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Subthreshold Dual Mode Logic

Asaf Kaizerman, Sagi Fisher, and Alexander Fish

Abstract— In this brief, we introduce a novel low-power dual mode
logic (DML) family, designed to operate in the subthreshold region. The
proposed logic family can be switched between static and dynamic modes
of operation according to system requirements. In static mode, the DML
gates feature very low-power dissipation with moderate performance,
while in dynamic mode they achieve higher performance, albeit
with increased power dissipation. This is achieved with a simple and
intuitive design concept. SPICE and Monte Carlo simulations compare
performance, power dissipation, and robustness of the proposed DML
gates to their CMOS and domino counterparts in the 80-nm process.
Measurements of an 80-nm test chip are presented in order to prove
the proposed concept.

Index Terms— Dual mode logic (DML), low power,
subthreshold.

I. INTRODUCTION

With advancements in technology and the expansion of
mobile applications, power consumption has become a primary
focus of attention in VLSI digital design [1]–[2]. Recently,
digital subthreshold circuit design has become a very
promising method for ultralow power applications [1], [3]. Circuits,
operating in the subthreshold region, utilize a supply voltage (VDD)
that is less than the threshold voltages of the transistors, which
allows significant reduction of both dynamic and static power.
However, an aggressive scaling of supply voltage also results in
performance degradation and a much higher sensitivity to process
variations and temperature fluctuations [4], [5].

The most common logic design family used for subthreshold
today is CMOS. Ultralow voltage operation, which offers low-to-
moderate performance with ultralow power dissipation, was examined
for the first time in 1972 [6] and was originally used for low-
throughput applications such as wrist watches, biomedical devices,
and sensors [7].

Dynamic logic, such as domino logic, has been used since the
1970’s for high-performance applications [8]. In the past, there have
been several attempts to use dynamic logic in subthreshold to improve
the speed [9]. However, these attempts did not gain momentum
because of high sensitivity to process variations in nanoscale tech-
nologies.

In this brief, we propose a novel logic family, dual
mode logic (DML), designed to operate in the subthreshold
region. The proposed logic can be operated in two modes:
static CMOS-like mode and dynamic np-CMOS-like mode
(which will be referred to as a dynamic mode). In the static mode,
the DML gates feature very low power dissipation with moderate
performance, while in the dynamic mode, they achieve much
higher performance, albeit with increased power dissipation. This
unique feature of the DML provides the option to control system
performance on-the-fly and thus support applications in which a
flexible workload is required.
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Fig. 1. Proposed basic DML gate. (a) Type A topology. (b) Type B topology.

DML shows high immunity to process variations, making it
possible to operate DML gates from a supply voltage as low as
300 mV. Simulations, performed on chains of basic NAND/NOR gates,
indicate that while operating in the dynamic mode, subthreshold DML
achieves an improvement in speed of up to 10× compared to a stan-
dard CMOS, while dissipating 1.5× more power. In the static mode,
a 5× reduction of power dissipation is achieved, compared to a basic
domino, at the expense of a magnitude decrement in performance.
Monte Carlo simulations of DML present a significant improvement
in robustness, as compared to domino logic.

The rest of this brief is constructed as follows. Section II presents
an overview of the basic DML logic gate and method of operation.
A comparison of DML speed, energy dissipation, and robustness
with CMOS and dynamic logic are shown in Section III through
simulations and test chip measurements. Section IV concludes this
brief.

II. DML STRUCTURE AND PRINCIPLE OF OPERATION

The basic DML gate architecture is composed of a standard CMOS
gate and an additional transistor M1, whose gate is connected to
a global clock signal, as shown in Fig. 1. At first glance, this
architecture is very similar to the noise tolerant precharge (NTP)
structure, introduced by Yamada et al. [10]. However, in contrast to
the NTP, which was developed as a high-speed, high-noise-tolerance
dynamic logic, the DML aims to allow operation in two functional
modes: static mode and dynamic mode.

