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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
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(a) (b)

Fig. 1. Mesh structured power distribution network. (a) Single power
distribution network focused on reducing the network impedance. (b) Multiple
power distribution networks lower the noise at the expense of increasing the
network impedance.

voltage controlled oscillator, are highly sensitive to changes in the
power supply voltage [10], but digital logic circuits can tolerate much
higher variations in the power supply voltage.

Separate power networks can be designed to independently supply
current to different parts of a circuit, thereby shielding different parts
of an IC from each other. Separate power networks are widely used in
mixed-signal circuits, where the current is supplied to the analog and
digital circuits by different power networks [11]. For systems requir-
ing the same voltage, this approach may, however, inefficiently utilize
metal resources due to additional area and routing constraints [9].
Input/output (I/O) pads are also a limited resource, preventing the
use of an excessive number of separate power networks [12]. In
Fig. 1, a single and multiple separate power networks are illustrated.
With a single network, as shown in Fig. 1(a), the sensitive circuit
(e.g., a PLL) and aggressor circuit (exemplified by a large digital
logic circuit) share the same power network that lowers the network
impedance. A sensitive circuit can, however, be highly affected by
the noise generated from the aggressor circuit. With multiple power
networks, as shown in Fig. 1(b), one network can be dedicated to the
aggressor circuit while another network can be dedicated to the sen-
sitive circuits, minimizing noise coupling between the aggressor and
sensitive circuits. This approach, however, results in an increase in the
power network impedance and additional routability constraints. The
methodology proposed in this brief utilizes a single power network
to provide a low network impedance and reduced routability con-
straints while disconnecting (or breaking) links within the on-chip
power network between the aggressor and sensitive circuits, thereby
reducing the noise coupling to the sensitive circuits.

This brief is organized as follows. The link breaking methodology
is described in Section II. In this section, the optimization objective,
sensitivity factor, and a general purpose algorithm are introduced. In
Section III, several design cases are evaluated. The degradation in
the supply voltage and propagation delay before and after applying
the proposed link breaking methodology is summarized. Additional
topics related to evaluating and enhancing the link breaking method-
ology are discussed in Section IV. The conclusions are summarized
in Section V.

II. LINK BREAKING METHODOLOGY

A link breaking methodology for determining which links
should be removed, thereby shielding the sensitive circuits, is
described in this section. This section is composed of three
subsections. The sensitivity factor is introduced in Section
II-A. In Section II-B, the objective of improving the worst case
delay is described. A general purpose algorithm for the link breaking
methodology is presented in Section II-C.

Algorithm 1 Pseudocode for link breaking methodology.

A. Sensitivity Factor

The sensitivity factor describes the relative importance of a change
in voltage on the performance of a circuit. A method to describe the
sensitivity factor is to investigate the sensitivity of the supplied volt-
age on the performance (e.g., the propagation delay) of a particular
circuit. The sensitivity factor in this case is [13]

s = (
delay/delay(x))

(
V/V (x))

∣∣∣∣
x=Vdd

= 
delay


V
· Vdd

delaymin
(1)

where 
delay and delaymin are, respectively, the change in the delay
and the minimum delay of a circuit. The minimum delay is achieved
assuming a full Vdd at the power rail of the circuit. 
V is the
change in the supply voltage at the node supplied to the circuit. The
sensitivity factor is dependent on the type of circuit.

B. Worst Case Delay

Each circuit within a network can be characterized as both an
aggressor and a victim; therefore, each node of interest is associated
with a matrix composed of two parameters [i, s]. Parameter i is an
aggressor-related parameter, and is equal to the load current sunk by
the circuit. Parameter s is related to the victim parameter, expressing
the sensitivity of the circuit connected to the node. The objective is to
enhance overall performance, such as minimize the worst case delay

delayworst = max
(
delay1, delay2, . . . , delayk

)
(2)

where

delay j = delaymin − j

[
s j

Vdd

Vj + 1

]
. (3)


Vj is a change in the voltage at node j due to the load currents and
power network impedance. delaymin − j is the minimum propagation
delay of circuit j while applying the maximum supply voltage Vdd.
s j is the sensitivity factor of circuit j .

