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Bl A CONFLUENCE OF application requirements
and physics leads us to types of chips to design.
A new generation of ultralow-power (ULP) chips
will build upon research over the past several de-
cades but these techniques, once considered
niche, will rise to the top of the agenda for many
organizations.

Microprocessors pay attention to power con-
sumption for two reasons: thermal design power
(TDP) and overall current drain. The microproces-
sor market is driven by high levels of functionality
and integration; power and thermal are nuisances.
In contrast, the motivation for ULP as a key opera-
tional characteristic comes from loT and related
applications. These types of systems are severely
limited by the amount of power available. They
must also meet very low cost points. IoT is driven
by very low costs to create a trillion-sensor market.
Since the market is very sensitive to total installed
cost, not just the cost of silicon, the cost of the
power supply and the cost of wiring become im-
portant factors in the design.

Low cost takes on a different spin in the mod-
ern era. Low cost was traditionally driven by vi-
sions of chip shrinks in subsequent generations. In
the classic Moore’s Law era, technology nodes re-
sulted in lower cost per transistor. However, many
experts and observers agree [5]-[7] that this trend
no longer continues. The 28-nm node is widely be-
lieved to represent the historically lowest cost per
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transistor. Cost per transistor can be described by a
simple formula

cost per transistor

= (cost per wafer)/number of transistors per wafer).

A multitude of physical phenomena have caused
the complexity of complementary metal-oxide—
semiconductor (CMOS) processes to increase over
the past several decades, resulting in higher wafer
processing costs. Below 28 nm, the cost of a proc-
essed wafer increases enough to offset the density
increases given by feature shrinks. I like to think of
this phenomenon as peak silicon, similar to predic-
tions of a period of maximum petroleum produc-
tion (peak oil) or maximum television production
(peak TV).

The long-standing motivation for all the fields
surrounding VLSI—computer architecture, circuit
design, computeraided design (CAD)—has been
to take advantage of evershrinking transistor costs
to create ever-more-complex chips. That drive is
encapsulated in the very name very large scale in-
tegration. Peak silicon changes that. While there
may be reasons to build very large chips for cer-
tain applications, we can no longer rely on de-
creasing cost per transistor to enable a mass
market for what was once an esoteric design. We
must instead focus on chips that make economic
sense for known, existing technologies.

ULP use cases

Internet of Things (IoT) is a marketing term
that has been applied to many different use
cases. Some of the initial applications are really
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Internet-of-Thing, not Internet-of-Things. Connecting
a device to the Internet and providing a smart-
phone app for control has its uses but is a relatively
straightforward application of embedded comput-
ing. And while some of these applications require
low-power devices, many add Internet connections
to wall-powered devices, making power consump-
tion less of an issue.

ULP comes to play in applications that combine
distributed sensing, computing, and perhaps actua-
tion. Adding more sensors and actuators to a large
physical system gives much finer grained control
over the plant. Putting sensors and actuators near
their physical devices reduces delay and improves
closed-loop characteristics. To achieve this fine
level of granularity requires removing the sensor
and actuator nodes away from the comfort of a
tethered, powered environment. For example, jet
engine manufacturers are moving from centralized
control using full-authority digital engine control-
lers (FADECs) to distributed control [19]. They do
so for many of the same reasons that earlier moti-
vated car manufacturers did to introduce digital
engine control: lower fuel consumption, lower
emissions, and lower maintenance costs. Given the
extremely harsh conditions inside a jet engine, dis-
tributed control is a powerful motivation for un-
tethered nodes that do not rely on either external
power or wired communication.

We can identify two major types of use cases
for loT systems: periodic and event driven.

Periodic sampling and actuation systems make
use of more traditional signal processing and con-
trol applications. Local computation can be used
to close fast loops. Cloud computation is used to
fuse data from multiple sensors. Fusing happens at
slower rates but provides mode control that is not
possible using only local information. Vehicles
make extensive use of periodic sampling and actu-
ation, although they also make use of the event-
driven model.

Event-driven systems detect and operate on dis-
crete changes. Local computation in this case is
used to detect and process events. Local processing
reduces power consumption for data processing as
well as communication. As with periodic systems,
cloud computation fuses data from multiple sensors
to provide global, long-term control of the system.
One example of an event-driven system is a smart
home analysis system we are developing for the

long-term care of people with special needs [18].
Sensors around the house capture a variety of infor-
mation on particular activities: walking through a
door, using a faucet, turning on a TV. Local process-
ing can be used over the short term, such as issuing
an alert if someone needs help. Algorithms running
in the cloud can process the sensor information to
create a longterm view of the activity of the resi-
dents that can be used to help caregivers optimize
the care of each of the residents.