To operate the gate in the dynamic mode, the Clk is assigned an
asymmetric clock, allowing two distinct phases: precharge and evalu-
ation. During the precharge phase, the output is charged to high/low,
depending on the topology of the DML gate. In the consequent evalu-
ation phase, the output is evaluated according to the values at the gate
inputs. The proposed DML topologies, marked Type A and Type B,
are illustrated in Fig. 1. Type A has an added p-MOS transistor that
precharges the output to a logical “1” during the precharge phase.
Type B has an added n-MOS that precharges the output to a
logical “0.” Dynamic logic gates are often implemented using a
footer, which requires an additional transistor. The footer is used
to decrease precharge time by eliminating the ripple effect of the
data advancing through the cascaded nodes and allowing faster
precharge.

Switching the DML gate to operate in CMOS-like
(i.e., static mode) operation is fairly intuitive: the global Clk
should be fixed high for Type A topology and constantly low for
Type B topology. As a result, the gate attains a similar topology to
CMOS, except for the extra parasitic capacitance, which is usually
negligible. Creating a DML node based on a CMOS gate is also
very simple: “gluing” an additional transistor for the precharge
phase, and, in the case of a footed gate, adding an additional n-MOS
transistor as a footer in Type A gates and a p-MOS transistor as a
header in Type B gates.
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In addition to the unique capability to switch between
different modes of operation, DML nodes which are operating
in dynamic mode have a number of salient advantages over
conventional dynamic nodes, which stem from the DML
topology. The DML inherently features an active keeper
constructed of the CMOS complementary logic. The active
keeper is derived from the structure of the node, in which the CMOS
part is still fully functional, and assists in maintaining the output
level. This is the key attribute to the immunity to process variations,
temperature fluctuations, and solving some of the domino’s well
known drawbacks such as charge sharing, crosstalk noise, and
susceptibility to glitches, which intensify with process and voltage
scaling.

The design methodology that should be used when
designing a DML gate is to place the precharge transistor in
parallel to the stacked transistors. Thus, the evaluation is performed
with the parallel transistors and, therefore, it is faster. The stacked
transistors will be sized to minimal widths to reduce intrinsic
capacitances, increasing dynamic operation performance over
reduced static operation performance. This sizing strategy also
results in reduced energy dissipation, as compared to conventional
static CMOS gates. The precharge transistor is also minimum sized
to decrease leakage currents during static operation and evaluation.

Note, all gates can be designed either as Type A or Type B,
ignoring the optimization guidelines mentioned above. The optimal
design methodology when designing with DML gates is to cascade
connect Type A and Type B gates, exactly like in np-CMOS gates.
Even though this design methodology will allow maximum perfor-
mance, minimize area, and maximize power efficiency, it is possible
to connect gates of the same type by using an inverter buffering
between them, in a similar way it is done in domino logic. Connecting
gates of the same type without inverters is also possible when a
footer/header is used at each stage, however, this structure will cause
glitching after precharge ends and until the evaluation data ripples
through the chain. These are standard problems when designing with
dynamic gates [11]. However in contrast to the standard dynamic
logic, DML’s inherent keeper helps recover the logical value.

III. COMPARATIVE PERFORMANCE ANALYSIS THROUGH

SIMULATIONS AND MEASUREMENTS

We compared DML gates to their CMOS and domino
counterparts by means of speed, power, and robustness.
All the test gates were examined and characterized in a standard
low-power 80-nm process, using the Cadence Virtuoso-based Spectre
simulator. Power supplies between 150 mV and 600 mV were tested
for energy estimation. Monte Carlo statistical simulations were
performed at 300 mV to compare the sensitivity of the simulated
gates to process variations and mismatch. The DML gates, tested in
the rest of this brief, are unfooted, except for Section III-C, where
the comparison of the footed DML gates to their footed dynamic
counterparts is presented. In cases of DML gates without footers,
the simulation results include the overhead of generating the ripple
precharge signals. In order to provide a fair comparison, the same
metric was used to design all gates (CMOS, domino, and DML).
All gates were designed to conduct the same Ion current during
evaluation. This current is equal to the Ion current flowing through
a single transistor of a CMOS inverter.

