data rate 
of 16.7Mb/s. 

Index Terms  —  CMOS integrated circuits, ultra-wideband 
radio, UWB, pulse position modulation. 

I. INTRODUCTION 

Pulsed ultra-wideband (UWB) communication is an active 
field of research that has roots that can be traced back to the 
original Marconi spark gap radio.  This field has gained 
momentum since a change in FCC regulations in 2002 that 
allows unlicensed communication using UWB.  UWB 
signaling has many attributes that make it attractive for a wide 
range of applications; from ultra-low-power RFID tags and 
wireless sensors to streaming wireless multimedia and 
wireless USB at greater than 1Gb/s [1]. 

The amount of available bandwidth in the UWB band far 
exceeds the bandwidth required for low data rate transceivers.  
UWB radios are uniquely positioned to exploit the available 
bandwidth by trading off spectral precision and efficiency for 
other system specifications such as energy/bit and power 
consumption.  This paper presents a custom pulsed-UWB 
chipset fabricated in a 90nm CMOS process.  The chipset 
includes features to reduce power consumption such as an all-
digital transmitter architecture, low-voltage RF and analog 
circuits in the receiver, and no RF local oscillators allowing 
the chipset to power on in 2ns for duty-cycled operation.  The 
architecture and design of the custom chipset is described in 
Section II and III.  The synchronization algorithm is described 
in Section IV.  Measured results from the individual chips and 
the wireless system are presented in Section V. 

II. ULTRA-LOW-POWER UWB ARCHITECTURES 

Recent advances in semiconductor process scaling have 
enabled ultra-low power system-on-chip UWB transceivers 
requiring minimal off-chip components.  This high level of 
integration has reduced UWB transceivers’ performance 
sensitivity to parasitic capacitances and inductances of 
bondwires and pads [2][3].  The UWB chipset presented in 
this paper forms a robust UWB system with nearly all RF 
circuit blocks integrated on-chip other than a crystal oscillator, 
antenna, TX/RX switch, and transmit band-select filter. 

 
The architecture of the transceiver chipset presented in this 

paper is shown in Fig. 1 [4][5].  Binary pulse-position 
modulation (PPM) is used to encode the transmitted data.  The 
PPM signal is transmitted in one of three channels in the 3.1 
to 5GHz band, as shown in Fig. 2.  Three channels are used to 
avoid potential in-band interferers and to add frequency 
diversity for multiple users.  The receiver is a non-coherent 
energy detector that compares the received energy of two 
adjacent timeslots.  The transmitter generates short pulses by 
combining edges from a digital delay line and amplifies the 
pulse with an all-digital power amplifier.  The following sub-
sections outline two high level ideas that were used to achieve 

Fig. 1. Custom chipset transceiver architecture. 
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Fig. 2. Three-channel frequency plan and narrowband interferers.
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low-power operation: non-coherent communication and low-
Q highly integrated circuits. 

A. Non-coherent Communication 

For short ranges, non-coherent communication allows for 
energy and complexity savings over coherent communication.  
Non-coherent solutions suffer from loss in SNR, but for short-
range links where transmitted output power does not dominate 
the power budget, the energy savings associated with non-
coherent communication can overcome this loss.  Non-
coherent communication does not require precise phase 
control, which allows both the transmitter and receiver 
architecture to be simplified, particularly the high frequency 
circuits that can consume the majority of power in a wireless 
transceiver.  A non-coherent energy-detection scheme can 
further reduce hardware complexity while providing resilience 
to multi-path fading without the cost of high frequency Rake-
based techniques [6]. 

 
Fig. 3 presents energy-per-bit values for recently published 

coherent and non-coherent receivers.  The figure shows a 10x 
energy/bit advantage of non-coherent over coherent receivers.  
The reduction in energy typically comes at the expense of 
system performance.  The IEEE 802.15.4a standard [7] has 
recognized the advantages offered by non-coherent 
communication and includes support for it. 

B. Low-Q Circuits 

The RF circuit blocks in the receiver often require a 
significant amount of gain.  For low-power realization of such 
gain, tuned circuits can be designed such that their bandwidth 
and center frequency matches the wireless signal.  Single-
stage amplifiers at a fixed current have a constant gain-
bandwidth product, and by minimizing the bandwidth, gain 
can be maximized.  For narrowband signals, this requires a 
very high quality factor resonant tank, which cannot be easily 
realized without costly off-chip resonators.  Typical on-chip 
quality factors in the GHz frequency range are limited below 
30, which results in a minimum circuit bandwidth of over a 
hundred MHz.  Since UWB signals occupy many hundreds of 
MHz of bandwidth, low-Q circuits can be designed to match 
this bandwidth and center frequency.  The receiver presented 

in this paper uses this bandwidth matching approach to 
minimize power while achieving 40dB of gain. 

