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Abstract—With technology down scaling, static power has become one
of the biggest challenges in a System-On-Chip. Normally-off computing
using non-volatile sequential elements is a promising solution to address
this challenge. Recently, many non-volatile shadow flip-flop architectures
have been introduced in which Magnetic Tunnel Junction (MTJ) cells are
employed as backup storing elements. Due to the emerging fabrication
processes of magnetic layers, MTJs are more susceptible to manufacturing
defects than their CMOS counterparts. Moreover, unlike memory arrays
that can effectively be repaired with well-established memory repair and
coding schemes, flip-flops scattered in the layout are more difficult to
repair. So, without effective defect and fault tolerance for non-volatile
flip-flops, the manufacturing yield will be severely affected. In this paper,
we propose a Fault Tolerant Non-Volatile Latch (FTNV-L) design, in which
several MTJ cells are arranged in such a way that it is resilient to
various MTJ faults. Simulation results show that our proposed FTNV-
L can effectively tolerate all single MTJ faults with considerably lower
overhead than traditional approaches.

I. INTRODUCTION

With the advancements in technology scaling, the excessive
leakage power of CMOS devices becomes a major design issue.
Therefore, non-volatile magnetic memories using spintronic technolo-
gies such as Spin Transfer Torque (STT) or Spin Orbit Torque (SOT)
are gaining popularity. This is due to their various advantageous
features such as high endurance, scalability, high density, low access
latency, soft-error immunity and CMOS compatibility [1, 2]. These
technologies use a Magnetic Tunnel Junction (MTJ) cell as a storing
device, which stores the logic value as resistance state. These storing
devices can also be employed for flip-flops design in a low power
System-On-Chip (SoC). Therefore, many non volatile (NV) shadow
flip-flop architectures have recently been introduced which exploit the
normally-off and instantly-on attributes of MTJs [3, 4]. However, a
single MTJ failure in such designs can lead to a complete breakdown
of the normally-off capabilities.

The fabrication of the magnetic layers to implement MTJ cells
is more complex than that of conventional CMOS, since it is a
new process based on new materials. Therefore, it is expected that
magnetic layers are more prune to manufacturing defects than CMOS
layers [5]. For instance, there is a possibility of the barrier short
during the ion beam etching process [6]. As a consequence, the
affected MTJs have a very low resistance value [7]. On the contrary,
MTIJ cells exhibit an extremely high resistance for an open defect.
In addition, the magnetic orientation of the MTJ cell can be fixed
to a specific magnetization configuration, meaning their magnetic
orientation cannot be changed [8—10]. This may happen permanently
because of manufacturing defects in the magnetic layer or due to
loss of margin in the CMOS support circuitry, such as reduced
switching current or duration [8]. All these defects can severely hurt
the manufacturing yield of these emerging technologies to prevent
their widespread adoption.

In order to render manufacturing defects, memories are usually
equipped with redundancies and error detection/correction mecha-
nisms [9]. However, these techniques are inapplicable to flip-flop
designs, because flip-flops are scattered widely in the SoC layout
as individual cells. Nevertheless, in flip-flop designs, these faults can

978-3-9815370-6-2/DATE16/ (©2016 EDAA

Shadow Latch

DATA,|!  ConventionalcMOS {1 2 /lpp g Read  |mtread
Flip-Flop / | component (—
/! mtj_read
Master Slave /)

PD —» Latch Latch / = =
Y / o & g

v £8 g

. = £

CLK— Non-Volatile 8 &
l I

l
- D PD_wr =

Fig. 1. Overview of shadow non-volatile flip-flop architecture

be addressed using traditional Triple Modular Redundancy (3MR), in
which the shadow latch component is triplicated, and the final output
is generated based on a voting mechanism. In fact, it incurs huge area,
energy and latency costs. Therefore, it is a decisive need to have a
cost effective solution to deal with MTJ faults for overall yield and
energy efficiency.

In this paper, we propose a novel shadow flip-flop architecture, in
which we design a generic Fault Tolerant Non-Volatile Latch (FTNV-
L) applicable to all NV flip-flops, to address the aforementioned
faults in MTJ cells. In our proposed FTNV-L design, several MTJ
cells are structured in such a way that it can easily tolerate all single
MT] faults within a flip-flop. Simulation results demonstrate that our
proposed FTNV-L design delivers required resistance differences in
the presence of any single faults to guarantee a fault-free functionality.
Moreover, it has almost the same performance and energy for both
backup and restore processes as a standard NV flip-flop. In addition,
adding MTJ cells has a minimal impact on the overall flip-flop area,
as they are fabricated in different layers.