A. Speed

We setup a framework for evaluating frequency consisting of fan-
out three NAND and NOR gates. We compared standard CMOS gates,
unfooted DML gates, and domino gates both with and without a

Fig. 2. Simulated speed for CMOS, domino, and DML (static and dynamic)
FO-3 NAND-NOR chain and for DML FO-3 NAND-NAND chain.

keeper. The role of the keeper in receiving acceptable robustness
will be discussed in Section III-C.

A test chain was composed of 20 consecutive NAND and
NOR gates, in which the NOR gate was implemented in
A topology, and NAND was implemented in B topology,
laying a similar structure to an np-CMOS design. While this
np-CMOS-like chain demonstrated better results, we also show the
performance of consecutive DML gates of the same type. We tested
the minimal functional period T of the entire chain, in which T is
defined in (1), and the operation frequency of the entire chain is
f = 1/T

T = tHL + tLH

2
. (1)

After the precharge phase, the output of a dynamic NOR gate is
high, and when no switching occurs, it literally gives tplh = 0.
When switching does occur, the output capacitance CL is discharged
through the pull-down network. Usually, CL is the input capacitance
of the next node in the dynamic chain, so it is substantially
smaller than the input capacitance of the CMOS equivalent. The
switching period thus is decreased and becomes similar to the
CMOS-design current-sinking capabilities of the pull-down network.
This analysis seems somewhat unfair, since it does not take into
account the precharge phase. However, it is very often possible to
conceal the precharge during other system functions. Fig. 2 depicts
a comparison of the maximum gate frequency as a function of
VDD for CMOS, dynamic, and DML chains. First, as expected,
the highest frequency is achieved by unfooted dynamic logic.
However, dynamic logic is very sensitive to process variations
(discussed in Section III-C), which make it unusable for the
subthreshold regime. Second, the dynamic DML gates with
an average of an order of magnitude have higher-frequency
than CMOS. Third, the unfavorable case of consecutive gates
of the same type (in this case the chain was composed of
interleaved Type A and Type B NAND gates) shows speed
degradation of 17%, as compared to the DML chain of consecutive
NAND and NOR gates. Fourth, CMOS logic achieves frequency
which is lower than the dynamic DML. Fifth, and last, is the
static DML, which offers on average 55% of the achievable CMOS
frequency. This means that switching from static mode in DML to
dynamic mode offers a 14× frequency boost on average, with energy
consumption consequences that will be discussed in the following
section.

B. Energy Dissipation

A simulation of the same chain composed of 20 consecutive NAND-
NOR demonstrates an energy consumption analysis. We used the
test chain to estimate the total energy consumed during one switch.
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Fig. 3. NAND-NOR test chain energy consumption versus VDD for CMOS,
Domino, and DML (static and dynamic).

We used only footed dynamic gates, since, as previously noted, an
unfooted dynamic gate does not stand process variation. The results
of the analysis are shown in Fig. 3. VDD varies from 0.2 to 0.6 V,
and the minimum energy point (MEP) is marked with an “X.” The
DML static mode demonstrated a lowest energy consumption, on
average, 2.2× less than CMOS and 5× less than domino. As can be
observed, the MEP for DML gates is located in the subthreshold
region. Although it is not always possible, the optimal operation
voltage for ultralow power applications is VDD,MEP at MEP [12]. If
VDD is higher than VDD,MEP, dynamic energy is wasted, and if VDD
is below VDD,MEP, leakage energy is wasted, due to the prolonged
TCycle [13]. Herein lies an interesting DML feature: the circuit can
be tuned to operate at an MEP bound to a certain nominal frequency,
but, when required for higher throughput, a higher-frequency can be
easily achieved by changing the operation mode to dynamic with an
acceptable energy penalty. The opposite is also possible: the circuit
can operate at a high-frequency, but at standby the consumed energy
can drop down to 20% of the nominal consumption. As expected,
domino logic consumes the highest amount of energy, due to the
precharging, high leakage, and excessive transistors as keepers.

