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ABSTRACT

Increasing source voltage (Source-Biasing) is an efficient
technique for reducing gate and sub-threshold leakage of SRAM
arrays. However, due to process variation, a higher source voltage
can significantly increase data flipping in standby mode (Hold
Failures) resulting in faulty memories. This imposes serious
concerns in reducing standby power with source-bias. In this
paper, we analyze the effect of source bias on hold failures under
both inter-die and intra-die variations. We propose a self-
calibrating SRAM for aggressively reducing leakage while
maintaining the hold failures under control.

Categories and Subject Descriptors
B.3.1 [Semiconductor memories]: Static memory (SRAM)

General Terms
Algorithms, Design, Experimentation

Keywords
Adaptive source biasing, hold failures, low power SRAM

1. INTRODUCTION

Aggressive scaling of CMOS devices in each technology
generation has resulted in higher integration density and
performance. As the integration density of transistors increases,
leakage power becomes a concern in low-end mobile system-on-
chips (SoC’s) where the low standby power is crucial. Since
today’s processors and SoC’s are mainly dominated by memory
arrays, increased power of memory arrays adversely affects the
power consumption and overall yield.

In nanometer scaled memory cells, most of the power is
dissipated as leakage [1]. Many techniques, e.g., source biasing,
body biasing, supply voltage scaling, have been proposed in past
to suppress the leakage power in SRAM designs [2, 3, 4]. Among
them, source-biasing technique is promising. Fig. 1(a) shows a
typical source-biasing scheme for SRAM’s. When a particular
row is accessed, the source line (Vg) is biased to zero which
increases the drive current and achieves fast read/write operation.
When the row is not accessed, Vg is raised, which substantially
reduces the both the sub-threshold and gate leakage during the
inactive periods [4].
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Although increasing the source-bias voltage (Vgg) of source-
line in SRAM array reduces the leakage power but the probability
of retaining the data at the standby mode decreases (Hold failure).
The principal reason of hold-failure in SRAM cell is the intra-die
variation in threshold voltage (due to random fluctuation of
dopant atoms) which causes mismatch in the strengths of different
transistors in an SRAM cell [5-7]. Moreover, die-to-die variation
in process parameters (say, V,) has a strong impact on memory
leakage. A memory with very low V. transistors can have
unacceptable amount of leakage. Since source biasing can be
effectively used to reduce leakage, it is important to determine an
upper bound of Vgg which can also preserve the correct data.

We have investigated the effects of source-bias on memory
failure under variation to reduce leakage while maintaining its
robustness. The contributions are summarized as follows:

e We study the effect of source biasing on both standby power
and hold-failures of SRAM arrays.

e We propose an Adaptive Source-Biasing (ASB) scheme to
minimize the leakage while controlling the hold failures.

e Finally, we suggest an on-chip self-calibration scheme for
adaptive source-biasing of SRAM array.

The proposed self-calibrating SRAM with ASB scheme is

simulated in predictive 70nm technology [8]. Simulation results

shows that, adaptive source-biasing can result in 7-25% reduction

in number of chips failing to meet leakage bound from zero

source biased SRAM. Simultaneously, with ASB number chips

failing in hold mode reduced by 7-85% from SRAM with fixed

(optimum at nominal V, corner) source biasing.

The paper is organized as follows. In Section 2, we discuss
different sources of variations. In Section 3 and 4, we present the
effect of source biasing on standby power and hold failures under
inter- and intra-die process variations. In Section 5, we present an
ASB condition for reliable SRAM operation in standby mode. We
also propose a new on-chip self-calibration scheme to design low-
power SRAM. Finally, we conclude the paper in Section 6.
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Fig. 1 (a) Structure of the source-biasing SRAM, (b) Dominant
leakage components in a 6T SRAM cell
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Fig. 2 (a) Standby power vs. source bias for variable GSize;
and, (b) performance penalty and power saving vs. width of
sleep transistor

2. SOURCES OF PROCESS VARIATION
Variations in transistor parameters e.g., channel length (L), width
(W), oxide thickness (T,y), etc. result in die-to-die and within-die
variation in threshold voltage of a device. In this work, we
considered both inter-die (AVty.,) and intra-die (AVtyy.)
variation in threshold voltage. AVt has been modeled as a
Gaussian distribution. Ideally, all transistors in a single chip
should have same threshold voltages. However, random
placement of dopant atoms in the channel, called random dopant
fluctuation (RDF) [4] can give rise to threshold voltage mismatch
between the transistors on a single chip. The impacts of RDF are
most pronounced in minimum-geometry transistors commonly
used in area-constrained circuits such as SRAM cells [7]. This can
result in the threshold voltage mismatch (AVty,) between the
neighboring transistors in a cell, resulting in parametric failures
[14]. To estimate parametric failures, we have modeled AVt;,,, of
the transistors in SRAM cell as six independent Gaussian random
variables. Predictive 70nm devices [8] were used for circuit
simulations in Hspice.

