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Abstract—In this article, we evaluate gate induced 
drain leakage that affects the refresh time of buried 
cell array transistor DRAM cells. We proposed a 
multi-gate BCAT structure to minimize gate induced 
drain leakage and modified the select word-line 
circuit to operate multi-gate buried cell array 
transistor by adding only one PMOS. In the multi-
gate structure, by changing the gate voltage, the work 
function of the metal gate was adjusted to effectively 
mitigate the electric field formed in the drain region 
by approximately four orders. As an adopting multi-
gate structure, band to band tunneling is suppressed 
and gate induced drain leakage current is reduced. 
We verified that the dual-gate structure had less 
leakage current than the poly-Si BCAT using the 
TCAD simulation. The reduction of leakage 
according to the number of gates is inferred by 
confirming the reduction in GIDL of the three-gate 
structure compared with the dual-gate structure. 
Furthermore, the SPICE simulation confirmed that 
the proposed select word-line circuit transmits 
different optimized voltages to multiple gates when it 
is off than while transferring the same voltage when 
on. This structure can also be extended for 
application to other DRAM structures, such as the 
vertical structure and 3D-stacked DRAMs.    
 
Index Terms—Refresh time, gate induced drain 
leakage (GIDL), buried cell array transistor (BCAT), 
select word-line driver (SWD)    

I. INTRODUCTION 

Dynamic random access memory (DRAM), which is 
used as a main memory device, comprises a capacitor 
and an access transistor. As big data advances, demands 
for high-storage capacity and high-performance memory 
in DRAM has increased. Consequently, DRAM 
manufacturing process technology has achieved high 
density, enabling high-performance and high-storage 
capacity DRAM [1]. However, in the process of scaling-
down, the short channel effect (SCE) is caused by a 
decrease in the channel length [2, 3]. SCE results in 
poorer performance and reliability issues in DRAM 
because of an increase in the leakage current. To solve 
this problem, the cell transistor is developed from the 
planar to a buried cell array transistor (BCAT) structure, 
which has a buried gate for suppressing the leakage 
current by extending the effective channel length [4-7]. 
Punch through and DIBL were suppressed using the 
BCAT structure, but the gate induced drain leakage 
(GIDL) was not. GIDL is a tunneling effect that occurs 
mainly in regions where the drain and gate overlap. It 
occurs when the band gap is thinned owing to an abrupt 
voltage difference between the drain and the gate in the 
off state. The oxide thickness has been continuously 
decreasing due to scaling, it can easily lead to GIDLs. 
Therefore, the DRAM performance, especially refresh 
time (Tref) [8], is significantly influenced by GIDL [9]. 
To prevent tunneling, it is important to reduce the 
electric field formed in the drain region. 

In this study, we propose a multi gate BCAT structure 
and modified SWD circuit to suppress GIDL. The dual-
gate BCAT, which is a type of multi-gate BCATs, has 
two metal gates placed up and down. The upper gate, 



JOURNAL OF SEMICONDUCTOR TECHNOLOGY AND SCIENCE, VOL. 22, NO. 6, DECEMBER, 2022 453 

 

referred to as the bump gate (B-gate), adjusts the work-
function (WF) of the gate by applying an appropriate 
voltage that is different from the lower gate [10]; 
therefore, the electric field formed in the drain region is 
alleviated. To operate the dual-gate BCAT, two SWD 
circuits are required that apply different voltages to the 
two gates. Here, we present a circuit that operates by 
adding only one PMOS to the conventional SWD circuit. 

The multi-gate BCAT structure and proposed SWD 
circuit were verified using TCAD and SPICE simulations. 

II. DEVICE STRUCTURE AND SIMULATION 

SETUP 

A simulation was performed considering the 
terminologies and parameters of the BCAT structure at 
the 1y-nm technology nodes. 

The depth of the gate trench was 150 nm, the gate 
oxide thickness along the sidewall of the trench was 
8 nm, and the bottom of the trench was 5 nm. The 
drain/source doping depth was 56 nm. To evaluate the 
GIDL, we applied 4 V to the drain and -2 V~2 V to the 
lower gate, which is more severe than the actual DRAM 
operating conditions. In the TCAD device simulations, 
we incorporated the following models: 1) doping 
dependent Shockley-Read-Hall recombination; 2) band-
to-band tunneling (BTBT), 3) and continuously variable 
transmission (CVT). 

III. BCAT STRUCTURE 

The most important aspect of reducing the GIDL is to 
suppress the electric field in the drain region [11]. When 

turned off, a positive voltage is applied to the drain, and a 
negative voltage is applied to the gate. Therefore, the 
electric field formed in the drain region becomes stronger, 
especially between the drain region and the gate. This 
electric field can be reduced in the developed BCAT 
structure by using poly-Si, as shown in Fig. 2, 3 The 
poly-Si structure can alleviate the abrupt WF difference 
between the gate and the drain by placing the doped 
poly-Si on the gate. By adjusting the silicon’s WF to an 
appropriate value, the electric field of the drain region is 
decreased, and the GIDL is also reduced alongside the 
electric field. Fig. 5 showed that the WF of silicon was 
optimized around 4.0 eV. The WF of silicon is 
determined by the doping concentration, but theoretically, 
the reachable WF of silicon is 4.05 eV. Additionally, 
owing to the out dopant diffusion occurring in the 
fabrication process [12], the WF of silicon is 
significantly different from the optimized value. 
Therefore, optimization is impossible in a BCAT 
structure using doped poly-Si. 