C. General Purpose Algorithm

Pseudocode of the link breaking algorithm for the proposed
methodology is provided in Algorithm 1, with the objective of
minimizing the worst case propagation delay. In line 1, the voltage
drop across the power network is determined. Based on the voltage
and sensitivity of the circuits, the initial value of the delay function
delayini is determined, as listed in line 2. Multiple power networks
x are generated, where each network is perturbed by removing a
random link. In lines 4 and 5, the voltage drop and delay are
determined for each of the perturbed networks. A search for a local
minimum is evaluated for each perturbed system in lines 6–9. The
network with the lowest delay is selected in line 10. The process is
repeated until the delay cannot be further reduced.

To approach the global minimum, a larger number of perturbed
systems x is required. For the evaluated cases, x is set equal to 10%
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Fig. 2. Map of voltage variations for uniform grid, link breaking, and multiple voltage domains methodologies for two cases. The diamond shapes represent
the location of the aggressor and victim circuit blocks. The size of the diamond represents the relative sensitivity factor of a particular block. The resulting
power network after application of the link breaking methodology is also illustrated. Case 1 represents the case where a single block sinks significantly higher
current than the other blocks. In Case 2, the sunk current, sensitivity factor, and delay are different for various blocks, representing a general design example.
Case 1: (a) uniform grid, (b) link breaking methodology, (c) power network after link breaking methodology, and (d) multiple voltage domains. Case 2:
(e) uniform grid, (f) link breaking methodology, (g) power network after link breaking methodology, and (h) multiple voltage domains.

of the nodes within the system. A lower runtime is also achieved by
evaluating those nodes directly connected to the victim or aggressor
circuits.

III. CASE STUDIES

Two study cases are presented in this section. The circuit is
composed of nine blocks in each example. The sensitivity factor and
critical delay of each block are assumed to be different. For the first
case, block number 2 is assumed to sink significantly greater current,
representing the case of a single dominant aggressor. In the second
case, the sunk current is varied among all of the blocks, representing
a general type of circuit. The design objective is to minimize the
worst case propagation delay, as expressed in (2).

A mesh structured power distribution network with 20 × 20
number of nodes is considered. Four 1 V power supplies are con-
nected at the center of the four edges (left, right, top, and bottom).
The maximum permitted degradation in supply voltage is 0.3 V.

The supply voltage map before and after application of the
link breaking methodology, as well as the resulting power net-
work, are illustrated in Fig. 2. The current sunk before and after
application of the methodology, sensitivity, propagation delay, and
improvement in the supply voltage and propagation delay are listed
in Table I.

In the first case [see Fig. 2(a) and (b)], the current sunk by the
aggressor is significantly higher than the other circuit blocks. The
highest degradation in supply voltage is within the aggressor circuit.
The supply voltage, however, is greater (the voltage drop is lower)
in those circuit blocks with a higher sensitivity and minimum delay,
resulting in a reduction in the worst case delay and an increase in
the maximum operating frequency. The increase in the supply voltage
at block 1 is 5%, achieving 97% of the ideal power supply voltage
and resulting in an improvement in the propagation delay of 18%.
Note that the improvement in the delay is greater than the supply
voltage because of the high sensitivity factor. After applying the
link breaking methodology, blocks 1, 4, and 6 exhibit a similar

worst case propagation delay, demonstrating the effectiveness of the
proposed methodology.

In the second case [see Fig. 2(e) and (f)], the current is different
among several blocks. After applying the link breaking methodology,
the supply voltage at block 1 is increased by 5% and the maximum
operating frequency is enhanced by 20%.

A multiple voltage domain methodology has been applied to both
case studies for comparison with the link breaking methodology.
In the multiple voltage domain methodology, the power distribution
network is divided into four separate networks. The voltage variation
map for multiple voltage domains is shown in Fig. 2(d) and (h).
Based on these case studies, the maximum voltage drop occurs at
blocks two and three, respectively, for the first and second case study.
A comparison of the link breaking methodology with the multiple
voltage domain methodology is also summarized in Table I. A 6%
and 8% improvement in delay for these case studies is achieved by
utilizing the link breaking methodology as compared with multiple
voltage domains.