3. STANDBY POWER REDUCTION USING

SOURCE BIAS

The leakage of an SRAM cell is due to sub-threshold, gate and
junction tunneling leakage as shown in Fig. 1(b) [7]. In standby
mode, leakage of an SRAM cell can be reduced by raising the
voltage of the “source-line” to a positive value (Vgg). This
increases the node storing “0” from 0V to Vgp resulting in a
negative V,, (and negative Vy,) operation of access transistor
AXL, thereby, reducing its sub-threshold leakage. NMOS
transistor NR has a lower Vg4 and a negative Vs which also
reduces its sub-threshold leakage. Leakage of PMOS transistor PL
is reduced due to lower V4. Moreover, raising the source bias
reduces the rail-to-rail bias across the cell, thereby reducing its
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Fig. 4 Distribution of the data retention voltage (Vppmin) for
different source-bias voltage

gate leakage. Therefore, substantial leakage savings can be
obtained by controlling the source line voltage (source of NL and
NR) [4].

3.1 Leakage variation due to process fluctuations
The random inter- and intra-die variation in threshold voltage
results in significant variation in cell leakage, particularly, the
sub-threshold leakage. Since, sub-threshold leakage depends
exponentially on V,, the leakage distributions of different SRAM
cell can be considered as independent log-normal variables [7,
14]. Although the intra-die process variation increases the leakage
spread (standard deviation/mean) of a single SRAM cell, the
overall spread of the memory array leakage (which is summation
of a leakage of a large number of cells) is low [14]. Hence, the
leakage distribution due to intra-die variation of an SRAM array
can be well-characterized by its mean value only. Therefore in
this work, we have considered only the mean value of array
leakage due to intra-die variation. However, inter-die variation in
V; results in a large spread in the mean leakage of an array. This
can cause some of the SRAM dies to have a very high leakage
(more than tolerable limit). These dies, violating the power budget
should be discarded resulting in a yield loss due to leakage. Based
on the above discussion we define “leakage yield” as:

#of dies with L, (: 2l (ﬂceu)) <Ly
total # of dies M

Leakage Yield =

3.2 Optimization of Source Bias under

performance constraint
Source-biasing can significantly reduce leakage of an SRAM
array. However, it increases the other components of standby
power e.g., leakage power of sleep transistor and transition energy
dissipated while switching between sleep mode and normal mode.
The total standby power of a source-biased SRAM cell is given
by
P

total

+P

sleep

+P

switching

B @

where P, is the leakage power of a single cell (mainly sub-
threshold), Py, is the leakage power of the sleep transistor (Fig.



1) and P, 4usiion 18 the transition power due to activity in sleep
transistor. Assuming the device leakage is dominated by the sub-
threshold leakage, we obtain:

B (Vs ) ~ P (O)exp(—q ng/ka)
Psleep (VSB) ~ Vg % VVsleepIO eXp(—qﬂD (VDD Ve )/ka) 3)
I?Switching (I/SB ) ~ af |:(VVsleep +2 * VVnmm ) Cdrailz + CINT:| V.Si?