II. BACKGROUND

A. Spin Transfer Torque

The Magnetic Tunnel Junction (MTJ) cell, which is a storing
device, consists of two ferromagnetic layers separated by a thin barrier
oxide. One of the ferromagnetic layers, whose magnetic orientation
is always fixed, is known as Referenced Layer (RL). The magnetic
orientation of the other layer can be freely rotated, which is termed
as Free Layer (FL). An MTJ cell stores data as a resistance state.
When the magnetic orientation of the two ferromagnetic layers are
parallel to each other ("P’ configuration), it exhibits a low resistance
value. Otherwise, it has a high resistance value, when the magnetic
orientation of those two layers are anti-parallel to each other (AP’
configuration).

B. Overview of Non-Volatile flip-flop

A shadow flip-flop architecture using MTJ-based non-volatile
storing devices is very effective for leakage power reduction. This
is due to the fact that by adopting these designs, the entire logic
core can be power gated, unlike for conventional CMOS-based flip-
flops. As illustrated in Fig 1, it consists of three components, namely,
master latch, slave latch, and NV shadow latch. Here, the shadow
latch consists of two MTJs as well as read and write components.
During power-down, the data is stored in the shadow latch before
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Fig. 2. Read latency for various TMR values (for typical process corner and
see TableI for setup information)

going into the sleep-mode, and it is read and restored into the slave
latch during wakeup. The PD_rd and PD_wr signals, which are
generated using the PD pin, are employed to activate the read and
store operations, respectively. The two MTJs should always store the
opposite magnetizations which assists the read process by sensing
the resistance differences. If any one of the MTJs is faulty, the entire
shadow latch component cannot be used in the given architecture.
Hence, our proposed shadow latch component is designed in such a
way that it is capable of delivering the correct output in the presence
of a single faulty MTJ within each flip-flop.

C. MTJ read and Tunnel Magneto-Resistance (TMR)

The MT]J read is performed by passing a small amount of current
through the MTJ layer stacks. It is carried out using a differential
amplifier, in which the resistance of the MTJ is sensed and compared
with a reference value to generate an output. The relative difference
between the two resistance states of the MTJ cell plays a vital role
for the output generation, which rely upon the TMR value. The TMR
of an MT]J cell is defined as [11]:

TMR(%) = w x 100 )
P

where Rap and Rp are the resistances in the AP’ and "P’ magneti-
zation states, respectively. The TMR value is highly dependent on the
property of the barrier oxide layer of the MTJ cell [11]. High TMR
values are always desirable for fast and reliable read. Furthermore,
the read latency exponentially decreases with an increase in TMR, as
shown in Figure 2. Please note that a high TMR value for an MTJ
cell also requires a high energy to switch its magnetization.

D. Defects in MTJs and fault modeling

The MTJ device uses different materials and processes for man-
ufacturing compared to CMOS. Due to the complexity of these
fabrication processes and the interdependency of magnetic materials,
MTIJ cells are subject to various and new failure mechanisms [5-9].
For instance, during the ion beam etching process, due to sputtering
effects, the sputtered atoms re-deposit at the MTJ sidewall leading to a
barrier short [6]. As a consequence, the isolation of the ferromagnetic
layers is damaged, resulting in a very low resistance value [7]. In this
case, although current can flow through the device, the cell no longer
behaves as an MTJ cell. On the other hand, an MTJ cell can also
have an open connection due to internal damage, which delivers a
very high resistance value. As a result, current cannot flow through
the device because of a discontinuity in the design.

There are some cases, where the MTJ cell resistance values
are not so severely affected as in open and short faults, however,
their values can easily influence the sense amplifier so that an
incorrect output can be generated. For instance, during fabrication,
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Fig. 3. Schematic diagram of proposed FTNV-L design
the magnetization of the FL can be permanently fixed to either P’
or AP’ configuration [10]. Another possibility is that the switching
margin and/or the current value are not sufficient enough to flip the
magnetization of an MTJ cell [8]. This is due to defects or the impact
of process variation. In addition to manufacturing defects, MTJs are
also vulnerable to runtime failures such as read disturb, retention
failures and back-hopping [9, 12, 13].
We can broadly classify all these MTJ defects into four groups:
e  Short fault: FL and RL are connected.
e  Open fault: Discontinuity in the device.
o Stuck-at-P fault: MTJ magnetization is permanently or tem-
porally locked to the "P’ state.
e  Stuck-at-AP fault: MTJ magnetization is permanently or
temporally locked to the AP’ state.