IV. DISCUSSION

The voltage drop within a power distribution network is investi-
gated for circuit blocks with different current levels and sensitivities.
The minimum propagation delay, delaymin, is maintained. A 20× 20
mesh structured power distribution network with two power supplies
and two current sources (one aggressor and one victim) is considered.
The voltage improvement at the victim and degradation at the
aggressor are illustrated, respectively, in Fig. 3(a) and (b). Note that
by assigning a higher sensitivity to the victim circuit, the voltage
drop on the power network at the victim is reduced. Simultaneously,
the voltage drop at the aggressor is increased, but the aggressor is
less sensitive to voltage variations. The tradeoff between reducing
the voltage drop at the victim while increasing the voltage drop at
the aggressor is an important aspect of the proposed link breaking
methodology.

In the current version of the link breaking methodology, an
optimization step is performed to reduce the DC noise (or worst
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TABLE I
SENSITIVITY FACTOR, SUNK CURRENT, MINIMUM DELAY, SUPPLY VOLTAGE, AND PROPAGATION DELAY UTILIZING UNIFORM GRID, LINK

BREAKING, AND MULTIPLE VOLTAGE DOMAINS METHODOLOGY FOR THE NINE CIRCUIT BLOCKS. THE IMPROVEMENT OR DEGRADATION

UTILIZING THE LINK BREAKING METHODOLOGY IN THE SUPPLY VOLTAGE, PROPAGATION DELAY, AND MAXIMUM OPERATING FREQUENCY

ARE ALSO LISTED. CASE 1 REPRESENTS THE CASE WHERE A SINGLE BLOCK SINKS SIGNIFICANTLY HIGHER CURRENT AS COMPARED

WITH THE OTHER BLOCKS. IN CASE 2, THE SUNK CURRENT, SENSITIVITY FACTOR, AND DELAY ARE DIFFERENT FOR VARIOUS

BLOCKS, REPRESENTING A GENERAL DESIGN CASE

Block number 1 2 3 4 5 6 7 8 9 fmax = 1
delayworst

Sensitivity factor (s) 5 1 1 2 2 1.3 3 1.2 4 ——

Delay [ps] @ Vdd = 1V 670 300 650 710 200 690 300 300 300 ——

Case 1 [see Fig. 2(a), (b), and (d)]

Sunk current 1 10 1 1 1 1 1 1 1 ——

V
ol

ta
ge Uniform grid [mV] 924 850 924 936 920 933 943 940 942 ——

Link breaking [mV] 973 702 861 965 896 921 921 925 931 ——

Multiple voltage domains [mV] 955 784 843 967 908 946 953 964 938 ——

D
el

ay

Uniform grid [ps] 988 369 748 856 248 803 376 343 395 1.01 GHz

Link breaking [ps] 829 422 807 834 263 828 403 356 417 1.20 GHz

Multiple voltage domains [ps] 887 393 824 832 256 776 364 322 403 1.13 GHz

Impr. versus uniform grid [%] 16.0 −15.0 −7.8 2.6 −6.1 −3.2 −7.2 −3.7 −5.7 18.8

Impr. versus multiple voltage domains [%] 6.6 −7.5 2.0 −0.2 −2.9 −6.7 −10.9 −10.4 −3.4 6.2

Case 2 [see Fig. 2(e), (f), and (h)]

Sunk current 1 5 5 2 2 3 1.3 4 1.2 ——

V
ol

ta
ge Uniform grid [mV] 907 861 850 901 874 875 907 876 901 ——

Link breaking [mV] 958 825 781 928 838 864 852 716 890 ——

Multiple voltage domains [mV] 936 818 751 941 789 868 890 881 876 ——

D
el

ay

Uniform grid [ps] 1050 366 800 910 268 860 411 369 448 952 MHz

Link breaking [ps] 870 378 847 870 283 869 463 430 463 1.15 GHz

Multiple voltage domains [ps] 947 380 868 851 303 866 426 367 482 1.06 GHz

Impr. versus uniform grid [%] 17.1 −3.2 −5.8 4.5 −6.0 −1.1 −12.7 −16.5 −3.3 20.8

Impr. versus. multiple voltage domains [%] 8.1 0.6 2.4 −2.3 6.7 −0.3 −8.6 −17.1 3.9 8.5

