
IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 57, NO. 6, JUNE 2010 1375

Investigation of Cell Stability and Write Ability of
FinFET Subthreshold SRAM Using

Analytical SNM Model
Ming-Long Fan, Student Member, IEEE, Yu-Sheng Wu, Student Member, IEEE,

Vita Pi-Ho Hu, Student Member, IEEE, Pin Su, Member, IEEE, and Ching-Te Chuang, Fellow, IEEE

Abstract—In this paper, the static noise margin (SNM) of
FinFET static random access memory (SRAM) cells operating
in the subthreshold region was investigated using an analytical
solution of 3-D Poisson’s equation. An analytical SNM model
for subthreshold FinFET SRAM was demonstrated and validated
by 3-D technology computer-aided design (TCAD) mixed-mode
simulations. When compared with bulk SRAM, the standard 6T
FinFET cell showed larger nominal READ SNM (RSNM), better
variability immunity, and lesser temperature sensitivity of cell
stability. Furthermore, examination of the stabilities of several
novel independently controlled gate FinFET SRAM cells by us-
ing the proposed SNM model showed significant nominal RSNM
improvements in these novel cells. However, the write ability is
found to be degraded, which thus becomes an important concern
for certain configurations in the subthreshold region. The result
obtained indicates that the READ/WRITE word line voltage con-
trol technique is more effective than transistor sizing in improving
the stability and write ability of the FinFET subthreshold SRAM.
Furthermore, the impacts of process-induced variations on cell
stability were also assessed. When compared with RSNM, it was
found that WRITE SNM is more susceptible to process variations.
While 6T is not a viable candidate for subthreshold SRAM, and
8T/10T cells must be used in bulk CMOS, the present analysis
established the potential of 6T FinFET cells for subthreshold
SRAM applications.

Index Terms—FinFET, Poisson’s equation, static noise margin
(SNM), subthreshold SRAM.

I. INTRODUCTION

SUBTHRESHOLD circuit design by operating supply volt-
age Vdd below threshold voltage VT has emerged as an

effective solution for ultralow-power applications in portable
devices, implanted medical instruments, and wireless body
sensing networks [1]. However, with the scaling of Vdd, static
random access memory (SRAM) cell stability has been found
to deteriorate. A conventional bulk 6T SRAM cell fails to
offer adequate stability in the subthreshold region, and several

Manuscript received August 7, 2009; revised March 16, 2010; accepted
March 17, 2010. Date of current version May 19, 2010. This work was
supported in part by the National Science Council of Taiwan under Contract
NSC 98-2221-E-009-178, by the Ministry of Education in Taiwan under the
ATU Program, and by the Ministry of Economic Affairs in Taiwan under
Contract 98-EC-17-A-01-S1-124. The review of this paper was arranged by
Editor C.-Y. Lu.

The authors are with the National Chiao Tung University, Hsinchu 300,
Taiwan (e-mail: austin.ee95g@nctu.edu.tw; pinsu@faculty.nctu.edu.tw).

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

Digital Object Identifier 10.1109/TED.2010.2046988

Fig. 1. Comparison of Id–Vg characteristics for 25-nm bulk and FinFET
devices. FinFET is designed with Na = 1 × 1017 cm−3, Leff = 25 nm,
Wfin = 7 nm, Hfin = 20 nm, and EOT = 0.65 nm. Planar bulk device follows
the prediction of 2007 International Technology Roadmap for Semiconductors
with EOT = 0.65 nm.

novel 8T/10T cell structures have been proposed to maintain
satisfactory stability and functionality [2]–[5]. Fig. 1 compares
the Id–Vg characteristics of 25-nm bulk and FinFET devices
under the same Id,sat at Vds = 1.0 V. Owing to its better
gate control, the FinFET device has been observed to exhibit
significant lower subthreshold swing and leakage current, and
100X greater Ion/Ioff (Vg = 1.0 V) ratio than the bulk device.
Furthermore, the use of lightly doped (or undoped) silicon
fin is found to improve the immunity to variations in the
subthreshold region. As such, FinFET SRAM appears to be an
ideal candidate for emerging subthreshold SRAM applications.

In this paper, an analytical approach was employed to in-
vestigate the READ and WRITE static noise margin (RSNM
and WSNM) for 6T FinFET SRAM operating in the sub-
threshold region. The remainder of this paper is organized as
follows: Section II describes the subthreshold FinFET drain
current model and the computational flow for subthreshold
FinFET SRAM static noise margin (SNM) model, followed
by validations with TCAD simulation results under various
conditions. In Section III, the advantage of FinFET SRAM is
further demonstrated by using TCAD atomistic Monte Carlo
simulations considering random dopant fluctuation (RDF) and
line edge roughness (LER) for bulk and FinFET cells, respec-
tively. Furthermore, the temperature effect is also assessed.
In Section IV, the proposed SNM model is used to analyze
the stability of the standard 6T FinFET cell and several novel
cells using independent-gate control techniques. In addition,
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Fig. 2. Verification of the subthreshold current model with TCAD simulations
for (a) tied-gate and (b) independent-gate FinFET device.

the impacts of device parameter variations on cell stability and
write ability have also been assessed. Finally, the conclusions
are presented in Section V.