III. PROPOSED FAULT TOLERANT NON-VOLATILE LATCH

Here we propose a low cost solution using a novel fault tolerant
MT]J-based latch design that can withstand various defects, and deliver
a correct output. The implementation details of our proposed latch
design, along with its functionality in the presence of all possible
faults, are discussed next.

The circuit diagram for our proposed FTNV-L design is shown in
Fig 3. It primarily consists of three components, namely, write, read
and MTJ cell arrangements. The purpose of the write component
is to store the content of the conventional CMOS flip-flop in the
MT]J cells during power-down. This can be achieved by establishing
a bi-directional current path such that the switching current flows
through each MTJ cell. To assure the magnetic switching, the write
component has to be designed in such a way that a sufficient amount
of switching current for a required duration can flow through each
MTI. This current value is adjusted with the transistor widths in
the write components, whereas its duration is synchronized with
the "PD_wr’ period. Note that, the main requirement of this write
process is that the two branches (i.e., Branch-1 and Branch-2) should
always have a set of MTJs with opposite magnetizations. This design
creates a self-referenced structure which is necessary for a proper
read operation.
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The read component of the design is composed of a pre-charge
circuit, a pair of back-to-back connected inverters and a tail transistor.
The purpose of the pre-charge circuit is to provide an equipotential
at the output nodes (read_mtj and read_mtj) before the actual read is
started. In our implementation, read is performed with the activation
of the 'PD_rd’. During the read process, the pre-charge circuit is
deactivated, and the two back-to-back connected inverters are coupled
with the two branches of the MT]J sets, since the transmission gates T1
and T2 are ON. Additionally, the tail transistor "N3’ is also ON at the
same time. Therefore, a current path is established, and the sensing
process begins. During this sensing process, one of the output nodes
goes to a low steady state, while the other remains at a high state.
The two back-to-back connected inverters develop a positive feedback
loop that accelerates the process of stabilizing the two output nodes.

The arrangement of the MTJ cells is one of the key components
in our design implementation. All MTJs in each branch have the
same magnetization, and as mentioned previously, the MTJs in those
two branches always have the opposite magnetization. The branch in
which all MTJs are in "P” and " AP’ states are referred as branch-P and
branch-AP, respectively. Each branch has a serial connection of the
two parallel connected MTJs. This type of arrangement serves two
purposes in FTNV-L design: (1) The parallel connection addresses
short and open faults. (2) The serial connections are to increase the
ratio of the effective resistance difference between the two branches,
which we named equivalent TMR (T'M R.4). In other words, the flip-
flop design has to meet the minimum 7'M R., requirement during the
read operation to generate the correct output. Thus, the equivalent
resistance for the branch-P is given by the following equation:

Ry = Rp1 X Rp2 n Rp3 X Rpa @)
Rp1+ Rp2 Rps+ Rpa
where Rp is the resistance value of the corresponding MTJ that has
P’ magnetization. Similarly, the equivalent resistance for AP is:

_ Rap1 X Rap2 | Raps X Rapa
Req—AP - + (3)
Rap1+ Rap2  Raps+ Rapa
where R 4p is the resistance of the corresponding MTJ that has *AP’

magnetization. Using the above two equations, 7'M R., is defined as:

Req—AP - Req—P

TMReq(%) = ==
eq—

x 100 4

If one MTJ cell has a permanent or temporal defect, the equivalent
resistance changes based on the fault type, as discussed next.
Short fault: When one of the MTJs has a short fault, a relatively
high current flows though that defective MTJ. Consequently, the MTJ
which is in parallel to the shorted one, is bypassed for both read and
write operations. Hence, the equivalent resistance for both P’ and
AP’ is ¢ R

Req—short{p,aP} = 7&1{;AP} )

where Rcq(p apy is the equivalent resistance of either branch-P or
branch-AP.
Open fault: When one of the MTJs is open, no current flows through
that MTJ. Unlike for shorts, the MTJ which is in parallel to the
defective MTJ is usable and it becomes in series with the other two
parallel connected MTJs. In this case, the equivalent resistance for
both P’ and AP’ configuration is:

Req{P,AP}

Req—open{P,AP} = 2 + R{P,AP} (6)

where Rp ap is the resistance of a single MTJ in either "P’ or "AP’.

