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Resistive-Memory Embedded
Unified RAM (R-URAM)

Sungho Kim, Sung-Jin Choi, and Yang-Kyu Choi

Abstract—A disturb-free unified RAM (URAM) is demon-
strated. It consists of a nonvolatile memory (NVM) and a capac-
itorless dynamic random access memory (DRAM) in a single-cell
transistor. The NVM function is achieved by the resistive switch-
ing of an Al2O3 film, and the capacitorless DRAM operation is
attained by hole accumulation in a floating body. A property of
resistive switching—an abrupt change of the bistable resistance
state at a specific voltage—permits a high level of immunity to
disturbances between NVM and capacitorless DRAM (1T-DRAM)
operations compared to the previously proposed URAM whose
NVM characteristics originate from charge trapping in the oxide/
nitride/oxide layer.

Index Terms—Capacitorless dynamic random access memory
(1T-DRAM), disturb-free, dynamic random access memory
(DRAM), nonvolatile memory (NVM), resistance random ac-
cess memory (RRAM), resistive-memory embedded unified RAM
(R-URAM), soft programming, unified RAM (URAM).

I. INTRODUCTION

T ECHNOLOGY related to the multipurpose integration
of various circuits in a single chip is required for an

embedded system. In a memory block, however, the integration
of nonvolatile memory (NVM) and dynamic random access
memory (DRAM) in the same substrate is difficult due to poor
process compatibility. To overcome this problem, unified RAM
(URAM) has been proposed and demonstrated in a cell level
[1]–[5]. URAM is composed of both NVM and capacitorless
DRAM (1T-DRAM) in a single cell. NVM in URAM was
achieved by the employment of discrete charge storage nodes:
an oxide/nitride/oxide (O/N/O) [1]–[5] layer or floating metal
nanocrystals [6]. In URAM, two operation modes are distin-
guished according to the applied bias. In a URAM-embedded
system-on-chip (SoC), URAM offers efficient storage capac-
ity because the designer can dynamically allocate the storage
capacity for each NVM or 1T-DRAM according to the user’s
demands [5].

To operate two distinctive functions in a single URAM cell
individually, the operating bias of the NVM mode should not
affect the 1T-DRAM characteristics. Equivalently, the operat-
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ing bias of the 1T-DRAM mode should not affect the NVM
performance. However, in the case of existing URAM, unde-
sirable electron trapping into the charge storage node (O/N/O)
occurred in the 1T-DRAM mode operation as a result of the
impact ionization process for 1T-DRAM programming (known
as soft programming) [1], [5]. As the programming voltage for
1T-DRAM is increased, more soft programming occurs, dis-
turbing the NVM state. When the programming voltage for 1T-
DRAM is low, however, programming efficiency is degraded.
Therefore, the soft programming problem should be resolved
for multifunctional operation in a single cell.

Recently, resistance random access memory (RRAM) with a
metal–insulator–metal (MIM) structure has attracted consider-
able attention due to its potential to replace conventional Flash
memory in next-generation NVM applications [7], [8]. In this
paper, a new type of URAM is demonstrated: RRAM based on
resistive switching of an Al2O3 film for NVM function instead
of a charge storage node, as used in previous structures. The
NVM function by an abrupt change of the bistable resistance
at a specific voltage provides disturb-free two-mode operations
between NVM and 1T-DRAM superior to the NVM function
resulting from the trapped charges in the preceding URAM.
This inherent disturb-free property originates from both the
different operational voltage domain and the distinguished
operational principles: resistive switching for NVM and a
floating-body effect for 1T-DRAM, which is caused by impact
ionization or gate-induced drain leakage.

II. DEVICE DESIGN AND FABRICATION

Fig. 1(a) shows a schematic of the proposed resistive-
memory embedded URAM (R-URAM) device structure. A
p-type (100) SOI wafer was used as a substrate. The source
and drain were formed by conventional ion implantation and
thermal activation, and a gate dielectric of 5 nm thickness
was then thermally grown. Subsequently, an aluminum gate
(gate 1) with a thickness of 250 nm was formed by sputtering,
photolithography, and a conventional wet-etching method. The
gate 1 component fulfills the same role as a conventional
MOSFET gate, i.e., it controls the operation of the 1T-DRAM.
For the NVM function, Al2O3 film was deposited on Gate-1
via atomic layer deposition. Al2O3 thin films were deposited
using Al(CH3)3 (trimethylaluminum) as a metal source and
(CH3)2CHOH (isopropylalcohol) as an oxygen source at
250 ◦C. The film growth rate was 0.8 Å/cycle. The as-deposited
film had a stoichiometry close to that of Al2O3.3, as determined
from an X-ray photoelectron spectroscopy analysis. In addition,
a second gate (gate 2) was formed using a method that is
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Fig. 1. (a) Schematic of the proposed R-URAM. (b) TEM image of the
structure.

