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ABSTRACT This paper is the first to propose an innovative method for measuring variations in dynamic
random access memory (DRAM) cell transistors. Structural dispersion induces an extremely high cell
leakage current, which determines aspects of DRAM performance such as refresh time (tREF). However,
no method is currently available for evaluating variations, which is a serious problem in developing
DRAM. Although the average leakage current from a test element group has been used as an index for
determining cell leakage, it does not provide the distribution of unit cell leakage current. We find that
cell leakage distribution can be calculated from the slope of the retention time-fail bit plot (defined as
TF slope). A steep slope indicates a narrow cell leakage distribution, which corresponds to a narrower
structural distribution, and therefore a long tREF. Using statistical models and experiments based on
extensive data, our results confirm this relationship. Another impact and contribution of TF slope are that
the development period can be saved because a wrong decision (which process is better) can be avoided.
This method is used successfully as an indicator to estimate selected processes and to facilitate DRAM
development.

INDEX TERMS DRAM, cell transistor, leakage current distribution, gate-induced drain leakage cur-
rent (GIDL), process variation, refresh time, time-fail bit plot (TF slope), retention time.

I. INTRODUCTION
Leakage current is very sensitive to structural variations. It
is exponentially proportional to the electric field (e-field),
which depends on the distance between each node. Cell
structure distributions determine cell characteristics such as
leakage current and refresh time (tREF). The tREF is a sig-
nificant factor in dynamic random-access memory (DRAM)
chip performance. DRAM developers have struggled to find
a proper index for analyzing leakage current that could define
the outer bounds of tREF.
The leakage current of extreme tail cells (i.e., 10−7−10−5

probability) can be very large (more than 10-100 times the
average leakage current) [1]. Because extreme tail cells have
a relatively short retention time, they determine tREF of
a DRAM chip. Here retention time means how long a cell
can hold data. Some cells with excessive leakage currents
generate failure data-bit address (FBT), which means defec-
tive cells. This case is known as a tail bit. If the proportion

of tail bits exceeds several thousand per gigabit (Gb), redun-
dancy resources can be completely spent, and result in the
DRAM chip no longer functioning.
The gate-induced drain leakage current (GIDL) is known

to be major cell leakage current. To monitor GIDL, a test
element group (TEG) is used. However, GIDL of a unit cell
is so small (0.1–10 fA/cell) that it is impossible to measure
each cell leakage current. A cell array block in TEG com-
prises many cells (>100,000 approximately), with a total
leakage current greater than the measurement limitations of
the instrument (approximately 10 pA). Thus, we can obtain
the average GIDL (total leakage current divided by the num-
ber of cells of array in TEG). Currently, GIDL in TEG is
the only indicator for predicting tREF. However, the average
GIDL cannot give any information regarding GIDL distri-
bution (i.e., the large leakage current of extreme tail cells).
Therefore, mismatches between the average GIDL in TEG
and tREF has been reported [2]. Using statistical models and
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FIGURE 1. (a) Transmission electron microscope (TEM) image of DRAM
cells. There is always structure and process-induced variations. Ideally,
gate materials in a buried-channel-array transistor (BCAT) have a uniform
depth. However, depths actually differ from each other because of process
variations. (b) The overlap length between drain node and gate edge (Lov)
in a DRAM cell transistor.

experimentation, this study is the first to analyze the rea-
son for this mismatch between GIDL in TEG and tREF and
calculate large cell leakage current at low probability which
determines tREF, Additionally, we propose a new index for
evaluating structural distribution, which is a crucial index for
analyzing structure/process variations. We also study the cell
variations that affect tREF and investigate how to evaluate
this distribution.