Even though tuned circuits allow for optimal energy 
efficiency, untuned circuits can be used without a significant 
increase in power consumption while allowing for 
significantly reduced area. While tuned circuits are typically 
limited to an octave of tuning range, untuned circuits can 
achieve much wider ranges.  In recent years, many digital 
UWB transmitters have been presented that utilize untuned 
ring oscillators and power amplifiers to generate pulses [8].  
In fact, when noise is not the limiting constraint, untuned 
circuits may offer superior energy efficiency to integrated 
tuned circuits [9]. 

III. TRANSCEIVER CIRCUIT DESIGN 

A. Transmitter 

Mostly-digital pulsed-UWB transmitters are driving down 
energy/bit using deep-submicron CMOS processes 
[1][10][11].  A block diagram of this transmitter is shown in 
Fig. 4 [4]. The transmitter uses an all-digital architecture, and 
no analog bias current or RF local oscillators are required.  
Power is therefore only consumed in subthreshold leakage 
currents and switching events.  This transmitter architecture is 
made practical by the use of a non-coherent receiver, and by 
the wide available bandwidth.  These attributes allow the 
frequency tolerances of the transmitter to be relaxed, enabling 
the digital architecture.   

 
The transmitter is clocked by an external FPGA at the PRF 

input.  Each edge of the PRF input propagates through a 32-
stage delay line with an 8-bit digitally controlled delay.  UWB 
pulses are generated by combining the equally-delayed edges 
to form a single RF pulse.  The edge combination is similar in 
operation to a frequency multiplier, where the output of the 
combiner is toggled when an edge is received on any of its 
inputs.  The center frequency of the pulse spectrum is varied 
by controlling the delay between edges.  The width of the 
pulse is varied by making the number of edges combined 
programmable.  By making both the delay and number of 
edges programmable, the pulse spectrum may be controlled 
with 6000ppm accuracy without requiring an RF local 
oscillator. 

Twenty-five edges are required to synthesize UWB pulses 
in the highest channel, therefore a 32-stage delay line is used, 
from which 30 edges are available for combination.  

PRF Clock 

Edge Combiner 

32 

Digital Calibration 

Gain 

Digital RF 
Pad Driver 

Fig. 4. Transmitter block diagram. 

Fig. 3. Non-coherent vs. coherent energy-per-bit values for UWB 
and narrowband receivers recently published at ISSCC. 
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Individual edges are selected by ANDing them with a mask 
register.  The 30 edges are combined using two time-
interleaved 15-edge combiners, the outputs of which are 
XORed to complete the pulse synthesis.  The pulse is buffered 
by a digital pad driver, and the output is filtered by an off-chip 
UWB band-select filter that directly drives a 50Ω antenna.  A 
schematic of the output buffer is shown in Fig. 5.  Stacked 
NMOS devices are used in the buffer to reduce subthreshold 
leakage current.  The pull-down network is divided to 
implement a linear-in-dB adjustable transmit power.  A 
standby mode is implemented in the buffer to reduce leakage 
during the interval between packets.  The transmitter was 
fabricated in a 90nm CMOS process, and a die photo is shown 
in Fig. 6 [4]. 

 

B. Receiver 

The chipset communicates using a binary PPM signaling 
scheme (Fig. 7), where a 2ns wide UWB pulse can arrive in 
one of two time slots during synchronized reception: Tint1, or 
Tint2.  If the pulse arrives in Tint1 or Tint2 then a one or a zero is 
declared by the receiver, respectively.  Though the UWB 
pulse is only 2ns wide, Tint is set to 30ns such that the worst-
case multipath channel and crystal frequency offsets can be 
tolerated.  The data rate is scaled by changing the time period 
between PPM symbols, Tframe.  To maximize energy 
efficiency, the receiver is designed so that it can disable all 
bias currents during the time between symbols, thereby 
exploiting the duty-cycling inherent in pulsed-UWB 
signaling.  Therefore, the amount of energy required to 
demodulate one bit does not change over a wide range of data 
rates.  The maximum data rate of this architecture is 16.7Mbps 
when Tframe=60ns.  