Fig. 2. (a) Schematic layout of R-URAM cell arrays. (b) Cross-sectional
schematics of the a–a′ and b–b′ directions.

identical to that used with gate 1. The Al2O3 film, used as
a resistive switching material, and the NVM operation were
controlled by gate 2 in gate 2/Al2O3/gate 1 of the MIM struc-
ture. Fig. 1(b) shows a transmission electron microscope (TEM)
image of the fabricated device structure.

Fig. 2 shows a suitable layout of the proposed R-URAM cell
array and cross-sectional views. Gate 2 and the drain are com-
monly connected to the bit line, whereas the source is connected
to a source line of a common ground. Between gate 2 and gate 1,
a resistive switching material (Al2O3) layer is inserted. The
cell size of the unit R-URAM can be as small as 8 F2.

III. RESULTS AND DISCUSSION

Fig. 3(a) and (b) shows representative current–voltage (I–V )
characteristics of the fabricated device. From the measured
drain voltage–drain current characteristics, the observed kink
verifies that the holes were accumulated in the SOI substrate

Fig. 3. (a) Measured gate voltage–drain current characteristics. (b) Measured
drain voltage–drain current characteristics. A kink appears as a result of
excessive hole accumulation.

Fig. 4. (a) Typical I–V curve of the gate 2/Al2O3/gate 1 device (an RRAM
device based on a MIM structure). The inset represents the cumulative prob-
abilities of VSET and VRESET. (b) Retention and endurance characteristics.
In the data retention characteristics for HRS and LRS, the resistance values in
HRS and LRS were read at 0.1 V at 85 ◦C.

for 1T-DRAM operation. Even though the device dimension is
somewhat large, it would not hamper the main attribute of R-
URAM, i.e., a disturb-free multiple functionality.

Fig. 4(a) shows the typical I–V characteristics of the RRAM
devices, which are composed of gate 2/Al2O3/gate 1. For
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Fig. 5. Measured source current of 1T-DRAM operation. A sensing window
of 47 µA is attained at VSUB = −15 V.

NVM mode operation, a bias voltage is applied to gate 2
(= bit line) while gate 1 (= word line) is grounded. The state is
switched from a high-resistance state (HRS) to a low-resistance
state (LRS) by VSET and from an LRS to an HRS by VRESET.
Compliance current of 10 mA is applied to prevent device
breakdown. The resistance ratio of the HRS to LRS is larger
than 104 at a reading voltage of 0.1 V. The resistive switching
mechanism of the Al2O3 was based on conducting filaments,
which were formed or ruptured at certain voltages. The abrupt
change of current observed at VSET and VRESET in Fig. 4(a)
is a typical characteristic by filamentary resistive switching
[9], [10]. The retention characteristic of the fabricated devices
in HRS and LRS was measured and is shown in Fig. 4(b).
No significant changes in the resistance in the HRS and LRS
were observed at 85 ◦C for more than 105 sec. Moreover, the
resistance ratio between the HRS and LRS is larger than 103

even after 105 switching cycles, and reliable resistive switching
characteristics can be obtained.

R-URAM might have a concern in the scalability issue
arising from the high set voltage and reset current in the RRAM
device. But it should be pointed out that they were not the
common problems in reported conventional RRAM. From other
reported data, the reset current was sufficiently reduced as a
device area was decreased [11]. Only the reset current of 10 µA
is needed for reset operation in the size of 100 nm × 100 nm
cell. In addition, the set voltage had been controlled very
well in the range of 1.5–2 V [11], [12]. For the 1T-DRAM
programming operation, impact ionization process is employed
and it requires high drain bias which is larger than 1.5 V.
Therefore, the authors expect that the set voltage of RRAM
does not limit the scalability of R-URAM even though our
work in RRAM part did not show the comparable performances
compared to other RRAM. Moreover, it is expected that there
is enough room for the reset current to be scaled down further.