where, Ij is the current of an Ium NMOS at V=0, V4=Vpp
and V=0, ‘m’ is the sub-threshold swing factor, Ap is the DIBL
coefficient, Cypjy i the drain capacitance of an NMOS, Cyr is the
interconnect capacitance connected to “source-line”, a is the
transition activity (~1%) and f'is the frequency of operation. If the
total number of cells in SRAM array is N, then the total standby
power (Pguuapy) 18 given by NeeyPiyq. From equation (3), it is
evident that increasing Vgg reduces the array leakage
exponentially, but increases the sleep transistor leakage and
transition energy. Similarly, a higher sleep transistor width tends
to reduce leakage saving due to higher transition energy and
larger sleep transistor leakage. Hence, for a certain Wy, there
exists an optimum value of Vgg which minimizes the overall
standby power (Pgquapy). Fig. 2(a) shows the total standby power
of a 2KB memory array with source biasing for different sizes of
sleep transistor in nominal process corner. From this figure, it can
be noted that (a) total standby power reduces rapidly with Vgg due
to reduction in memory leakage but at high Vgp’s, the power
increases due to high transition energy consumption; and, (b) the
leakage and transition energy of sleep transistor increases with
GSize (FWieep/ Wamos) at high Vgg corners. Therefore, for each
GSize we get a corresponding value of Vgg where maximum
power saving can be attained (Fig. 2(a)).

It is evident from equation (3) that a small sleep transistor

improves leakage saving. However, it also increases the access
time during normal read operation. Therefore, a trade-off is
required to select reasonable size of sleep transistor to minimize
power under a performance constraint. In Fig. 2(b), we plot the
saving in standby power and performance penalty with GSize. It
can be observed that 90% standby power can be saved at the cost
of 25% performance penalty (at nominal process corner) when
GSize is 1. The corresponding optimum value of Vgp (called
Vsp(opt)) is found to be 0.63V.
Fig. 3 shows the standby power for a 2KB memory array
estimated using equation (2) with inter-die variation for zero and
optimum source-biases (i.e., Vgsg(opt)). It indicates that source
biasing plays an effective role in reducing the standby power at
low V, corners. However at extreme high V,, the impact of source
biasing reduces because the leakage is already small and the
leakage saving is masked by the transition energy overhead
associated with the switching of sleep transistor.

4. IMPACT OF SOURCE BIAS ON HOLD
FAILURE

In this section, we will study how the source bias affects the
hold failure probability of the memory under process variation.

4.1 Hold failure

A lower rail-to-rail bias (Vppy) at the standby mode in a source-
bias SRAM reduces the node storing “1” from the applied Vppy
(in other words, node storing “0” is higher than Vgg). This is due
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Fig. 5 (a) Hold failure probability with inter-die variation

under different source-biasing; (b) source biasing voltage for a
target hold failure probability under inter-die variation

to the leakage of the NMOS transistor. If the voltage at node
storing “1” becomes less than the trip-point of the inverter
associated with node storing “0”, the cell flips in the hold mode.
The principal reason for hold failure in SRAM cell is the intra-die
variation in threshold voltage due to random fluctuation of dopant
atoms [6, 7]. The intra-die process variation results in fluctuations
in the minimum Vpp at which the data can be retained (i.c.
Vibmin)- The hold failure probability (Pyr) due to this spread in
Vpbpmin for a source-bias cell is given by:

Bur =PV ppyin > (VD Vg )) “4)
A column is said to be faulty in hold mode, if any of the cell in
that column fails due to data retention violation. If the number of
faulty column is larger than the number of redundant column, the
array fails. Using the method proposed in [7] we can estimate
hold failure probability for an SRAM array (Pyr(memory)). The
hold failure in standby mode can degrade the memory yield [7].
However, the variation in inter-die V; can increase hold failures.

4.2 Effect of source bias on Pyp

Fig. 4 shows the distribution of Vpp,;, with inter-die process
variation for two Vgg’s. A higher Vg requires a higher Vppy,, to
hold the data (i.e. Vppm, distribution shifts towards a higher
value). Fig. 5(a) shows the hold-failure probability of a 2KB
memory array at different inter-die corner and Vgp (calculated
using Vppmin distributions at different Vgg and AVt and (4)). It
shows that a negative shift in the threshold voltage due to inter-
die variation, (i.e. for the SRAM arrays shifted to the low-V,
process corners) increases the hold failure. This is because of the
fact that negative V, shift increases the leakage through the
transistor N;, thereby, increasing the hold failures. The hold
failure also increases at the high V, corners, as the trip-point of
the inverter PR-NR increases with positive V, shift. Hence, the
overall memory failure due to hold violation increases both at low
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Fig. 6 Hold-failure probability and standby power with source biasing voltages at (a) AVtjpter=-180mV (b) AVt (;=-140mV

and high-V, corners. However, the hold failure probability of the
array remains minimum at the nominal V| corner.