Fig. 8 shows a simplified block diagram of the non-coherent 
receiver. It is comprised of a 3-5GHz subbanded RF front-
end, a passive self-mixer, and a low power mixed-signal 
baseband [5].  No RF PLL or oscillator is required.  Only a 
33MHz crystal is needed to operate the mixed-signal 
baseband.  Channel selection is performed in the RF front-end 
for out-of-band noise/interference robustness. The RF and 
mixed-signal baseband operate at 0.65V and 0.5V 
respectively, for low power operation.  Most of the receiver 
power is consumed in the RF gain stages.  Energy is 
conserved at lower data rates by switching the receiver on 
only during the time that pulses are present.   

 
The non-coherent receiver uses a mixed-signal relative-

compare baseband to determine the bit.  For bit-slicing, a low-
power sample-and-hold capacitor network stores analog 
integration results during Tint1 and Tint2 onto separate 
capacitors C1 and C2, respectively. Thereafter, two cascaded 
offset-compensated preamplifiers and a latch perform a 
relative-compare on the two capacitor voltages to evaluate the 
received bit.  This scheme inherently performs dc-offset 
compensation and pre-integrator signal-path normalization in 
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Fig. 8. Block diagram of the receiver. 

Fig. 6. Transmitter die photo. 

Fig. 9. Receiver die photo.
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each bit decision.  The receiver is implemented in a 90nm 
CMOS process, and a die photo is shown in Fig. 9.  

C. Wireless Nodes 

The transmitter and receiver UWB chips were tested using 
custom PCBs that mount on commercially available FPGA 
boards.  Photographs of the transmitter and receiver nodes are 
shown in Fig. 10.  Commercial omnidirectional UWB 
antennas were used for all wireless experiments. 

 
The FPGAs are used to implement the lower frequency 

digital functions while also providing USB communication 
with a PC.  For the transmitter, the FPGA is used for digital 
configuration, calibration, and to implement PPM modulation.  
The transmitter FPGA uses instructions issued over the USB 
bus to configure internal registers in the transmitter IC.  These 
registers control the pulse center frequency, number of edges 
combined, transmit power level, and power-down states.  The 
receiver FPGA implements the synchronization and 
demodulation algorithms and is capable of accepting 
configuration instructions over the USB bus, such as 
correlator threshold levels.  

IV. SYNCHRONIZATION 

The receiver uses a preamble in each packet for acquisition 
and to synchronize the receiver and transmitter clocks before 
demodulation.  When the receiver is synchronized and the 
PPM time reference known, the receiver compares the RF 
energy measured in intervals Tint1 and Tint2 (Fig. 7) to make a 
single bit decision.  However, prior to synchronization the 
PPM time reference is unknown; therefore, the receiver 
compares the RF energy in consecutive 30ns time intervals 
until synchronization is declared.  This results in a bit decision 
being made after every single integration time, or at twice the 
data rate.  After synchronization is declared only one 
comparison is made in each PPM frame. 

A block diagram of the synchronizer and demodulator 
implemented in the receiver FPGA is shown in Fig. 11.  The 
data from the receiver arrives at twice the data rate from the 
consecutive comparisons.  The data is parallelized into two 
16.7Mb/s data streams, and sent to two identical correlator 
banks.  A 16 bit code is used to identify each transmitter for 
acquisition.  The beginning of the transmitted code is 
unknown by the receiver, therefore 16 correlators are used 
that correlate the received data with shifted versions of the 16 

bit code.  The 16 correlators and shifted codes account for all 
possible time differences between the transmitter and receiver.  
The incoming data is correlated with each bit of the code, and 
the results are accumulated over 16 cycles.  After 16 cycles, 
each accumulator is reset and the correlations repeat.  If any 
of the accumulator values exceed a programmable threshold, 
packet detection is declared and the receiver is synchronized.   

 
The structure of each packet is shown in Fig. 12.  The 

synchronization code is repeated 4 times to increase the 
probability of detecting a packet.  After synchronization is 
achieved, the receiver searches for an inverted 16 bit code that 
indicates the start of the payload data.  After the inverted code 
is received, the receiver will begin filling the receiver FIFO 
with the header and payload data.  If no inverted code is 
received after a short period of time, a false acquisition is 
declared and the receiver returns to synchronization mode. 