What do these use cases tell us? A key metric
for ULP is system energy per sample: the total sys-
tem energy for a sample, including data acquisi-
tion, computation, and communication. This
metric depends on system architecture and is en-
abled by device characteristics. System architec-
ture partitions functionality across the network; a
poor system partitioning cannot be corrected by
clever node design. However, node designs must
be able to deliver the required mix of functionality
and operational characteristics.

One common characteristic of many IoT appli-
cations that is not so obvious from use case analy-
sis is the need for low cost of ownership. Many of
these systems will never be built if their cost is too
high. Cost considerations take into account not
just the components, but also installation and oper-
ation. Wireless, self-powered sensors and actuators
substantially reduce the cost of system installation.
Installing a wired connection in a U.S. building typ-
ically costs about $100 per drop. Eliminating power
and network wires allows nodes to be placed
much more cheaply.

Technology

A variety of technology factors play into the de-
sign of ULP devices. Wafer manufacturing is part of
the picture, but packing also plays an important
role. Which combination of technologies is the ulti-
mate winner for ULP devices will be determined in
large part by cost.

Two different device structures have been pro-
posed to reduce leakage in the microprocessor
space. FinFETs have been widely adopted for ad-
vanced nodes. The vertical structure of the finFET
helps the gate to better control the channel charge.
An alternative approach is FD-SOI, which uses a
planar structure but with a buried insulator. Manu-
facturers have not yet decided to update 28nm
processes for these new devices.
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Nonvolatile storage is a critical component
technology for ULP nodes. Devices that frequently
sleep need to be able to store state without burn-
ing power to do so. Flash is widely available on
many standard processes. New devices, such as re-
sistive RAM, may provide new capabilities and a
different set of tradeoffs to system architects.

The IoT device must include not just logic but
also analog plus MEMS devices for sensing and ac-
tuation, communication antennas, and power man-
agement. Interposers are one way to provide the
mix of technologies required and at a reasonable
cost. Interposers made of any of several substrates
can provide a cheap, small, and light way to com-
bine several chips from diverse technologies and
even multiple manufacturers. Interposer-based inte-
gration is often known as 2.5-D. In the short term, it
allows system houses to build cost-effective nodes.
In the long term, 2.5-D may be the best long-term
approach as well.

Circuits

ULP system designers must simultaneously
pursue two strategies: reducing the power con-
sumption of circuits, and gathering and manag-
ing power.

Nearthreshold logic and subthreshold logic are
well-established methods to reduce CMOS power
consumption. As logic levels move closer to the
transistor thresholds, errors start to increase. Errors
are introduced by larger delays caused by lower
operating points of the transistors; as the delays of
critical paths exceed the clock period, the logic
produces wrong answers. Kim et al. [4] gave an er-
ror model for subthreshold logic and showed that
misexercising these critical paths depends not only
on the current inputs to the logic but also the pre-
vious inputs. The prior inputs to the logic deter
mine the state of the nodes; a slow path creates
problems only if the new inputs require that node
to change.

Adiabatic logic has been studied for several
decades as an alternative to static CMOS for low-
power operation [1], [3]. Adiabatic logic is
inspired by the reversibility of physical phenome-
non, which leads to asymptotically low energy per
operation. The study of reversibility as a means to
minimize the energy required for computation
goes back to the earliest days of computer science
[13]. Adiabatic logic has several drawbacks,
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notably its high overhead. It requires complemen-
tary signals. Reversible computation also requires
more complex structures; Benioff, for example, de-
signed a reversible Turing machine that is consid-
erably more complex than the classical version
[17]. Reversibility adds significant area overhead.
Circuit considerations also mean that in some
cases traditional CMOS provides lower total energy
consumption than does adiabatic logic. However,
the relatively low data rates of many IloT applica-
tions makes a natural fit with adiabatic logic. And
adiabatic logic also provides reduced susceptance
to side channel attacks on cryptography, as demon-
strated by a University of Michigan team [3].

Paradiso and Starner surveyed the state of
energy scavenging a decade ago [8]. Since then,
energy scavenging has entered the mainstream in
both frivolous applications such as selflighting
shoes as well as serious applications such as medi-
cal electronics. Implementing energy harvesting
requires not only efficient transducers but also
power supplies that can convert harvested energy
into the voltage levels required for circuit opera-
tion [20].

Image sensors provide one interesting case of
energy scavenging. We can use the same image
sensor to scavenge energy from light and to cap-
ture images. While scavenging does not provide
enough energy to run at 30 frames/s, the sensor
can run on the order of 1 frame/s, which is fast en-
ough for many applications. For example, Hanson
and Sylvester [9] designed a 128 x 128 pixel sen-
sor that operates over power supply voltages of
0.45-0.7 V with energy consumption of 140 nJ per
frame at 8.5 frames/s. Tang et al. [10] describe an
energy-harvesting CMOS image sensor with an
energy-harvesting mode that can harvest 80 nA at
350 lux and 9.7 pA at 3500 lux and consumes
10 W at 10 frames/s; one frame can be processed
using 200 ms of energy harvesting.