II. ANALYTICAL MODEL FOR SUBTHRESHOLD

FinFET SRAM

A. Drain Current Model for Subthreshold FinFET

In this paper, the FinFET subthreshold drain current has been
calculated using the following expression [6]:
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where Na is the doping concentration of the Si-fin body, Wfin,
Hfin, and Leff are the fin width, fin height, and channel length,
respectively, VD and VS are the voltages for the drain and
source terminals, respectively, and ϕ is the potential distrib-
ution inside the fully depleted Si fin, which can be obtained
by solving 3-D Poisson’s equation with adequate boundary
conditions [7].

Note that in addition to the conventional tied-gate mode, the
FinFET device has the flexibility to operate in independent-gate
control mode. Fig. 2 compares the Id–Vg characteristics of our

Fig. 3. (a) Conventional (tied-gate) 6T FinFET SRAM cell structure and the
individual current components used in constructing butterfly curves. The SNM
model verified with TCAD simulations for READ and WRITE of (b) nominal
cell, (c) scaled cell, and (d) lower Vdd of 0.2 V.

subthreshold drain current model and TCAD simulations [8].
It can be seen that our model shows excellent agreement with
TCAD results for both tied-gate and independent-gate FinFET
current characteristics.

B. SNM Model for Subthreshold FinFET SRAM

Using the subthreshold drain current model, SNM can be
calculated by solving Kirchhoff’s current law at the cell storage
nodes VL and VR [Fig. 3(a)] [9]. The input voltage of the cross-
coupled inverter (VL and VR) has been swept and iteratively
solved to construct the butterfly curve. Fig. 3(b)–(d) demon-
strates the accuracy and scalability of this model with various
device parameters (i.e., with a nominal cell, a scaled cell, and
a lowered Vdd of 0.2 V) for both READ and WRITE. With the
butterfly curve, one can quantify the cell stability by RSNM
and WSNM for READ and WRITE, respectively. As shown in
Fig. 3(b), RSNM can be defined as the size of the maximum
square that can fit inside the curves, and WSNM can be defined
as the size of the minimum square that spans the curves [10].
When the value of RSNM or WSNM goes negative, the cell
becomes unstable (for READ) or fails to write (for WRITE).
The SNM computational flow described earlier is summarized
in Fig. 4.

In this paper, the analysis is based on FinFET device de-
signed with Na = 1 × 1017 cm−3, Leff = 25 nm, Wfin = 7 nm,
Hfin = 20 nm, and equivalent oxide thickness (EOT) =
0.65 nm. The strengths of NMOS/PMOS are comparable with
dual work functions (4.55/4.75 eV for NMOS/PMOS).

III. COMPARISON OF STANDARD 6T FinFET
AND BULK SRAM

With the established subthreshold SNM model, the nominal
RSNM of a FinFET cell can be calculated and compared
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Fig. 4. Calculation flow of the subthreshold FinFET SRAM SNM model.

Fig. 5. Dependence of 25-nm FinFET 6T SRAM RSNM on Vdd and compar-
ison with RSNM of the reported bulk SRAM cells.

with the published bulk cells, as shown in Fig. 5 [2]–[5].
The standard 6T FinFET tied-gate cell (with Leff = 25 nm)
is found to exhibit better nominal RSNM than the bulk 6T
cell and some 10T cell configurations (labeled 130- and 32-nm
nodes). In Fig. 6, the impacts of device variations on bulk
(considering RDF) and FinFET (considering fin LER) standard
6T cells have been investigated using TCAD atomistic Monte
Carlo simulations [11], [12]. The FinFET cell offers adequate
RSNM μ/σ ratio(= 6.3) for the subthreshold operation at
Vdd = 0.4 V, whereas the bulk 6T cell SRAM produces an
unacceptable RSNM μ/σ ratio(= 2.9). The self-heating effect
in thin Si film-based devices has long been a concern owing to
the poor thermal conductivity of the surrounding oxide layers.
By using calibrated thin-film thermal conductivity (κ) [13], we
can simulate and compare the device temperature and RSNM
with self-heating for bulk and FinFET silicon-on-insulator
(SOI) 6T cells. As shown in Fig. 7(a), the device temperature
rises with increasing Vdd, and this effect is more severe for
the FinFET SOI device. However, for subthreshold operation
(e.g., at Vdd = 0.4 V), the self-heating effect is negligible,
and there is essentially no difference in device temperature
between the FinFET SOI device and the bulk device. Fig. 7(b)
shows the RSNM of FinFET SOI 6T cell and bulk 6T cell at
Vdd = 0.4 V versus temperature. As can be seen for the case
at 300 ◦K, there is no difference in RSNM with and without
self-heating. In addition, it can be observed that the FinFET
SOI SRAM cell exhibits lesser sensitivity to temperature and
offers better RSNM at 400 ◦K than the bulk cell operated