 

V. EXPERIMENTAL RESULTS 

A. Transmitter 

The transmitter uses DB-BPSK [12] to scramble the 
transmitted spectrum.  DB-BPSK is implemented in hardware 
by selectively delaying the pulse by half of an RF cycle.  The 
two phases of the measured DB-BPSK pulses are shown in 
Fig. 13 when the pulse spectrum is centered in channel 2.  The 
two pulses are superimposed for comparison.  These pulses 
appear to be inversions of each other, however by focusing on 
the beginning of the pulses, it is apparent that they are actually 
delayed by half of the RF cycle period. 
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The measured RF spectra for the three channels are 
superimposed in Fig. 14 along with the FCC mask.  The most 
difficult specification of the FCC mask to meet was the deep 
notch between 960MHz and 1.6GHz due to a sub-harmonic of 
the pulse center frequency introduced by the interleaved edge 
combiners.  The sub-harmonic of the lowest channel lies at 
1.7GHz, and spectral content is produced there with a -10dB 
bandwidth of 550MHz.  The off-chip band-select filter 
sufficiently attenuates the sub-harmonic to meet the mask. 

 
The transmitter uses an all-digital architecture, therefore no 

analog bias currents are required and power is consumed only 
in subthreshold leakage current and switching events.  The 
standby power consumption due to subthreshold leakage 
current is 96μW.  The power consumption while generating 
pulses at a data rate of 16.7Mb/s is 718μW, corresponding to 
an energy/bit of 43pJ/bit.   

B. Receiver 

The receiver front-end provides 40dB of gain and high-
order roll-off for channel selectivity in each of the 3 bands, as 
shown in Fig. 15.  A noise figure of 8.5-9.5dB is achieved, 
and better than -10dB S11 is achieved for all three bands.  The 
worst-case measured input P1dB is -45dBm.   

At 100kb/s, the receiver achieves -99dBm sensitivity at a 
BER of 10-3.  Due to the fast turn-on and turn-off time, the 
receiver achieves 2.5nJ/bit across three orders of magnitude in 
data rate.   

C. Wireless Demonstration 

A streaming video application is realized to demonstrate a 
unidirectional wireless link using the custom chipset.  
Streaming video is emulated by sending a sequence of images 
from one PC to another over the UWB link and displaying 
them in real time as they are received.  The images are 
120x160 pixel bitmaps with 12bit RGB color depth 
(28.8kByte images).  The data for each image is divided into 
288 packets of 800 bit payloads each.  A detailed packet 
structure is shown in Fig. 12.  The header contains an index 
indicating the appropriate location of the packet data in the 
overall image.  This allows the receiver PC to reassemble each 
image from the series of packets even if received out of order, 
and allows the system to gracefully recover from a dropped 
packet.  The index value in the header is repeated three times 
for redundancy and error correction purposes.   

Before transmission, the packets are downloaded to the 
transmitter node over the USB bus.  When enough packets are 
queued in the transmitter FPGA FIFO, the transmitter begins 
sending the packets to the receiver over the UWB link.  A 
picture of the wireless demonstration setup is shown in Fig. 
16 with the transmitter node and PC in the foreground, and 
receiver node and PC in the background.  The link distance 
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for this demonstration was 3m.  The transmitter node is 
powered completely from the USB bus, therefore a laptop is 
used for maximum portability of the transmitter.   

The PC on the receiver side continuously polls the receiver 
FPGA FIFO for received packets.  Once a packet is received, 
it is sent over the USB bus to a PC.  On the PC, the header is 
stripped and the index of the packet data into the image is 
read, correcting errors that may have occurred in the header 
only.  The payload data is then inserted into the image buffer 
at the specified index location and the image is displayed on 
the screen.  No error correction or coding is used on the image 
data so that errors are visible in the image, providing a visual 
indication of the quality of the wireless link. 

VI. FUTURE DIRECTIONS 

There are several opportunities to extend upon the UWB 
chipset and system presented in this paper.  The IEEE 
802.15.4a UWB low data rate standard [7] supports a non-
coherent physical layer, and the transceiver architecture 
presented could be made standards compliant with some 
modifications.  One such modification is the transmitter must 
support pulse bursting, where multiple UWB pulses are 
transmitted immediately after one another. 

Synchronizing reliably at low SNRs using short preambles 
continues to be a challenge in non-coherent systems, and 
limits the overall energy efficiency of such systems.  
Increasing the resolution of the receiver ADC allows for a 
reduction in synchronization time.  We are developing new 
synchronization codes that reduce preamble lengths by 2-3 
times over traditional m-sequence codes.  We are also 
investigating algorithms that reduce average lengths by 
another factor of 2-3 times by opportunistically observing the 
preamble. 