II. CELL LEAKAGE MECHANISM AND STRUCTURAL
VARIATIONS
Hurkx et al.’s [3] model explains the cell leakage mecha-
nism as being related to trap energy level, trap density, and
e-field. If a stronger e-field exists in the source or drain of
the cell (S/D), it may induce a large leakage current and
seriously degrade tREF. Structural variations always exist in
DRAM cell arrays, inducing the leakage current distribution
(Fig. 1(a)). The leakage current (i.e., GIDL) is exponentially
proportional to the overlap length between drain node and
gate edge (Lov), because Lov affects the electric field as
shown in Fig. 1(b). Fig. 2 shows the experimental results of
the relationship between GIDL and Lov in a DRAM cell tran-
sistor. Therefore, structural variations induce Lov variations,
which is the main factor in leakage current variations.
Leakage current is a function of the number of defects, trap

energy level, and e-field [3]. Each factor is assumed to have
a normal Gaussian distribution in DRAM cells. Therefore,
the leakage current distribution should follow a lognormal
distribution, as shown in Fig. 3 [4]. Leakage distribution orig-
inates from structural variations. Several methods, including
indirect methods, can be used to measure the leakage current
distribution. Images from the transmission electron micro-
scope (TEM) or the scanning electron microscope (SEM)

FIGURE 2. Average GIDL increases exponentially with Lov (experimental
data). Average GIDL and Lov are measured with TEG. Lov is calculated from
overlap capacitance between gate and drain (indirect method).

FIGURE 3. Lognormal distribution in a DRAM cell. Every transistor leakage
current follows a lognormal distribution.

can provide direct information about the vertical cell struc-
tures influencing cell leakage (Figs. 1(a) and 1(b)), but these
images cannot be used to quantify leakage current.
Another method is to measure cell array leakage using

TEG (Fig. 4), as mentioned above. Since each cell current
is so small (lower than the limitations of the measurement
instrument), in order to measure cell leakage (specifically,
GIDL), many cells (over 100,000) are combined. The gates
of each cell are combined and the same voltage can be
applied to the gates (negative bias is applied in order to
measure GIDL). All drains are combined as well. Although
the GIDL of each cell is very small, GIDL in an array cell is
sufficiently large to measure. If the measured leakage current
is divided by the number of array cells, the average GIDL
can be determined. This is a typical way to measure GIDL.
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FIGURE 4. Schematic of a TEG module. TEG is typically located in the
scribe lane. Average GIDL and Lov can be measured with TEG.

TEG is the only tool used to directly measure cell leak-
age. In general, the retention time of each cell is inversely
proportional to leakage current because the charge of each
cell capacitor can be eliminated by leakage current from cell
transistor. However, there can be discordance between aver-
age GIDL from TEG and tREF from DRAM chip (Fig. 5),
which means that the relationship between tREF and average
leakage current cannot be simply predicted. Ion implantation
process (iip) can affect cell leakage current, too. The S/D
iip process (Process A) can make the S/D doping profile
broad, which causes a weak e-field when voltage is applied.
Therefore, the GIDL of Process A becomes smaller than that
of the no S/D iip process (Process B) because the e-field at
S/D of Process B increases due to the abrupt doping profile.
However, contrary to the expectation, the tREF of Process
A is shorter than that of Process B. This phenomenon can be
explained by the distribution of cell leakage. As mentioned
above, a GIDL determined from TEG reveals only an average
value. S/D iip cannot help inducing severe random dopant
fluctuation (RDF) due to high ion implantation energy [5].
Dopant distribution from RDF causes Lovdistribution, which
becomes the main reason of cell leakage current distribu-
tion. The average GIDL at Fig. 5 is measured from TEG,
which means average cell leakage current. Though Process
A has low e-field (i.e., low average GIDL), it can be affected
by severe RDF (i.e., large cell leakage current distribution).
With Process A, the tREF can be improved as S/D iip energy
decreases. The tREF with Process B also increases as drain
etch depth becomes shallow as shown in Fig. 5.
Although it is crucial to identify the leakage distribution in

chip, it is very difficult to measure it using TEG. Therefore,
a novel model should be considered with statistics. Cell
leakage has a lognormal distribution (Fig. 3) and ranges
from a very small (<0.1 fA) to a very large (hundreds of fA)

FIGURE 5. tREF vs. GIDL plot. The GIDL (X axis) is measured from TEG in
this plot. Theoretically, tREF should be inversely proportional to
GIDL. However, Process B does not follow this trend.

leakage current in the DRAM cell arrays, which consist of
several Gb.