Fig. 5 shows the programming/erasing (P/E) characteristics
in the 1T-DRAM mode. Hole generation by impact ionization
was used for programming and the current by the forward bias
in p-n junction was utilized for erasing. The P/E states are
clearly distinguished with a sensing window of 47 µA at a P/E
speed of 50 ns. It should be noted that the SET process occurs
in the Al2O3 layer when the applied bias between gate 1 and

Fig. 6. Program bias map for NVM and 1T-DRAM. Distinctive operation is
verified at each P/E bias condition.

gate 2 (= drain) is larger than 2.5 V, as shown in the inset
of Fig. 4(a). This implies that the NVM state can be changed
from an HRS to an LRS if the applied bias for 1T-DRAM
operation is larger than 2.5 V. Therefore, for an inherent dis-
tinction between the NVM and 1T-DRAM modes, the proper
bias condition of the 1T-DRAM mode should be carefully
selected to avoid an undesired SET process of the Al2O3 film.
In this paper, programming voltages of Vgate 1,PGM = 1 V and
VD,PGM = 2.5 V were used for hole generation, and erasing
voltages of Vgate-1,ERS = 1 V and VD,ERS = −1 V were set for
hole elimination. The read voltages were Vgate 1,READ = 1 V
and VD,READ = 0.5 V, respectively. A pulse wave form for
programming, erasing, and reading in 1T-DRAM is shown in
the inset of Fig. 5. Under these bias conditions for the 1T-
DRAM mode, the Al2O3 layer can maintain an HRS during
1T-DRAM operation, because the maximum voltage difference
between gate 1 and gate 2 (= drain) is less than 2.5 V. However,
because VRESET is about 1 V, as shown in the inset of Fig. 4(a),
the P/E bias in the 1T-DRAM mode operation can disturb the
LRS of the Al2O3. Therefore, the initial state of the Al2O3

should be at the HRS during 1T-DRAM operation.
In Fig. 6, available bias ranges are mapped from the mea-

sured data. Above 2.5 V between the word line and the bit line,
the SET process occurs for NVM programming. Apart from the
VSET of the RRAM region, 1T-DRAM can be operated without
disturbances that affect the NVM states. Therefore, the afore-
mentioned soft programming problem is no longer a concern
in URAM operation due to the abrupt change of the bistable
resistance state at a specific voltage range of the Al2O3 film. A
more customized bias domain can be offered for increasing the
1T-DRAM sensing window in the bias map relative to that of
the preceding URAM based on an O/N/O layer.

Recently, one possible method for a disturb-free URAM
operation has been reported [13]. However, the work in [13]
could not remove the soft programming problem completely
but could alleviate it. On the contrary, in the case of R-URAM
operation, there is no soft programming problem at all. Abrupt
resistance change at specific voltage can remove the possible
occurrence of the soft programming perfectly. Therefore, the
concept of R-URAM has a satisfactory merit in aspect of
multifunctioning operation in a single cell.
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Fig. 7. (a) Possible reading interference of NVM function in an array
consisting of 2 × 2 R-URAM cells without switching elements. (b) In-
serted diode prevents unwanted current path during the reading operation for
NVM mode.

IV. FURTHER WORK

Fig. 7(a) shows the proposed R-URAMs in the form of 2 ×
2 arrayed cells. A resistor represents the RRAM device com-
posed in gate 2/Al2O3/gate 1. As mentioned in Section III, 1T-
DRAM operation can be clearly distinguished if the resistance
state of the Al2O3 maintains an HRS. However, in the NVM
operation, one problem remains: As shown in Fig. 7(a), when
one wants to read information at an HRS in the target cell
surrounded by three adjacent cells at an LRS, the reading
current can easily flow through the surrounding cells at LRS,
and thus, erroneous LRS information can be transmitted. This
is known as the “sneaky path.” Therefore, the sneaky paths
should be rectified by adding an appropriate switching element.
Implementation of an extra switching element for a RRAM
arrayed cell to avoid the sneaky path is an ongoing area of
research, and there is no promising solution yet. Conceiv-
able candidates for the switching element are a diode [12]
and a transistor [14]. The diode is the preferable choice as
a proper switching element in the proposed R-URAM with
consideration of the device structure, although it has not yet
been implemented onto the R-URAM. Extra layers for diode
operation [12], [15], [16] inserted between Al2O3 and gate 1
can serve as a switching element, as shown in Fig. 7(b), and
can inhibit electrical short via the sneaky path among adja-
cent cells.

V. CONCLUSION

R-URAM composed of NVM based on RRAM and 1T-
DRAM in a single cell has been demonstrated. The inherent
bias domain enabled distinct operations of the NVM and the
DRAM by means of different operation mechanisms. R-URAM
showed no soft programming problem between NVM and 1T-
DRAM operations. Therefore, a more customized bias domain
can offer an increased 1T-DRAM sensing window in the bias
map. The newly developed structure is expected to become
an attractive device for fusion-embedded memory and SoC
applications.