C. Robustness and Sensitivity to Process Variations

The subthreshold regime, while offering low power consumption,
suffers from process variation susceptibility and reduction of noise
margins. In the following sections, we present two metrics used to
quantitatively estimate the robustness of DML logic versus CMOS
and domino design.

1) Static Noise Margin (SNM): The metric to estimate an
employed logic gate failure is SNM for logic gates, as introduced
by Kwong and Chandrakasan [14]. This metric suggests a simple
analysis of the butterfly curve. Logic failure is defined as a butterfly
plot SNM analysis with no inscribed square, analogous to a 6T static
random-access memory (SRAM) cell displaying negative SNM. In
order to test DML we connected a NAND gate to a NOR gate back to
back, as it was applied in [15] for an SRAM cell. SNM is defined as
the largest inscribed square’s side in the smaller lobe of a butterfly
plot.

We have used this criterion only for the CMOS and the static DML,
since dynamic logic and dynamic DML cannot be tested correctly
using this analysis. Fig. 4 shows the DML and CMOS SNMs at
VDD = 300 mV. The Monte Carlo analysis for 1 k points, which
takes into account both local and global variations, was utilized.
The simulated SNM for CMOS is μCMOS = 77 mV, σCMOS =
7.7 mV, and the DML static SNM is μDML = 52 mV and σDML =
11.2 mV. The SNR of the SNM received for CMOS is a little bit
higher than the SNR of static DML, which implies higher robustness

(a)

(b)

Fig. 4. Monte Carlo SNM analysis, VDD = 300 mV. (a) CMOS SNM:
μCMOS = 77 m, σCMOS = 7.7 m. (b) DML SNM: μDML = 52 m,
σDML = 11.2 m.

(a) (b)

(c) (d)

Fig. 5. Monte Carlo LL analysis, VDD = 300 mV. (a) Domino LL:
μDOMINO−0 = 16.8 m, σDOMINO−0 = 61.3 m. (b) μDOMINO−1 = 89 m,
σDOMINO−1 = 118.4 m. DML LL. (c) μDML−0 = 22 m, σDML−0 = 14.2 m.
(d) μDML−1 = 299.8 m, σDML−1 = 206 m

of CMOS. However, it can be seen that static DML is still very robust.
Moreover, it should be noted that when DML was optimized for
improved robustness rather than improved speed, better SNM values
were received. In the following section, we will evaluate the dynamic
DML versus the domino robustness.

D. Logical Level (LL) Analysis

To evaluate the process variation susceptibility of the dynamic
DML and domino, we introduced LL analysis. We used LL analysis
as a framework to evaluate the tested dynamic logic’s ability to
handle leakage currents. According to the LL analysis, a gate is either
precharged to VDD or dis-precharged to 0 V, and after a predefined
period, the output voltages of the different gates are compared.
Dynamic gates suffer from charge leakage, which becomes more
severe in subthreshold due to long static periods. This analysis takes
into account all the parasitic leakages and approximates the robust-
ness of the dynamic gate to hold a logical 0 or a logical 1. The test
consisted of a single gate in a chain, precharged, and after a period
suitable for 10-MHz operation, the voltage was measured at the out-
put of the gate. We tested the DML unfooted gates versus the domino
gates with a keeper. We used a keeper since domino gates without
a keeper failed to operate. The LL analysis was performed using a
1-k-point Monte Carlo simulation with local and global interdie
variations, which simulate a sampling of logic gates across various
dies. Fig. 5 shows the LL histograms received at VDD = 300 mV.
The received results for logical “0” are μDOMINO−0 = 16.8 mV,
σDOMINO−0 = 61.3 mV and μDML−0 = 22 mV, and
σDML−0 = 14.2 mV. For logical “1”: μDOMINO−1 = 89 mV,
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(a) (b)

(c) (d)

Fig. 6. Monte Carlo delay analysis, VDD = 300 mV. (a) DML
dynamic mode with footer: μDML_w_footer = 16.22 ns, σDML = 9 ns.
(b) Domino: μDomino = 12.77 ns, σDomino = 13.81 ns. (c) DML static mode:
μDML_static = 31 ns, σDML = 17.2 ns. (d) CMOS: μCMOS = 18.8 ns,
σCMOS = 8 ns.