TABLE 1. CIRCUIT-LEVEL SETUP
[ Parameters | Value

|
[ 12V and 27°C |
[ TSMC 65nm GP |

[ VDD and Temperature
| CMOS Technology

Thermal stability factor 60
Free/Oxide layer thickness 1.84/1.48 nm
RA 6.145 Qum?
TMR @ 0V 200 %
"AP’/’P’ resistance 3.6 KQ/1.2KN

Stuck-at-P and Stuck-at-AP faults: When one of the MTJ cells is
stuck at the P’ (or 'AP’) configuration, then only the AP’ (’P’)
branch is affected. Therefore, the equivalent resistance in 'P’ and
*AP’ branches are as follows:

Rap " Rp X Rap
2 Rp + Rap
Rp . Rap X Rp
2 " Rap+Rp
IV. EXPERIMENTAL SETUP AND RESULTS
We performed a circuit-level analysis in order to evaluate the
efficiency of our proposed FTNV-L design. The simulation setup is
discussed first, followed by the circuit-level results. In the end, a
comparison of our proposed technique with 3MR is performed.

)

Req—stuck—at—P -

(®)

ReqfstuckfathP =

A. Simulation setup

For the circuit design implementation, we employed the MTJ
model presented in [14], and the other design parameters for the
simulations are depicted in Tablel. Here, our MTJ model is tuned
for the TMR and resistance values specified in the table, which are
determined using Eq(5)-(8), with the assumption of an acceptable
TMReq of 50 %.

The resistance value associated with each MTJ is obtained by
measuring the current value and voltage across its terminals. Further-
more, to obtain a setup for the defective MTJ cell, we employed a
resistance device to replace the MTJ in the design. For instance, a low
(around 5€2) and a high (around 5 M) resistances are connected to
demonstrate the short and open faults, receptively. Similarly, to show
the stuck-at-P and stuck-at-AP behavior in the design, a resistance
value equivalent of Rp and Rap is connected, respectively. Please
note that only one resistance at a time is connected, as our design
targets a single fault per latch.

B. Circuit-level design analysis

The TMR value is very sensitive to MTJ defects, which in turn
influences the functionality of the design. In our proposed design,
we have performed a detailed 7'M R., analysis and the results for
both branch-P and branch-AP are demonstrated in Fig4. As shown
in the figure, the worst 7'M R., value is obtained for open and short
faults in branch-P and branch-AP, respectively. The functionality of
the FTNV-L design in the presence of a short fault which is the
worst among all faults, is demonstrated in Fig6. In this figure, the
read outputs and effective resistances for both branches are shown.
This figure clearly shows that the T'M R., is relatively low when
’0’ value is read, but good enough to read the output correctly. The
reason for low T'M R., is that the effective resistance of branch-AP
becomes low due to an MTJ short. On the other hand, in the presence
of short-P and open-AP, T'M R, is high, even more than that of a
fault-free MTJ cell. This is because the faulty MTJs in these two cases
are additive to the resistance differences which further increases the
overall effective resistance. Moreover, the T'M R, value for both
stuck-at faults is slightly less than that of the TMR value of an MTJ.
These T'M R4 values influence the delay of the restore (read latency)
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operation of the FTNV-L as demonstrated in Fig5. Since, the read
latency is inversely proportional to the T'M R., value, short-P has
the lowest and short-AP has the highest delay.

In addition to the design parameters, we conducted an area
analysis for our proposed FTNV-L design. Compared to a standard
latch design, the area of FTNV-L is impacted by two factors: (1)
transistor width of the driver circuitry is increased, and (2) six
additional MTJs are employed. In the first case, the drive strength
of the write component is increased by 3.4 X to pass more current
(2 X) through the MTJ branches. However, in the second case, MTJs
are fabricated in another layer, and additionally flip-flops are widely
distributed all over the logic core unlike memory bit-cells. Hence,
adding extra MTJs introduces negligible impact on the overall area
of the SoC design [15].

C. Comparison with triple modular redundancy

To illustrate the advantages of our proposed FTNV-L design, we
compare it with a standard latch as well as 3MR. For the standard NV
latch implementation, we use only two MTJs, one per each branch.
For the 3MR implementation, we employ three standard NV latch
designs with a voting circuit. The results of comparison for the three
designs for a normal operation are summarized in Table II.

As specified in the table, 7'M R, value for each design is the
same for the normal operation when fault-free MTJs are considered.
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Fig. 6. Functionality of FTNV-L in the presence of short fault (for typical
process corner and see Tablel for setup information). Blue dotted circle
indicates the worst resistance differences during read due to short fault.