III. LEAKAGE DISTRIBUTION
If a unit cell loses its data because of leakage, its results can
be counted as an FBT with retention time. Although leak-
age current depends on e-field and defect density, it varies
from cell to cell because of structural variations. Leakage
current is exponentially related to e-field, and defect and
e-field are assumed to have normal Gaussian distributions in
the DRAM chip. Therefore, the leakage current distribution
follows a lognormal distribution [4].
Fig. 6 shows how the leakage current distribution influ-

ences the fail bit-retention time plot. As the cell leakage
distribution worsens (i.e., the standard deviation (σ) grows),
the extreme tail cells have a higher leakage current, even for
a smaller mean value (μ).

Fig. 7 shows the simulated plots. Lognormal distributions
with different μ and σ values are determined by statisti-
cal theory [6]. As mentioned above, a very high leakage
current in extreme tail cells causes a low tREF. We define
the slope herein as the time–FBT slope (TF slope), and
1/σ is proportional to the TF slope in the low CDF region
(<10−5), as shown in Fig. 7. The TF slope indicates the
retention time variation of tail cells and indicates cell leak-
age current variations. Because process-induced structural
variations influence the leakage current distribution, it is
possible to estimate process stability based on the TF slope.
The mismatch between GIDL in TEG and tREF (Fig. 5) can
be understood by the TF slope. In Fig. 8, he cell leakage
distribution plot changes with standard deviation. Inverse
error function can be expressed as many ways [7]. Because
the interested region is focused on extremely low proba-
bility (< 10−5; < 10,000 fail bits out of 1giga bits), the
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FIGURE 6. The relation between the leakage current distribution and fail
bit plot with retention time. The μ and σ are arbitrarily chosen for
understanding.

FIGURE 7. Simulated lognormal distribution with different mean value (μ)
and standard deviation (σ ). The x-and y-axes are the log scales of time and
CDF, respectively.

approximate expression is selected as a logarithmic function.
We use a data analysis software such as Origin [8] which
can be much simpler than Maclaurin series in this region.
A small variation causes the retention time–FBT plot to have
a steeper slope.

IV. IMPACT AND CONTRIBUTION
In Fig. 9, the TF slopes of Processes A and B (from
Fig. 5) are compared. The TF slope of Process B is
much steeper than that of Process A. Thus, Process B has
smaller variations, although their average leakage currents

FIGURE 8. The relationship between the 1/(TF slope) and standard
variation. This relationship has been demonstrated statistically and
experimentally. Inverse error function can be expressed as many ways. In
this approximate expression, a logarithmic function is selected which is
extracted using a data analysis software such as Origin [8].

FIGURE 9. The TF slopes for each process are compared; As S/D iip energy
or contact etch depth decreases, the TF slope increases (i.e., the
distribution is improved).

(i.e., GIDL in TEG) are larger than that of Process A. The
DRAM tREF increases with the TF slope.
Process variation or damages are estimated with TF slope.

Drain contact node depth variation induced by process affects
cell leakage variation obviously as mentioned before. The
drain node depth can be measured with a bunch of TEM
images (more than 100 points). The sigma of node depth is
well matched with TF slope as shown in Fig. 10. TF slope
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FIGURE 10. The TF slopes with process variation. Process window can be
provided with TF slope.

can provide the process guideline. In DRAM development,
process with low TF slope has been excluded, therefore the
development period can be saved because a wrong decision
(which process is better) can be avoided.
Thus, the TF slope can play an important role in estimat-

ing new processes (e.g., S/D iip or drain node contact etch
process, see Figs. 9 and 10) with respect to the distribu-
tion, and provides the first proper index for doing so. This
development represents a significant advance.