σDOMINO−1 = 118.4 mV and μDML−1 = 299.8 mV and σDML−1 =
206 μV. These results strongly indicate an improved robustness of
DML dynamic logic versus standard domino implementation. It can
be noted that a fairly large amount of the tested domino gates failed
to keep the LL “1,” due to the topology which consists of a stack
of n-MOS transistors struggling with a feeble p-MOS precharge
transistor at some of the simulated dies. We also examined the
lowest possible VDD for CMOS, domino, and DML under global
and local variations. The results were 285 mV for CMOS, 470 mV
for domino, and 300 mV for DML.

E. Delay Variation

Obviously, delay variation affects the performance, which thus
affects the yield. It is well known that circuits operating in the
subthreshold regime exhibit more magnified sensitivity to variations
than in the above-threshold. This is due to the exponential dependence
of Vth. The common assumption is that Vth is distributed normally,
hence, the subthreshold current is log-normally distributed. The delay
of a subthreshold logic gate can be modeled as

td = K CgVDD

I0 · e
(VGS−VT )

nϕt

(2)

where K is a fitting parameter and Cg is the extracted output
capacitance. The denominator is the active current, modeled
using I0 as a fitting parameter, which takes into account
the total current flowing through the n-MOS and p-MOS
transistors. Assuming nonvarying output capacitance, we
predict that the delay will also be log-normally distributed,
since it is linearly related to the on current. Indeed, the 1-k Monte
Carlo analysis of the average delay yields a log-normal distribution,
as depicted in Fig. 6. The received results are, from the fastest to
the slowest: domino with μDomino = 12.77 ns, DML dynamic mode
with μDML_w_footer = 16.22 ns, CMOS with μCMOS = 18.8 ns,
and DML static mode with μDML_static = 31 ns. The domino
offers the highest-frequency, but as previously discussed, it suffers
greatly from leakage, and consequently exhibits a very low yield.
In terms of yield, for example, if the target operation frequency is
10 MHz at 300 mV, Monte Carlo results mean almost 100% yield in
the case of the DML, and less than 40% in the domino. Thus, in prac-
tice, standard domino logic is unsuitable for the subthreshold regime.

F. Test Chip Measurements—Preliminary Proof-of-Concept

In order to provide a preliminary proof-of-concept of the proposed
family, we have fabricated two DML test structures as a part of

(b)(a)

Fig. 7. (a) Layout of test chip. (b) Test chip micrograph.

(a)

(b)

Fig. 8. Measurement results of NAND AB and INV AB and chain at
VDD = 400 mV. (a) Dynamic mode. (b) Static mode.

a test chip in a low-power 80-nm TSMC process. The fabricated
DML structures are 100 stage chains with the following architectures:
1) Type A gate followed by a Type B gate, denoted as AB, and
2) Type A gate followed by a CMOS inverter, denoted as AI.

Fig. 7 shows the layout and die photograph of the test chip, which
includes other projects as well. The DML devices under test are
marked in Fig. 7(a). The chip was covered by metal layers for
density reasons. Post-silicon testing was performed with 400 mV–
1.1 V supply voltages at 27 °C. All control signals and biases
were generated externally using a Pulse Instruments 4000 Series
Test System. Static and dynamic behaviors were measured using the
Agilent B1500a semiconductor device analyzer.

In Fig. 8, we can see positive evidence for the functionality of
the DML family. Fig. 8(a) shows the waveforms of two different
chains: 1) 100 NAND gates connected in AB configuration and
2) 100 DML inverters. The delay we received from both chains
is about 20 ns at 400 mV. The static mode operation, shown in
Fig. 8(b), was also verified. To activate the static mode, Clk was
connected to VDD. As expected, both chains behaved as CMOS
gates. The measured chain delay was approximately 200 ns, which is
about 10× higher than the dynamic operation. Comparison between
simulation and measurement results, which is not presented in this
brief due to length limitations, showed coherence between simulated
and measured results with an average and maximum differences of
13% and 25%, respectively.