TABLE II. COMPARISON OF STANDARD LATCH AND 3MR DESIGN
WITH PROPOSED FTNV-L DESIGN (T: TRANSISTOR WIDTH ARE
INCREASED BY 3.4 X COMPARED TO STANDARD NV-LATCH)

Parameters Standard | 3MR | Proposed

NV Latch FTNV-L
TMReq (%) 200 200 200
Restore Latency (ps) 83 203 89
Restore Energy (fJ) 12 42 15

Backup delay (ps) 4056 4056 | 4065

Backup energy (fJ) 390 1170 366

Transistor count 16 72 16 T
MT]J count 2 6 8

However, in the presence of defective MTJs, the standard latch design
is not functional at all, whereas our proposed FTNV-L design as well
as 3MR are able to generate fault-free output. Both of these designs
can address a single MTJ fault per latch, but the 3MR has huge
overheads because it uses three sets of standard NV latch designs.
For instance, compared to FTNV-L, the 3MR design has around 2 X
and 3 X overheads for the restore latency and energy, respectively.
The voter circuit in 3MR adds 120ps to the delay and consumes
6.41J energy during restore. On the other hand, our proposed FTNV-
L has almost similar results in comparison to the standard NV latch
design. Nevertheless, the drive strength of the write components are
increased by 3.4 X in FTNV-L design compared to the standard NV
latch design. This is because, in FTNV-L several MTJs are stacked in
series-parallel connection, hence more current needs to pass through
write components to assure MTJ switching.

V. CONCLUSIONS

Non-volatile shadow latches are beneficial for leakage power
reduction based on normally-off computing. However, the non-
volatile MT]J storing device is susceptible to new failure mechanisms
which can severely affect the manufacturing yield and correct in-
field functionality of these systems. We proposed a Fault Tolerant
Non-Volatile Latch (FTNV-L) to preserve the fault-free functionality
of the latch in the presence of various faults. In our proposed FTNV-
L, any single fault per latch can be tolerated at much reduced costs
compared to traditional solutions based on triple module redundancy.

) VI. ACKNOWLEDGEMENT o
This work was partly supported by the European Commission

under the Seventh Framework Program as part of the spOt project
(http://www.spot-research.eu/).

REFERENCES

[1] International Technology Roadmap for Semiconductors. http://www.itrs.net, 2013.

[2] F. Oboril, et al. Evaluation of hybrid memory technologies using sot-mram for
on-chip cache hierarchy. TCAD, 2015.

[3] S. Yamamoto, et al. Nonvolatile flip-flop using pseudo-spin-transistor architecture
and its power-gating applications. In ISCDG, pages 17-20, 2012.

[4] Y. Lakys, et al. Low power, high reliability magnetic flip-flop. EL, 2010.

[5] R. Robertazzi, et al. Analytical mram test. In ITC, 2014.

[6] K. Sugiura, et al. Ion beam etching technology for high-density spin transfer torque
magnetic random access memory. JJAP, 2009.

[7]1 G. Panagopoulos, et al. Modeling of dielectric breakdown-induced time-dependent
stt-mram performance degradation. In DRC, 2011.

[8] M. Seyedhamidreza, et al. Impact Of Process-Variations in STTRAM and Adaptive
Boosting for Robustness. In DATE, 2015.

[9] H. Naemi, C. Augustine, A. Raychowdhury, S. Lu, J. Tschanz. STTRAM Scaling
And Retention Failure. Intel Technology Journal, 17, 2013.

[10] M. Kuepferling, et al. Vortex dynamics in co-fe-b magnetic tunnel junctions in
presence of defects. JAP, 2015.

[11] A. Khvalkovskiy, et al. Basic principles of stt-mram cell operation in memory
arrays. JAP, 2013.

[12] R. Bishnoi, et al. Read disturb fault detection in stt-mram. In ITC, 2014.

[13] T. Min, et al. Back-hopping after spin torque transfer induced magnetization

switching in magnetic tunneling junction cells. JAP, 2009.

A. Mejdoubi, et al. A compact model of precessional spin-transfer switching for

mtj with a perpendicular polarizer. In MIEL, 2012.

[15] G. Prenat, et al. Hybrid cmos/magnetic process design kit and application to the
design of high-performances non-volatile logic circuits. In /CCAD, 2011.

[14

264 2016 Design, Automation & Test in Europe Conference & Exhibition (DATE)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /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
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