V. CONCLUSION
In this paper, we demonstrate for the first time that the TF
slope is an outstanding index for evaluating cell leakage dis-
tributions induced by structural/process variations. Because
retention time is directly derived from cell leakage, the stan-
dard variation of the leakage current is inversely proportional
to the slope of the retention time–the FBT plot. To date,
GIDL in TEG has been the only measurement available for
estimating cell leakage currents. But this measurement pro-
vides only the average leakage current of the cell array and
yields no information about any extreme tail cell leakage.
As a result, undesirable processes may be chosen, which
could delay project development. We explained the mismatch
between GIDL in TEG and tREF in this study. GIDL in TEG
indicates only an average leakage current, but tREF is deter-
mined by the extreme cell leakage (i.e., distribution). Despite
the process selected to decrease the average leakage current
(low GIDL in TEG), tREF can be low if its process has
a large distribution. Low TF slope indicates large process
variations.
The TF slope is a very effective indicator for esti-

mating processes in terms of the cell leakage distribu-
tion. The TF slope represents a significant contribution
to DRAM development and contributes DRAM lead time
reduction.

REFERENCES
[1] T. Umeda et al., “Single vacancy-oxygen complex defect and vari-

able retention time phenomenon,” in Proc. Gordon Res. Conf. Defects
Semicond. Silicon LSI Memories, 2006.

[2] S. Yamada, M. H. Cho, N. Jeon, and M. Jeong, “Annual report
semiconductor R&D (2013), SEC internal use,” 2013.

[3] G. A. M. Hurkx, H. C. de Graaff, W. J. Kloosterman, and
M. P. G. Knuvers, “A new analytical diode model including tunneling
and avalanche breakdown,” IEEE Trans. Electron Devices, vol. 39,
no. 9, pp. 2090–2098, Sep. 1992.

[4] R. Rao, A. Srivastava, D. Blaauw, and D. Sylvester, “Statistical esti-
mation of leakage current considering inter- and intra-die process
variation,” in Proc. ISLPED, 2003, pp. 84–89.

[5] N. Damrongplasit, S. H. Kim, and T.-J. K. Liu, “Study of random
dopant fluctuation induced variability in the raised-Ge-source TFET,”
IEEE Electron Device Lett., vol. 34, no. 2, pp. 184–186, Feb. 2013.

[6] E. Limpert, W. A. Stahel, and M. Abbt, “Log-normal distributions
across the sciences: Keys and clues,” BioScience, vol. 51, no. 5,
pp. 341–352, 2001.

[7] L. Carlitz, “The inverse of the error function,” Pac. J. Math., vol. 13,
no. 2, pp. 459–470, 1963.

[8] Origin 9.1, OriginLab Corporat., Northampton, MA, USA, 2013.

MIN HEE CHO received the B.S. degree
(summa cum laude) from Yonsei University,
Seoul, South Korea, the M.S. degree from
the Korea Advanced Institute of Science and
Technology, Daejeon, South Korea, and the Ph.D.
degree from the University of California, Berkeley,
CA, USA, in 2012. He has been engaged in the
research on advanced device technologies such
as SOI, TFET, and capacitorless DRAM. He
was a DRAM Process Integration Engineer with
Samsung Electronics Company Ltd., from 2000 to

2007, where he is a Principal Engineer with the Technology Planning
Team, Semiconductor Research and Development Center. He was a short
course Lecturer at the 23rd the Korean Conference on Semiconductors in
2016. He was involved in the development of DRAM integration using
sub-20-nm technology nodes. He was also one of the main members to
develop recess channel array transistor in DRAM. He has authored or co-
authored 30 papers. He holds over 27 U.S. patents and 37 Korean patents.
His current research interests include the next generation DRAM and future
semiconductor technologies.

NAMHO JEON received the B.S. degree in
electrical engineering from Yonsei University,
Seoul, South Korea, in 2007, and the M.S.
degree in electrical engineering from KAIST,
Daejeon, South Korea, in 2009. Since 2009,
he has been with the Semiconductor Research
and Development Center, Samsung Electronics
Company Ltd., Hwaseong, South Korea, where
he has researched on the development of the
DRAM device technology. His research interests
are the device design, characterization, modeling,

and reliability for DRAM memory devices and future memory devices.