Fig. 6. RSNM characteristics for standard 6T (a) FinFET SRAM considering
fin LER and (b) bulk SRAM with RDF.

at 250 ◦K. Thus, a subthreshold FinFET SRAM cell offers
superior variation immunity and temperature sensitivity. In the
following section, we will investigate the cell stability and write
ability of subthreshold FinFET SRAM cells using the analytical
approach.

IV. SNM OF SUBTHRESHOLD FinFET SRAM CELLS

Examination of the impacts of transistor sizing and
READ/WRITE word line (R/W WL) voltage control (as de-
scribed in Table I) on FinFET SRAM cell stability and write
ability (Fig. 8) shows that the use of double-fin pull-down
N-type field effect transistor (NFET) to improve RSNM (or the
use of double-fin access NFET to improve WSNM) amounts to
about 25 mV of the WL voltage control. The results indicate
that R/W WL voltage control is an efficient approach to im-
prove subthreshold SRAM stability and write ability owing to
the exponential dependence of drain current on gate voltage in
the subthreshold regime.

Owing to the effectiveness of voltage control on FinFET
SRAM, the stability and write ability of various novel SRAM
cells exploiting the independent-gate control capability of
FinFET merit further investigation. Fig. 9 illustrates several
novel cell structures reported in the literature [14]–[17]. The
Ying–Yang feedback cell [14], shown in Fig. 9(a), grounds
the back gates of access transistors (AL, AR) to reduce their
strength. A tied-gate pull-down NFET (NL, NR) has been used
for increasing the strength of the pull-down NFET holding the
“0” storage node to reduce the READ disturb voltage and for
decreasing the strength of the pull-down NFET holding “1”
storage node to increase the trip voltage of the corresponding
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Fig. 7. (a) Impact of Vdd on the device temperature for bulk and FinFET SOI
devices (ambient temperature was set to 300 ◦K). (b) Impact of temperature on
RSNM for standard bulk and FinFET cells.

TABLE I
TECHNIQUES USED FOR R/W VWL CONTROL AND TRANSISTOR SIZING

Fig. 8. Impacts of transistor sizing and R/W VWL control on the subthreshold
FinFET SRAM stability.

inverter, thus improving the RSNM. The improved Ying–Yang
feedback cell [15] shown in Fig. 9(b) modifies the connection
of the back gates of access transistors to the cell storage nodes.
As such, the strength of the access transistor connected to “1”
storage node has been increased to improve the WSNM (write
ability) and WRITE performance. For the double word-line

Fig. 9. Various 6T FinFET SRAM cells using independent-gate control
technique. (a) Ying–Yang feedback [14]. (b) Improved Ying–Yang feedback
[15]. (c) Double word line [16]. (d) Asymmetrical cell [17].

structure [Fig. 9(c)] [16], the strength of the access transistor is
adaptively controlled by WWL and R/WWL. During the READ
operation, only R/WWL turns on to improve RSNM. During the
WRITE operation, both WWL and R/WWL turn on to enhance
the WSNM and WRITE performance. The asymmetrical cell
shown in Fig. 9(d) [17] employs a single-ended READ oper-
ation with the right-half cell (through R/WWL and R/WBL).
Furthermore, the tied-gate configuration is used for NR to
increase its strength and reduce the READ disturb voltage at the
cell “0” storage node, whereas the back gate of NL is grounded
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TABLE II
NOVEL INDEPENDENT-GATE CONTROL FinFET SRAM CELLS

Fig. 10. Comparison of nominal RSNM of different FinFET cell structures
listed in Table II.

to reduce its strength and increase the trip voltage of the cell
left inverter, thus improving the RSNM.

These cells, in general, offer better RSNM or WSNM than
that of the conventional tied-gate 6T cell in the superthreshold
region. Subsequently, the RSNM and WSNM of these cells
were analyzed in the subthreshold region, and the cases con-
sidered are summarized in Table II. In Fig. 10, the nominal
RSNMs of different cells have been compared for subthreshold
(Vdd = 0.4 V) and superthreshold (Vdd = 1.0 V) operations.
The novel cells show significant improvement in nominal
RSNM, particularly for cells (II), (III), and (IV). This is because
the strength ratio of the access transistor (AL, AR) to the pull-
down transistor (NL, NR) has been reduced during READ. One
can also observe that the percentage improvement of RSNM
for subthreshold operation is greater than that observed during
superthreshold operation.