(b)(a)

Fig. 3. Change in voltage drop for (a) victim and (b) aggressor circuits. The
darker shade represents a greater reduction in the voltage drop at the victim
and a small increase in the voltage drop at the aggressor.

case voltage drop) at the more sensitive nodes. The link breaking
methodology, however, can be revised to also reduce AC noise
within a power distribution network. This change increases the
computational complexity, since transient load currents also need
to be considered. The sensitivity of the circuits based on the AC
noise or the integral of the voltage drop is also required. To further
enhance this methodology, the power network can be modeled as
an inductive and resistive impedance to also consider simultaneous
switching noise.

The proposed algorithm, depicted in Algorithm 1, is a general
purpose algorithm not chosen with computational complexity in
mind. Computational complexity can be reduced by evaluating only
those nodes in the power distribution network directly connected to
the victim and aggressor circuits, or clustering victim and aggressor

Fig. 4. Decoupling capacitor is placed in close electrical proximity to the
sensitive node (shown as a black dot) and is kept electrically distant from
other nodes (all nodes to the left of the black dot). In this configuration,
the majority of the charge from the decoupling capacitor is devoted to the
sensitive node.

nodes into groups. In those cases, where the number of nodes is low,
the random walk approach [14] can be used, significantly reducing
the computational complexity since the matrix inversion step is no
longer needed.

In large scale networks, the computational complexity can be
reduced by hierarchical partitioning or applying multigrid tech-
niques [15]. In either case, the power network is smaller, optimized
locally, and later combined. Note that the link breaking methodology
can be applied at each stage, initially within a small portion of the
power network and at each higher hierarchical level, only breaking
the links at the intersection of the partitioned power network.

The link breaking methodology can also be applied at two separate
stages. Initially, at the floorplanning stage, based on current con-
sumption expectations and the impedance of the power distribution
network, the majority of the links may be broken to improve per-
formance. At the final stage of the design process, the link breaking
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methodology may again be applied to further refine the design of the
power distribution network.

Decoupling capacitor allocation can also be integrated into the link
breaking methodology, further improving power integrity. In Fig. 4, a
decoupling capacitor is placed electrically close to a sensitive circuit
and kept electrically distant from other circuits [16]. In this config-
uration, the majority of the charge from the decoupling capacitor
is dedicated to the sensitive circuits. Including decoupling capacitor
placement within this link breaking methodology or breaking the
links while considering the placement of the decoupling capacitors
can further optimize the overall power network.

V. CONCLUSION

The design of the power distribution network is an essential part
of an IC design flow. The network is typically designed as a single
network or multiple separate networks. The advantages of a single
network are reduced network impedance and fewer routability con-
straints, while multiple separate networks have the advantage of lower
noise coupling. The proposed link breaking methodology utilized a
single network, disconnecting the links between the aggressive and
sensitive circuits, thereby isolating the victim from the aggressor.
This approach reduced the noise, while maintaining a low network
impedance.

Sensitivity to changes in the supply voltage varies for different
circuits. A smaller voltage drop is more important in long critical
paths as compared with shorter, less critical logic paths. Voltage
variations at the more sensitive circuits need to be reduced at the
expense of increased voltage variations at the less sensitive circuits.

The proposed methodology is based on a mesh structured power
distribution network. The aggressiveness and sensitivity of a circuits
are considered during the link breaking process. The methodology is
evaluated for several cases with a different number and magnitude of
current and sensitivity factors. The objective for these cases is reduced
worst case propagation delay by increasing the supply voltage at
blocks with a high propagation delay. An average enhancement of 5%
in power supply voltage at nodes with high sensitivity and high prop-
agation delay is achieved, resulting in, on average, 96% of the ideal
power supply voltage at these nodes. As a result, an average improve-
ment of 16% in the maximum operating frequency is achieved when
utilizing the proposed link breaking methodology. The link breaking
methodology is also compared with a multiple voltage domain
methodology, achieving an average 7% improvement in operating
frequency.