It is interesting to note that as the Vg increases, the hold failure
probability increases for a high inter-die V, corner. This is due to
the fact that a higher Vgp increases the voltage at the node storing
“0” and therefore, weakens the node storing “1” (weaker PMOS).
This is further enhanced by the higher trip-point (due to higher V,
of the devices) of the inverter associated with the node storing ‘0’.
Hence it can be more easily flipped. At low V, corners, a higher
leakage of the NMOS increases hold failures. A higher Vgp tends
to reduce the leakage current. However, it also reduces the rail-to-
rail supply (which has a stronger impact compared to leakage),
thereby increasing the hold failures. Hence, the for a target hold
failure probability, Vsg cannot be increased too much at both high
and low inter-die Vit corners (Fig. 5b). However, a higher Vg can
be safely used for the chips at nominal corner.

5. ADAPTIVE SOURCE BIASING FOR
RELIABLE SRAM

From the results of Section 4, it can be concluded that a fixed Vgg
may not be used across all the chips to meet a target hold-failure
probability. In general, Vgg must be increased to reduce the
standby power as much as possible. However, the maximum Vgg
at an inter-die corner is ultimately limited by the hold failures. For
example, consider a 2KB memory array chip lying at AVt = -
180mV (Fig. 6 (a)). As it can be observed from this plot, a
maximum of 100mV source biasing can be applied without
causing hold failures. However, the standby power cannot be
reduced to meet the target standby power bound (assumed 10
times larger than standby power at nominal corner) with this
amount of Vgg. Therefore these chips will contribute towards
yield loss due to excessive standby power. However, for the chip
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at AVt = -140mV (Fig. 6 (b)), the Vg can be increased till
550mV safely. The standby power also meets the target bound
under this Vgg.

5.1 Self-calibration procedure

From the examples discussed above, it is obvious that the source
voltage can be adaptively tuned at each process corner to reduce
the standby power while maintaining the target number of hold
failures. The target number of hold failures, in turn, depends on
the number of available redundant columns for repairing purposes
(assuming that only column redundancy is present in the system).
Given NRC number of redundant columns, Vgg can be increased
till all the redundant columns have been exhausted for repairing
the faulty columns (due to hold failures). Fig. 7 shows the block
diagram of a self-calibration system for adaptive source biasing.
In an initial calibration cycle, it determines the value of source
bias and subsequently uses this value during standby mode of the
memory. The self-calibration system consists of a Built-in Self-
Test (BIST) circuit to perform read and write operations on the
memory array. The source bias is generated by converting a
digital counter value to an analog voltage. The counter value is
incremented by the BIST controller. The BIST maintains a
register bank of size 1xXNC (where NC is the number of columns
in the memory array) to store the faulty column information. Each
register corresponds to an entire column. The register bit is set to
‘1’ if a fault is detected in any row of that column. Another
counter (inside the BIST) keeps track of the total number of
registers with value ‘1’. The counter value indicates the number
of faulty columns in the array. The counter value greater than
NRC for a particular Vgp, indicate that all redundant columns
have been used. Therefore, the present Vgg can be considered as
adaptive source bias value, Vgg(adaptive). The operation of BIST
for adaptive calibration of source bias is more clearly understood
from Fig. 8. A simple MATS [13] algorithm is used to determine
the hold failures at different Vgg’s. Note that, performing March
test and switching between active and standby mode to determine
the hold failures may take long test time during initial calibration.
To reduce the calibration time, we propose to divide the entire
SRAM array into several sub-blocks and determine the
Vggp(adaptive) of each sub-blocks in parallel.

In our simulation to determine the adaptive source biasing voltage
for a 2KB memory array, we pick a chip from an inter-die corner
and find the total number of failing cells (N§) at a source bias

Ny = lezsgz/cezl %)
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where N, is the total number of cells present in the memory
array and Py is the hold failure probability of single cell. Since,
these failures have equal probability of happening at any memory
location, we randomly distribute the faulty cells in the memory
array. Next the total number of failing columns are also
determined and compared against NRC. If the number of faulty
columns is less than NRC, we increase the source bias and
perform the test again. We continue this process until the number
of faulty columns exceeds NRC. Note that we also consider
failures in the redundant columns in our simulations. Fig. 9(a)
shows the source bias voltage (called Vgg(adaptive)) found at
different inter-die corner (between -200mV < Vgg < 200mV) by
following this methodology. We assumed 5% redundancy in our
simulations. It can be observed from this plot that the range of
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Vggp(adaptive) is 0.40~0.60V. For the nominal corner, (i.e., AVt
= 0mV), Vgg(adaptive) is 0.60V. This figure clearly illustrates the
need of adapting Vsg according to the process corner.