Architectures

Node architectures are the interface between
IoT systems and VLSI. ULP device architectures
are, like systems-on-chips, heterogeneous. But the
mix of technologies used for ULP is decidedly dif-
ferent from the SoC case.

Analog/digital codesign is an intriguing ap-
proach for sensing and actuating nodes. The tradi-
tional limitations of analog computation are its
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lack of flexibility and its limited dynamic range.
Flexibility is not an issue when algorithms are well
defined. And limited dynamic range can be coun-
tered by tighter control loops. However, to make
best use of analog processing, we need to develop
improved techniques to codesign analog and digi-
tal components. Imaging is one area in which cer-
tain types of processing are well suited to analog
computation. Liu et al. [11] designed a CMOS im-
age sensor that performs motion tracking using 1-D
Gaussian filters to smooth the image to generate
row and column events. Dubois et al. [12] de-
signed a CMOS image sensor for high-speed gradi-
ent analysis using an analog multiplier; the analog
circuit output could be used to implement the
Sobel operator and Laplacian.

How much CPU does an ULP device need? A
back-to-the-future approach for onboard computa-
tion has some appeal, particularly for devices that
push signal processing onto analog units. Early mi-
croprocessors were very small: the 6502 required
3510 transistors, and the Z80 was built from 8500
transistors. These microprocessors did not provide
sophisticated memory management units, floating-
point computation, or other features to which sys-
tem designers have become accustomed. But keep
in mind that they were used to build what were at
the time state-of-the-art systems.

Nonvolatile state is critical for the operation of
ULP nodes. The device must be able to restart itself
with knowledge of its previous state. Both reading
and writing must have reasonable energy costs.
Depending on the characteristics of the device,
state may need to be copied from the nonvolatile
devices to traditional CMOS volatile storage.

Security must be baked into many systems and
IoT is a poster child for the need for modern
security-driven architectures. However, security
must be delivered at appropriate costs in both energy
and area. AES is widely used for encryption.
Hamalainen et al. [16] developed an AES imple-
mentation with low area and energy consumption.
SIMON is a block cypher algorithm designed by the
National Security Agency (NSA) for low-area, light-
weight applications. Aysu et al. [15] built a very
area-efficient implementation of SIMON. The adia-
batic encryption unit mentioned above also offers
intriguing results for power consumption.

Nodes must be able to communicate with
other nodes and with the clouds. Much of this

communication will be conducted indirectly to
minimize energy costs. A hub structure links ULP
nodes to hubs that provide more computational
and communication capabilities. Hubs can enable
communication between local nodes or to and
from the cloud. Bluetooth low energy (BLE) is a
very carefully engineered standard for low-power
communication. Its widespread adoption is a mea-
sure of the success with which it solves key prob-
lems in low-rate, low-power communication.

ULTrRALOW POWER VLSI systems are exploding
from niche applications to the mainstream thanks
to the popularity of the IoT as an application para-
digm. ULP devices represent a shift in focus from
highly integrated devices to rightsized devices.
Building a new generation of ULP devices will
require the development of some new design
technologies as well as the exploitation of many
mature techniques. ]

Acknowledgments
This work was supported by the National
Science Foundation under Grant 1513404.

Bl References

[1] W. C. Athas, L. J. Svensson, J. G. Koller,

N. Tzartzanis, and E. Ying-Chin Chou, “Low-power
digital systems based on adiabatic-switching
principles,” IEEE Trans. Very Large Scale Integr.
(VLSI) Syst., vol. 2, no. 4, pp. 398-407, Dec. 1994.

[2] Y. Moon and D.-K. Jeong, “An efficient charge
recovery logic circuit,” IEEE J. Solid-State Circuits,
vol. 31, no. 4, pp. 514-522, Apr. 1996.

[3] S. Lu, Z. Zhang, and M. Papaefthymiou, “1.32 GHz
high-throughput charge-recovery AES core with
resistance to DPA attacks,” in Proc. Symp. VLSI
Circuits, Kyoto, Japan, 2015, pp. C246-C247.

[4] S. H. Kim, S. Mukhopodhyay, and M. Wolf, “System-
level energy optimization for error-tolerant image
compression,” IEEE Embedded Syst. Lett., vol. 2,
no. 3, pp. 81-84, Sep. 2010.