REFERENCES

[1] J.-W. Han, S.-W. Ryu, C. Kim, S. Kim, M. Im, S. J. Choi, J. S. Kim,
K. H. Kim, G. S. Lee, J. S. Oh, M. H. Song, Y. C. Park, J. W. Kim,
and Y.-K. Choi, “A unified-RAM (URAM) cell for multi-functioning
capacitorless DRAM and NVM,” in IEDM Tech. Dig., 2007, pp. 929–932.

[2] J.-W. Han, S.-W. Ryu, S. Kim, C.-J. Kim, J.-H. Ahn, S.-J. Choi,
K. J. Choi, B. J. Cho, J. S. Kim, K. H. Kim, G. S. Lee, J. S. Oh,
M. H. Song, Y. C. Park, J. W. Kim, and Y.-K. Choi, “Band offset
FinFET-based URAM (unified-RAM) built on SiC for multi-functioning
NVM and capacitorless 1T-DRAM,” in VLSI Symp. Tech. Dig., 2008,
pp. 200–201.

[3] J.-W. Han, S.-W. Ryu, S. Kim, C.-J. Kim, J.-H. Ahn, S.-J. Choi,
J. S. Kim, K. H. Kim, G. S. Lee, J. S. Oh, M. H. Song, Y. C. Park,
J. W. Kim, and Y.-K. Choi, “A bulk FinFET unified-RAM (URAM) cell
for multi-functioning NVM and capacitorless 1T-DRAM,” IEEE Electron
Device Lett., vol. 29, no. 6, pp. 632–634, Jun. 2008.

[4] J.-W. Han, S.-W. Ryu, C.-J. Kim, S. Kim, M. Im, S.-J. Choi, J. S. Kim,
K. H. Kim, G. S. Lee, J. S. Oh, M. H. Song, Y. C. Park, J. W. Kim,
and Y.-K. Choi, “Partially-depleted SONOS FinFET for unified-RAM
(URAM)—Unified function for high speed 1T-DRAM and non-volatile
memory,” IEEE Electron Device Lett., vol. 29, no. 7, pp. 781–783,
Jul. 2008.

[5] J.-W. Han, S.-W. Ryu, S. Kim, C.-J. Kim, J.-H. Ahn, S.-J. Choi,
K. J. Choi, B. J. Cho, J. S. Kim, K. H. Kim, G. S. Lee, J. S. Oh,
M. H. Song, Y. C. Park, J. W. Kim, and Y.-K. Choi, “Energy band
engineered unified-RAM (URAM) for multi-functioning 1T-DRAM and
NVM,” in IEDM Tech. Dig., 2008, pp. 227–230.

[6] S.-W. Ryu, J.-W. Han, C.-J. Kim, S. Kim, and Y.-K. Choi, “Unified
random access memory (URAM) by integration of a nanocrystal float-
ing gate for nonvolatile memory and a partially depleted floating body
for capacitorless 1T-DRAM,” Solid State Electron., vol. 53, no. 3,
pp. 389–391, Mar. 2009.

[7] W. W. Zhuang, W. Pan, B. D. Ulrich, J. J. Lee, L. Stecker, A. Burmaster,
D. R. Evans, S. T. Hsu, M. Tajiri, A. Shimaoka, K. Inoue, T. Naka,
N. Awaya, K. Sakiyama, Y. Wang, S. Q. Liu, N. J. Wu, and A. Ignatiev,
“Novel colossal magnetoresistive thin film nonvolatile resistance random
access memory (RRAM),” in IEDM Tech. Dig., 2002, pp. 193–196.

[8] I. G. Baek, M. S. Lee, S. Seo, M. J. Lee, D. H. Seo, D. S. Suh,
J. C. Park, S. O. Park, H. S. Kim, I. K. Yoo, U. I. Chung, and
J. T. Moon, “Highly scalable non-volatile resistive memory using simple
binary oxide driven by asymmetric unipolar voltage pulses,” in IEDM
Tech. Dig., 2004, pp. 587–590.

[9] S. Seo, M. J. Lee, D. H. Seo, E. J. Jeoung, D.-S. Suh, Y. S. Joung,
I. K. Yoo, I. R. Hwang, S. H. Kim, I. S. Byun, J.-S. Kim, J. S. Choi,
and B. H. Park, “Reproducible resistance switching in polycrystalline NiO
films,” Appl. Phys. Lett., vol. 85, no. 23, pp. 5655–5657, Dec. 2004.

[10] B. J. Choi, D. S. Jeong, S. K. Kim, C. Rohde, S. Choi, J. H. Oh,
H. J. Kim, C. S. Hwang, K. Szot, R. Waser, B. Reichenberg, and
S. Tiedke, “Resistive switching mechanism of TiO2 thin films grown
by atomic-layer deposition,” J. Appl. Phys., vol. 98, no. 3, p. 033 715,
Aug. 2005.