A highly integrated UWB chipset is desired for commercial 
viability.  The component count can be reduced by 
implementing a single chip transceiver with an integrated 
transmit/receive switch.  Transmitter pulse shaping removes 
the need for an off-chip filter.  Finally, all bias currents must 
be integrated and the architecture must include built-in self 
test algorithms and circuits resilient to power supply noise. 

VII. CONCLUSIONS 

Though commercial development of UWB radio has 
primarily focused on high-speed WPAN access, this work 
demonstrates that UWB is a viable candidate for low power 
and low data rate radio design, useful for energy-constrained 
applications.   The all-digital transmitter achieves 43pJ/bit of 
energy consumption, and the duty-cycled receiver achieves 

2.5nJ/bit in energy consumption over three orders of 
magnitude in data rate while exhibiting -99dBm of sensitivity 
at 100kbps for a 10-3 BER.  Wireless unidirectional 
communication using the chipset was demonstrated with a 
streaming video application, and a complete 16.7Mb/s 
wireless link with a timing acquisition algorithm was 
established between two PCs. 

ACKNOWLEDGEMENTS 

This work was partially supported by the National Science 
Foundation under Grant ANI-0335256. The authors 
acknowledge the support of C2S2, the Focus Center for 
Circuit & System Solutions, one of five research centers 
funded under the Focus Center Research Program, a 
Semiconductor Research Corporation program. Chip 
fabrication was provided by STMicroelectronics. 

REFERENCES 

 
[1] S. Iida, et al., “A 3.1 to 5 GHz CMOS DSSS UWB Transceiver 

for WPANs,” ISSCC. Dig. Tech. Papers, 2005, pp. 214-594. 
[2] G. R. Aiello, “Challenges for Ultra-wideband (UWB) CMOS 

Integration,” IEEE RFIC Symposium, pp. 8-10, June 2003. 
[3] A. Ismail and A. Aibidi, “A 3-10GHz LNA with wideband LC 

ladder matching network,” ISSCC. Dig. Tech. Papers, pp. 384-
385, Feb. 2004. 

[4] D.D. Wentzloff, A.P. Chandrakasan, “A 47pJ/pulse 3.1-to-
5GHz All-Digital UWB Transmitter in 90nm CMOS,” ISSCC. 
Dig. Tech. Papers, February 2007, pp. 118-119. 

[5] F.S. Lee, A.P. Chandrakasan, “A 2.5nJ/b 0.65V 3-to-5GHz 
Subbanded UWB Receiver in 90nm CMOS,” ISSCC. Dig. 
Tech. Papers, February 2007, pp. 116-117. 

[6] L. Stoica, A. Rabbachin, H. Repo, S. Tiuraniemi, and I. 
Oppermann, “An ultrawideband system architecture for tag 
based wireless sensor networks,” IEEE Trans. Veh. Technol., 
vol. 54, pp. 1632-1645, Sep. 2005. 

[7] IEEE 802.15.4 WPAN Low Data Rate Alternative PHY Layer:  
http://www.ieee802.org/15/pub/TG4a.html. 

[8] H. Kim, D. Park, and Y. Joo, “All-digital low-power CMOS 
pulse generator for UWB system,” Electronics Letters, pp. 
1534-1535, Nov. 2004. 

[9] D.C. Daly, A.P. Chandrakasan, “An Energy Efficient OOK 
Transceiver for Wireless Sensor Networks,” IEEE J. Solid-State 
Circuits, vol. 42, no. 5, pp. 1003-1011, May 2007. 

[10] J. Ryckaert, et al., “A 0.65-to-1.4nJ/burst 3-to-10GHz UWB 
Digital TX in 90nm CMOS for IEEE 802.15.4a,” ISSCC. Dig. 
Tech. Papers, 2007. 

[11] L. Smaini, et al., “Single-Chip CMOS Pulse Generator for 
UWB Systems,” IEEE J. of Solid-State Circuits, Vol 41, 2006, 
pp. 1551-1561. 

[12] D.D. Wentzloff, A.P. Chandrakasan, “Delay-Based BPSK for 
Pulsed-UWB Communication,” IEEE International Conference 
on Speech, Acoustics, and Signal Processing, 2007. 

 



<<
  /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