IV. CONCLUSION

In this brief, we presented a novel family, DML, which was shown
for subthreshold operation. We showed that the DML dynamic mode
presented an average 10× speed improvement as compared to CMOS,
and improved robustness as compared to a standard dynamic logic.
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The DML static mode demonstrated the lowest energy dissipation:
2.2× less than CMOS on average, and 5× less than the domino. We
presented a basic proof-of-concept of the proposed DML logic by
measurements of an 80-nm test chip.

Future work will include the optimization of the DML gates for
operation with standard supply voltages, development of a standard
library and designing of a benchmark design using a standard ASIC
flow.
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Power Network Optimization Based on
Link Breaking Methodology

Renatas Jakushokas and Eby G. Friedman

Abstract— A link breaking methodology is introduced to reduce voltage
degradation within mesh structured power distribution networks. The
resulting power distribution network combines a single power distribution
network to lower the network impedance, and multiple networks to
reduce noise coupling among the circuits. Since the sensitivity to supply
voltage variations within a power distribution network can vary among
various circuits, the proposed methodology reduces the voltage drop at
the more sensitive circuits, while penalizes the less sensitive circuits. Each
circuit can behave as an aggressor as well as a victim. The methodology
utilizes two matrices describing the aggressiveness and sensitivity of a
circuit. The proposed methodology is evaluated for multiple case studies,
demonstrating a reduction in the voltage drop in the sensitive circuits.
Based on these case studies, the voltage is improved by 5% at those
nodes with the highest sensitivity. The voltage prior to application of the
link breaking methodology is 96% of the ideal power supply voltage.
Lowering the noise on the power network enhances the maximum
operating frequency by 16% by utilizing the proposed link breaking
methodology. The link breaking methodology has also been compared
with a multiple voltage domain methodology, achieving 7% improvement
in operating frequency.

Index Terms— Power delivery, power distribution networks, sensitivity
factor.

I. INTRODUCTION

The increasing density and performance of integrated circuits (ICs)
requires advancements in design methodologies for the global inter-
connects, particularly the on-chip power networks, clock networks,
and long distance on-chip signals. The on-chip power distribution
network typically provides many amperes to the load circuits while
utilizing up to 40% of the overall metal resources [1], [2]. With
advancements in technology, higher current is required; therefore,
efficient on-chip power distribution networks have become an essen-
tial element of modern IC design flows.

The power distribution network is conventionally designed to
achieve a target impedance over a wide range of frequencies [3].
This target impedance is based on the supply current, producing a
maximum voltage drop within an on-chip power network [4]. The
overall on-chip power distribution network is designed to satisfy a
worst case scenario at a specific location within the grid.

A change in voltage at the power node of a gate can significantly
increase the delay of a logic gate [5]–[7], degrading the overall
performance of a system [8]. Since different circuits are affected
differently by a drop in the power supply voltage, the power dis-
tribution network should be designed to satisfy multiple constraints.
The voltage level for those gates along the critical path can tolerate
the least voltage degradation, whereas the gates along a noncritical
path may satisfy speed constraints despite a higher voltage drop [9].
Sertain circuits, for example, such as a phase-locked loop (PLL) and

Manuscript received May 19, 2011; revised January 27, 2012; accepted
February 16, 2012. Date of publication July 24, 2012; date of current version
April 22, 2013. This work was supported in part by the National Science
Foundation, under Grant CCF-0811317 and Grant CCF-0829915, Grants from
the New York State Office of Science, Technology, and Academic Research to
the Center for Advanced Technology in Electronic Imaging Systems, Grants
from the Intel Corporation, and Grants from the Qualcomm Corporation.

The authors are with the Department of Electrical and Computer Engi-
neering, University of Rochester, Rochester, NY 14627 USA (e-mail:
jakushok@ece.rochester.edu; friedman@ece.rochester.edu).

Color versions of one or more of the figures in this paper are available
online at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TVLSI.2012.2201186

1063-8210/$31.00 © 2012 IEEE



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