[11] S.-E. Ahn, M.-J. Lee, Y. Park, B. S. Kang, C. B. Lee, K. H. Kim, S. Seo,
D.-S. Suh, D.-C. Kim, J. Hur, W. Xianyu, G. Stefanovich, H. Yin,
I.-K. Yoo, J.-H. Lee, J.-B. Park, I.-G. Baek, and B. H. Park, “Write current
reduction in transition metal oxide based resistance-charge memory,” Adv.
Mater., vol. 20, no. 5, pp. 924–928, 2008.

[12] M.-J. Lee, Y. Park, B.-S. Kang, S.-E. Ahn, C. Lee, K. Kim, W. Xianyu,
G. Stefanovich, J.-H. Lee, S.-J. Chung, Y.-H. Kim, C.-S. Lee, J.-B. Park,
I.-G. Baek, and I.-K. Yoo, “2-stack 1D-1R cross-point structure with oxide



2674 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 56, NO. 11, NOVEMBER 2009

diodes as switch elements for high density resistance RAM applications,”
in IEDM Tech. Dig., 2007, pp. 771–774.

[13] J.-W. Han, S.-W. Ryu, S.-J. Choi, and Y.-K. Choi, “Gate-induced
drain-leakage (GIDL) programming method for soft-programming free
operation in unified-RAM (URAM),” IEEE Electron Device Lett., vol. 30,
no. 2, pp. 189–191, Feb. 2009.

[14] Y. Sato, K. Tsunoda, K. Kinoshita, H. Noshiro, M. Aoki, and Y. Sugiyama,
“Sub-100- µA reset current of nickel oxide resistive memory through
control of filamentary conductance by current limit of MOSFET,” IEEE
Trans. Electron Devices, vol. 55, no. 5, pp. 1185–1191, May 2008.

[15] S. Moller, C. Perlov, W. Jackson, C. Taussig, and S. R. Forrest, “A
polymer/semiconductor write-once-read-many-times memory,” Nature,
vol. 426, no. 6963, pp. 166–169, Nov. 2003.

[16] Y. C. Shin, J. Song, K. M. Kim, B. J. Choi, S. Choi, H. J. Lee, G. H. Kim,
T. Eom, and C. S. Hwang, “ (In, Sn)2O3/TiO2/Pt Schottky-type diode
switch for the TiO2 resistive switching memory array,” Appl. Phys. Lett.,
vol. 92, no. 16, p. 162 904, Apr. 2008.

Sungho Kim received the B.S. and M.S. degrees
from the Korea Advanced Institute of Science and
Technology, Daejeon, Korea, in 2006 and 2008, re-
spectively, where he is currently working toward the
Ph.D. degree in electrical engineering.

His current research interests include resistance
random access memory.

Sung-Jin Choi received the B.S. degree in 2007
from Chung-Ang University, Seoul, Korea, and the
M.S. degree in 2008 from the Korea Advanced In-
stitute of Science and Technology, Daejeon, Korea,
where he is currently working toward the Ph.D.
degree in the Division of Electrical Engineering,
School of Electrical Engineering and Computer
Science.

His current research interests include mod-
eling of Schottky-barrier devices, analysis of
Schottky-barrier Flash memory, and nanofabrication

technology.

Yang-Kyu Choi received the B.S. and M.S. degrees
from the Seoul National University, Seoul, Korea, in
1989 and 1991, respectively, and the Ph.D. degree
from the University of California, Berkeley, in 2001.

He is currently an Associate Professor with
the Department of Electrical Engineering, Korea
Advanced Institute of Science and Technology,
Daejeon, Korea. From January 1991 to July 1997,
he was with Hynix Semiconductor Inc., Kyungki,
Korea, where he developed 4-, 16-, 64-, and 256-M
DRAM as a Process Integration Engineer. His re-

search interests include multiple-gate MOSFETs, exploratory devices, novel
and unified memory devices, nanofabrication technologies for bioelectronics as
well as nanobiosensors. He has also worked on reliability physics and quantum
phenomena for nanoscale CMOS. He is the author or a coauthor of over
100 papers. He is the holder of seven U.S. patents as well as 99 Korea patents.

Dr. Choi received the Sakrison Award from the Department of Electrical En-
gineering and Computer Sciences, University of California, Berkeley, in 2002,
for the best dissertation. His biographic profile was published in the 57th Mar-
quis Who’s Who in America. He was also the recipient of “The Scientist of the
Month for July 2006” from the Ministry of Science and Technology in Korea.



<<
  /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