To understand the effectiveness of the proposed Adaptive Source
Biasing (ASB) scheme, we estimated the hold failure probability
of the SRAM array (considering redundancy, as explained above)
at different inter-die corner. In the absence of the ASB scheme,
we could apply Vsg(opt) (which is determined at nominal corner
considering standby power and performance) to all the SRAM
dies. However, it can be observed from Fig. 9(b), application of
Vsp(opt) will increase the number of dies failing in hold-mode
(the window of low hold failure is narrow). This is due to the fact
that, at low and high inter-die V, corners, ‘hold’ failures are more
probable [14]. On the other hand, if an ASB scheme is used, the
proposed system modifies the applied source bias based on the
inter-die process shift. This reduces the number of hold-failures at
low and high-V, inter-die corners (Fig. 5b). Hence, adaptive
source biasing widens the low memory failure (hold) probability
window, which helps improve SRAM yield under variation

5.2 Statistical simulation results

It is observed in Fig. 9(b) that adaptive source biasing can reduce
the number of SRAM dies failing in hold mode. To fully evaluate
the effectiveness of the proposed technique we performed a
statistical simulation using predictive 70nm devices, considering
both inter-die and intra-die process (V) variation. First we
generated 5000 inter-die V. points following a Normal
distribution. Next we estimated the proper source bias required at
each inter-die corners. The application of adaptive source biasing
results in a distribution of the source bias applied to different dies
as shown in Fig. 10 (a). It should be noted that, during a statistical
simulation, there can exist a finite number of dies with a
particular inter-die V, shift. For all the dies, the proper source bias
can be different. This is because, the hold failures in an array not
only depends on ‘number of faulty cells’ but also on ‘location of
the faulty cells’. For example, if an array has 2 redundant
columns and 3 faulty cells, it is possible that all the faults happen
in the same column. Under this condition the array is repairable
and don’t count towards yield loss due to hold failures. However,
if the 3 faults appear in 3 different columns we will get an SRAM
die failing in hold mode. This example shows that, there is a
possibility that, for several dies at a particular inter-die V, shift,
the proper source bias is different. It is shown in Fig. 10(a) that,
for a same inter-die corner we might get two different proper
source bias values. However, this effect is expected to be very
small as a new fault has a higher probability of being in a
different column. Hence, we observed that this effect does not
strongly impact source bias distribution.
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Finally, we estimated the leakage (mean) of the SRAM dies at
different inter-die V, corners (Fig. 10(b)). It can be observed that,
both Vgg(opt) and adaptive source bias shifts the leakage
distribution towards lower values (i.e. towards left in Fig. 10(b)).
This suggests that, application of Vgg(opt) and adaptive source
bias improves leakage yield (i.e. number of dies meeting the
leakage/stand-by power bound). It should be further noted that,
the adaptive source bias does not strongly modify the leakage
distribution from Vgg(opt). Particularly in low-and high inter-die
V, corners, value of the selected source bias in an ASB scheme, is
lower than Vgg(opt). Hence, it is expected that, array leakage will
be higher in case of adaptive source bias. However, it should be
noted from Fig. 9(a) that, reduction in adaptive source bias value
from Vgp(opt) is not very high, even at low or high inter-die V,
corners. Moreover, a reduction in source bias reduces both the
transition energy (comparable to array leakage at high-V, corner
as leakage is very low) and the sleep transistor leakage (non-
negligible at low- inter-die V, corner). Hence, the change in total
standby power from Vgg(opt) to adaptive source bias is small.
This is further clarified in Fig. 11, which shows that, the change
in total stand-by power for a low-V, die from Vgg(opt) (~0.6V) to
adaptive source bias value at that corner (~0.4V) is only ~25%.
This explains the negligible difference between the leakage
distribution between Vgg(opt) and adaptive source bias cases.
Negligible difference between the two distributions suggests that,
there is a only a very small yield loss in ASB scheme (due to high
stand-by power) compared to Vgg(opt). Fig. 12(a) shows the
variation in ‘leakage yield” with an increase in inter-die process
variation. It can be observed that, both Vgp(opt) and adaptive
source bias significantly improve leakage yield compared to
conventional zero source bias design. However, the difference
between the ‘leakage yield” due to Vgg(opt) and adaptive source
bias is minimal. It suggests that, adaptive source bias does not
degrade leakage yield. On the other hand, adaptive source biasing
has much better ‘hold yield” compared to Vgg(opt) (Fig. 12(c)).
The proposed self-calibrating SRAM with ASB scheme is
simulated in predictive 70nm technology [8]. Simulation results
shows that, adaptive source-biasing can result in 7-25% reduction
in number of chips failing to meet leakage bound compared to
zero source biased SRAM. Simultaneously, with ASB number
chips failing in hold mode reduced by 7-85% compared to SRAM
with fixed (optimum at nominal V, corner) source biasing. Hence,
the statistical simulation of the ASB scheme shows that the
proposed system can achieve better robustness without increasing
power dissipation.
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6. CONCLUSION