REFERENCES

[1] D. Blaauw, R. Panda, and R. Chaudhry, “Design and analysis of power
distribution networks,” in Design of High-Performance Microprocessor
Circuits, A. Chandrakasan, W. Bowhill, and F. Fox, Eds. Piscataway,
NJ: IEEE Press, 2001, ch. 24, pp. 499–522.

[2] R. Jakushokas, M. Popovich, A. V. Mezhiba, S. Kose, and E. G. Fried-
man, Power Distribution Networks with On-Chip Decoupling Capaci-
tors, 2nd ed. New York: Springer-Verlag, 2011.

[3] H. B. Bakoglu, Circuits, Interconnects, and Packaging for VLSI. Read-
ing, MA: Addison-Wesley, 1990.

[4] L. D. Smith, R. Anderson, D. Forehand, T. Pelc, and T. Roy, “Power
distribution system design methodology and capacitor selection for
modern CMOS technology,” IEEE Trans. Adv. Packag., vol. 22, no. 3,
pp. 284–291, Aug. 1999.

[5] K. T. Tang and E. G. Friedman, “Incorporating voltage fluctuations of
the power distribution network into the transient analysis of CMOS logic
gates,” Analog Integr. Circuits Signal Process., vol. 31, no. 3, pp. 249–
259, Jun. 2002.

[6] C. Tirumurti, S. Kundu, S. Sur-Kolay, and Y.-S. Chang, “A modeling
approach for addressing power supply switching noise related failures
of integrated circuits,” in Proc. IEEE Design, Autom. Test Eur. Conf.
Exhibit., vol. 2. Feb. 2004, pp. 1078–1083.

[7] L. H. Chen, M. Marek-Sadowska, and F. Brewer, “Buffer delay
change in the presence of power and ground noise,” IEEE Trans.
Very Large Scale Integr. (VLSI) Syst., vol. 11, no. 3, pp. 461–473,
Jun. 2003.

[8] M. Saint-Laurent and M. Swaminathan, “Impact of power-supply
noise on timing in high-frequency microprocessors,” IEEE Trans. Adv.
Packag., vol. 27, no. 1, pp. 135–144, Feb. 2004.

[9] V. Kursun and E. G. Friedman, Multi-Voltage CMOS Circuit Design.
New York: Wiley, 2006.

[10] X. Lai and J. Roychowdhury, “Fast, accurate prediction of PLL jitter
induced by power grid noise,” in Proc. IEEE Custom Integr. Circuits
Conf., Oct. 2004, pp. 121–124.

[11] P. Larsson, “Measurements and analysis of PLL jitter caused by digital
switching noise,” IEEE J. Solid-State Circuits, vol. 36, no. 7, pp. 1113–
1119, Jul. 2001.

[12] L. A. Arledge and W. T. Lynch, “Scaling and performance implications
for power supply and other signal routing constraints imposed by I/O
pad limitations,” in Proc. IEEE Symp. IC/Package Design Integr., Feb.
1998, pp. 45–50.

[13] M. Alioto and G. Palumbo, “Impact of supply voltage variations on full
adder delay: Analysis and comparison,” IEEE Trans. Very Large Scale
Integr. (VLSI) Syst., vol. 14, no. 12, pp. 1322–1335, Dec. 2006.

[14] P. G. Doyle and J. L. Snell, Random Walks and Electric Networks.
Washington, DC: MAA, 1984.

[15] J. N. Kozhaya, S. R. Nassif, and F. N. Najm, “Multigrid-like technique
for power grid analysis,” in Proc. IEEE/ACM Int. Conf. Comput.-Aided
Design, Nov. 2001, pp. 480–487.

[16] M. Popovich, M. Sotman, A. Kolodny, and E. G. Friedman, “Effective
radii of on-chip decoupling capacitors,” IEEE Trans. Very Large Scale
Integr. (VLSI) Syst., vol. 16, no. 7, pp. 894–907, Jul. 2008.



<<
  /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