TAEK YONG KIM received the B.S. degree from
Hanyang University, Seoul, South Korea, in 2011,
the M.S. degree from the Korea Advanced Institute
of Science and Technology, Daejeon, South Korea.
In 2013, he joined the Semiconductor Research
and Development Center, Samsung Electronics
Company Ltd., Hwaseong, South Korea, where
he engaged in the research and development of
the device technology for DRAM. He is currently
researching on the development of characteristics
and reliability of transistor for high speed and low
power DRAM.

498 VOLUME 6, 2018



CHO et al.: INNOVATIVE INDICATOR TO EVALUATE DRAM CELL TRANSISTOR LEAKAGE CURRENT DISTRIBUTION

MOONYOUNG JEONG received the B.S. degree
in physics from Sogang University, Seoul,
South Korea, in 1994, and the M.S. and Ph.D.
degrees in electrical and electronics engineer-
ing from the Pohang University of Science and
Technology, Pohang, South Korea, in 1997 and
2001, respectively. His doctoral research was in
the area of semiconductor nanostructures, espe-
cially focusing on modeling and simulation of
single electron memory cell and circuits composed
of single electron transistors. He joined Samsung

Electronics Company Ltd., Hwaseong, South Korea, in 2001, where he has
been engaged in the research and development of DRAM device technolo-
gies. He is currently in charge of developing and characterizing devices for
sub-20-nm generation DRAMs. His research interests include process design
and characterization of memory devices, high speed and low power memory
device development, and memory customization for future applications.

SUNGSAM LEE received the B.S. degree
in physics from Inha University, Incheon,
South Korea, in 1998, and the Ph.D. degree in
physics from POSTECH, Pohang, South Korea,
in 2003. From 2003 to 2017, he was with the
Semiconductor Research and Development Center,
Samsung Electronics Company Ltd., Hwaseong,
South Korea. He has researched on the develop-
ment of the next generation of DRAM device tech-
nology. He has authored or co-authored 14 papers.
He holds over 16 U.S. patents and 20 Korean

patents. His research interests are the characterization and modeling for the
cell array transistor of DRAM and future devices.

JONG SEO HONG received the B.S. degree from
Korea University, Seoul, South Korea. He joined
the Semiconductor Research and Development
Center, Samsung Electronics Company Ltd.,
South Korea, in 1989, where he is currently the
Vice President, and in charge of the Technology
Planning Team, engaged in the process devel-
opment and fabrication management. He was in
charge of the Process Innovation Team in 2013,
and advanced core equipment engineering and
development project in 2014.

HYEONG SUN HONG received the B.S. and M.S.
degrees in applied physics from Inha University,
South Korea, in 1986 and 1988, respectively.
From 1988 to 2002, he mainly researched on
DRAM technology development as a Process
Integration Engineer with Hynix. He joined
Samsung Semiconductor Division, in 2003, and
researched with the DRAM Process Architecture
Department for Mass Production. He moved to
Semiconductor Research and Development Center,
Samsung Electronics Company Ltd., in 2006 and

involved in DRAM technology development from 35- to 18-nm technology,
where he is currently a Manager, and in charge of development for next
generation DRAM.

SATORU YAMADA received the B.S. degree in
electronics, the M.S. degree in crystalline mate-
rials science, and the Ph.D. degree in electronics
from Nagoya University, Nagoya, Japan, in 1987,
1989, and 1992, respectively. In 1989, he joined
Hitachi Ltd., Tokyo, Japan. From 1989 to 1995,
he researched on research of process inspection
technologies with the Device Development Center,
where he was involved in research and develop-
ment of device design and process integration for
DRAM technologies from 1995 to 2000. In 2004,

he joined Samsung Electronics Company Ltd., Hwaseong, South Korea,
where he has researched the reliability of DRAM transistors in the
Semiconductor Research Laboratory. He is currently engaged in technology
development of 10-nm generation DRAM. From 2011 to 2015, he served
IEDM as a member of Characterization, Reliability and Yield Committee,
and the Chair of the committee and Short Course Chair in Executive
Committee. Since 2016, he has been a member of Industrial Advisory
Committee of EDTM.

VOLUME 6, 2018 499



<<
  /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
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingBats
    /ZapfDingbatsITCbyBT-Regular
    /ZWAdobeF
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