[5] J. Hruska, “Nvidia deeply unhappy with TSMC, claims
20 nm essentially worthless,” ExtremeTech.com,
Mar. 23, 2012. [Online]. Available: http:/www.
extremetech.com/computing/123529-nvidia-deeply-
unhappy-with-tsmc-claims-22nm-essentially-worthless

IEEE Design & Test



[6] Z. Or-Bach, “28 nm: The last node of Moore’s Law,”
EE Times, Mar. 19, 2014. [Online]. Available: http://
www.eetimes.com/author.asp?doc_id = 1321536

[7] “Beyond Moore’s Law,” The Economist, May 26 2015.
[Online]. Available: http://www.economist.com/news/
science-and-technology/21652051-even-after-
moores-law-ends-chip-costs-could-still-halve-every-
few-years-beyond

[8] J. A. Paradiso and T. Starner, “Energy scavenging for
mobile and wireless electronics,” IEEE Perv.
Comput., vol. 4, no. 1, pp. 18-27, Jan.—Mar. 2005.

[9] S. Hanson and D. Sylvester, “A 0.45 um 0.7 V
sub-microwatt CMOS image sensor for ultra-low
power applications,” in Proc. IEEE Symp. VLSI
Circuits, Jun. 2009, pp. 176-177.

[10] F. Tang, Y. Cao, and A. Bermak, “An ultra-low power
current-mode CMOS image sensor with energy
harvesting capability,” in Proc. ESSCIRC, Sep. 2010,
pp. 126—-129.

[11] X. Liu, M. Zhang, and J. Van der Spiegel, “A low
power multi-mode CMOS image sensor with
integrated on-chip motion detection,” in Proc. IEEE
Int. Symp. Circuits Syst., May 2013, pp. 2416-2419.

[12] J. Dubois, D. Ginhac, and M. Paindavoine, “A
single-chip 10000 frames/s CMOS sensor with in-situ
2D programmable image processing,” in Proc. IEEE
Int. Workshop Comput. Architect. Mach. Percept.
Sens., 2006, pp. 124—-129.

[13] R. Landauer, “Irreversibility and heat generation in
the computing process,” IBM J. Res. Develop., vol. 5,
no. 3, pp. 183—-191, 1961.

[14] J. Zhang, S. lyer, X. Zheng, P. Schaumont, and
Y. Yang, “Hardware-software co-design for
heterogeneous multiprocessor sensor nodes,” in
Proc. IEEE Global Commun. Conf., Austin, TX, USA,
2014, pp. 20-25.

[15] A. Aysu, E. Gulcan, and P. Schaumont, “SIMON
says: Break area records of block ciphers on FPGAs,”
IEEE Embedded Syst. Lett., vol. 6, no. 2, pp. 37-40,
Jun. 2014.

July/August 2016

[16] P. Hamalainen, T. Alho, M. Hannikainen, and
T. D. Hamalainen, “Design and implementation of
low-area and low-power AES encryption hardware
core,” in Proc. 9th EUROMICRO Conf. Digital Syst.
Design, Dubrovnik, 2006, pp. 577-583.

[17] P. Benioff, “Quantum mechanical models of Turing
machines that dissipate no energy,” Phys. Rev. Lett.,
vol. 48, no. 23, pp. 1581-1585, Jun. 7, 1982.

[18] M. Wolf, M. van der Schaar, H. Kim, and J. Xu,
“Caring analytics for adults with special needs,” IEEE
Design Test, vol. 32, no. 5, pp. 35-44, Oct. 2015.

[19] M. Pakmehr et al., “Distributed architectures inte-
grated with high-temperature electronics for engine
monitoring and control,” in Proc. 47th AIAA/ASME/
SAE/ASEE Joint Propulsion Conf., San Diego, CA,
USA, Jul. 31—Aug. 3, 2011. [Online]. Available: http://
dx.doi.org/10.2514/6.2011-6148

[20] K. Z. Ahmed, M. Kar, and S. Mukhopadhyay, “(Invited
paper) energy delivery for self-powered loT devices,”
in Proc. 21st Asia South Pacific Design Autom. Conf.,
Macau, 2016, pp. 302-307.

Marilyn Wolf is Rhesa S. “Ray” Farmer Distin-
guished Chair in Embedded Computing Systems
and Georgia Research Alliance Eminent Scholar at
the Georgia Institute of Technology, Atlanta, GA,
USA. Her research interests include cyber—physical
systems, embedded computing, embedded video
and computer vision, and VLSI systems. Wolf has a
PhD in electrical engineering from Stanford Univer-
sity, Stanford, CA, USA (1984). She is a Fellow of
the IEEE and the Association for Computing Ma-
chinery (ACM) and an IEEE Computer Society
Golden Core member.

H Direct questions and comments about this article
to Marilyn Wolf, School of Electrical and Computer
Engineering, Georgia Institute of Technology, Atlanta,
GA 30332 USA; wolf@ece.gatech.edu.

113




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 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

  /CreateJDFFile 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