Fig. 11(a) compares the nominal WSNM of these cells
under subthreshold and superthreshold conditions. Notice that
owing to the asymmetrical structure of cell (V), the WSNMs
for Write “1” and Write “0” are different. Furthermore, the
impact of back-gate connection on WSNM is quite significant
in the subthreshold region and is similar to that observed in the
RSNM. However, their negative WSNM in the subthreshold
region indicates that the degradation of the strength of the
access transistor (AL, AR) to the pull-up “tied-gate” P-type
field effect transistor (PFET) (PL, PR) may cause problems in
WRITE for cells (II) and (III). In Fig. 11(b), the boosted WL
has been applied to cells (II) and (III) to restore the strength of
the access transistor (AL, AR). However, to achieve adequate
WSNM (100 mV), the required boosted voltage is too large
(172 and 133 mV for cells [II] and [III], respectively) to make
this technique practical.

Fig. 11. (a) Comparison of nominal WSNM of different FinFET cell struc-
tures listed in Table II. (b) Impact of boosted WL on WSNM for cells (II)
and (III).

In Fig. 12(a), the RSNM variation (ΔRSNM) and the
percentage change in RSNM have been used to assess the sensi-
tivity of FinFET SRAM cells listed in Table II to process varia-
tions. ΔRSNM has been calculated from the RSNM difference
between ±20% device parameter deviations (including Leff ,
Wfin, Hfin, and EOT), i.e., ΔRSNM = |RSNM(P + 20%) −
RSNM(P − 20%)|. The percentage change in RSNM is defined
as the ratio of ΔRSNM to the nominal RSNM. Fig. 12(a)
shows that independent-gate-controlled FinFET SRAM cells
(cells [II]–[V]) exhibit greater ΔRSNM than that obtained with
cell (I). This is because the operation of FinFET in independent-
gate mode has worse electrostatic integrity than that in tied
gate mode [18], which degrades VT and RSNM [shown in
Fig. 12(b)] variations. However, owing to their significant im-
provements in nominal RSNM, cells (II)–(IV) still show lesser
percentage change of RSNM than cell (I).

Fig. 13 compares the WSNM variation (ΔWSNM) and
the percentage change in WSNM for cells (I), (IV), and (V).
During WRITE operation, the ΔWSNMs of these cells are
found comparable because of similarity in the configurations
of access transistors (AL, AR) and pull-up transistors (PL,
PR). Owing to its larger nominal WSNM, cell (V) of Write
“1” shows ∼20% improvement in the percentage change of
WSNM. Furthermore, a boosted word line (BWL) can also be
used to minimize WSNM variation. When the WL was boosted
to 0.42 V, significant suppression of WSNM variation (from
∼40 to ∼10 mV) and percentage change in WSNM (from
∼55% to ∼4%) were observed (Fig. 13).
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Fig. 12. (a) Comparison of different FinFET SRAM cells listed in Table II
on RSNM variation and percentage change in RSNM. (b) Comparison of
independent-gate and tied-gate FinFET on VT variation. Variations in (a) and
(b) result from Leff , Wfin, Hfin, and EOT dimension deviations (±20%).

Fig. 13. Comparison of WSNM variation and percentage change in WSNM of
different FinFET cell structures listed in Table II. ΔWSNM = [WSNM(P +
20%) − WSNM(P − 20%)], where P is the device parameter, such as Leff ,
Wfin, Hfin, and EOT.

V. CONCLUSION

In this paper, the stability and write ability of FinFET sub-
threshold SRAM have been investigated using an analytical
solution of 3-D Poisson’s equation. An analytical SNM model
for FinFET subthreshold SRAM was demonstrated for the stan-
dard 6T cell and novel independent-gate-controlled 6T cells.
The results indicate that the R/W WL voltage control technique
is more efficient than transistor sizing for the subthreshold
SRAM. Furthermore, significant nominal RSNM improve-

ments were observed for the independent-gate-controlled cells.
However, for cells (II) and (III), WSNM was severely degraded
with the degradation of the strength ratio of the access transistor
to the pull-up “tied-gate” PFET. In addition, the impacts of
process-induced variations on the cell stability and write ability
of various FinFET cells were also assessed. Owing to their
better nominal RSNM, cells (II)–(IV) show superior immunity
to variations (∼9% change in RSNM). It is found that WSNM
is more susceptible than RSNM to process variation and can
be effectively improved by boosting WL voltage. As opposed
to the need to use 8T/10T cells for bulk subthreshold SRAMs,
this paper has demonstrated the potential of 6T FinFET SRAM
for subthreshold operation.
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280 papers.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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