Technology scaling significant increases the leakage power and
degrades parametric yield of SRAM. In this paper, we
investigated the impact of a standard leakage reduction technique,
namely source biasing on hold failures of SRAM arrays. Our
analysis shows that, conventional source-biasing can negatively
impact parametric yield by increasing hold failures. Hence, there
is a strong need for design techniques that can reduce leakage
power in SRAM without degrading the parametric failures. We
proposed a self-calibrating SRAM which can significantly reduce
leakage spread, while maintaining hold failures under control.
Simulation result in predictive 70nm technology shows 7-25%
improvement in leakage yield compared to conventional SRAM.
Simultaneously, 7-85% reduction in yield loss due to hold failure
is observed compared to standard source-bias SRAM. Hence, we
believe that the proposed self-calibrating SRAM can reduce
standby power without significant yield degradation.

Acknowledgement: This research was partly supported by Gigascale
System Research Center and Semiconductor Research Corp (#1078.001).

7. REFERENCES

[1] K. Roy et. al, Leakage current mechanisms and leakage reduction
techniques in Deep-submicron CMOS Circuits, Proc. IEEE, 2003.

[2] H. Kawaguchi et. al, Dynamic leakage cut-off scheme for low-
voltage SRAM’s, VLSI Circuits, 1998.

[3] K. Flautner et al., Drowsy caches: simple techniques for reducing
leakage power, ISCA 2002

[4] A.J. Bhavnagarwala et. al, Dynamic-threshold CMOS SRAMs for
fast, portable applications, ASIC/SOC, 2000.

[5] H. Qinet. al, SRAM leakage suppression by minimizing standby
supply voltage, ISQED, 2004.

[6] A.Bhavnagarwala, et. al., “The impact of intrinsic device
fluctuations on CMOS SRAM cell stability,” JSCC 2001.

[7] S. Mukhopadhyay, et. al, Statistical design and optimization of

SRAM cell for yield enhancement, ICCAD, 2004.

[8] BPTM 70nm: Berkeley predictive technology model.

[9]1 Y. Taur and T. H. Ning, Fundamentals of modern VLSI devices,

New York: Cambridge Univ. Press, 1998.

[10] R.Rao, et. al, Parametric yield estimation considering leakage

variability, DAC, 2004.

N. C. Beaulieu, et. al, Estimating the distribution of a sum of

independent lognormal random variables, TComm, 1995.

A. Papoulis, Probability, random variables and stochastic process

M. L. Bushnell et. al., Essentials of electronic testing for digital,

memory and mixed-signal VSLI circuits, Kluwer, 2001.

S. Mukhopadhyay, et. al, Design of reliable and self-repairing

SRAM in nano-scale technologies using leakage and delay

monitoring, ITC, 2005.

(1]

[12]
[13]

[14]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Academy
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BabyKruffy
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chick
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Croobie
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Fat
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Freshbot
    /Frosty
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlooGun
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jenkinsv20
    /Jenkinsv20Thik
    /Jokerman-Regular
    /Jokewood
    /JuiceITC-Regular
    /Karat
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /Poornut
    /PoorRichard-Regular
    /Porkys
    /PorkysHeavy
    /Pristina-Regular
    /PussycatSassy
    /PussycatSnickers
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Square721BT-Roman
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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 <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