Fig. 1. 2-D view of dual-gate BCAT structure. 
 

 

Fig. 2. 2-D view of Poly-Si BCAT structure. 
 

 

Fig. 3. I-V characteristic comparison between BCAT and Poly-
Si BCAT. 
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IV. PROPOSED MULTI-GATE STRUCTURE 

1. Dual-gate BCAT Structure 
 
As can be observed from the simulation of poly-Si 

BCAT, to effectively alleviate GIDL, a material with a 
WF value of approximately 4.0 is necessary between the 
gate and the drain. Therefore, another material is needed 
to overcome the limitations of the WF range of silicon. 
Fig. 1 shows the proposed dual-gate BCAT structure, 
which is a type of multi-gate BCAT. In this structure, the 
electric field is reduced by the B-gate instead of the 
doped poly-Si. The BTBT current can be expressed as 
(1) 

 

 expS
BTBT

S

E BI A w
B E

⎛ ⎞
= × × ⎜ ⎟

⎝ ⎠
 (1)  

 

B : tunneling constant   W : width of the device 
A : constant depletion depth  Es : large electric field 
 

To minimize the leakage current, the electric field 
formed in the A and B regions should be made uniform 
so that any one region is not excessive. To achieve this, it 
is necessary to adjust the WF by applying an appropriate 
voltage to the B-gate. We proceeded with the 
optimization by changing the voltage of the B-gate in the 
presented simulation environment. Fig. 6(a) shows the 
electric field changes in regions A and B when an 
optimized voltage was applied, compared with poly-Si 
BCAT. Fig. 7 shows the GIDL current according to the 
voltage. As shown in the graph presented, when a voltage 
of approximately 1.7 V at the B-gate is applied in a given 
environment, it was confirmed that the electric field is 
uniformly distributed to regions A and B, and the GIDL 
current is minimized. The optimized values are reduced 
by approximately four orders compared with the 
conventional values. 

 

Fig. 4. GIDL generation region of BCAT structure.  

 

Fig. 5. Results showing the optimization and actual reachable 
values when adjusting the WF of Poly-si in the off state (Vg = 
-2 V and Vd = 2 V). 

 

 

 

Fig. 6. The simulation result of GIDL in dual-gate BCAT 
structure: (a) E-field plot along the cut line in the drain region 
compared to Poly-Si; (b) Conduction band energy plot along 
the cut line in the drain region compared to Poly-Si. 
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And we also optimized by changing the upper gate and 
depth in dual-gate structure from 44 nm to 75 nm. As a 
result, there was no significant difference as the 
optimization voltage Therefore, the same 1.7 V was 
applied regardless of the change in the gate length. 
However, when the ratio of the lower gate is decreased, it 
may be seen that the GIDL value increases. Conversely, 
if the upper gate(B-gate) is increased, the GIDL 
decreases, and from about upper gate length of 68 nm, 
the region where the GIDL occurs dominantly changes 
from A to B, and at this time, it is confirmed that the 
drain current of off state increases again. Fig. 8 shows 
the result of the gate length change. however, an upper 
gate length of 44 nm, top-bottom ratio of 5:5 was 
selected for the simulation to be applied to all cell 
transistors in the simulation. This is because when the 
gate area decreases, the sheet resistance increases, and a 
voltage cannot be properly applied to all DRAM 
transistors. 

2. Three-gate BCAT Structure 
 
We conducted a simulation by changing the number of 

gates to determine the effect of gate numbers on GIDL 
mitigation. In the three-gate BCAT structure shown in 
Fig. 9 strong electric fields were formed in regions A, B, 
and C and the electric fields were uniformly distributed 
like in the dual gate structure. The structure was 
optimized by applying a voltage of 0.5 V to B-gate1 and 
2.6 V to B-gate2. Fig. 11 shows that the GIDL of the 
three-gate was reduced by approximately two orders 
compared with the dual-gate structure. It was confirmed 
that the larger the number of gates, the better the GIDL. 

V. SWD CIRCUIT 

In this study, we evaluate the GIDL current in the 
DRAM cell transistor. The structure has two metal gates 
which are arranged vertically and reduce GIDL by 
applying different voltages to the gates. Applying an 

 

Fig. 7. I-V characteristic of dual-gate BCAT and Poly-Si 
BCAT. 

 

Fig. 8. Drain Current graph with off according to depth change 
in upper gate. 
 

 

Fig. 9. 2-D view of three-gate BCAT structure. 

 

Fig. 10. The simulation result of three-gate BCAT in off state. 
E-field plot along the cut line in the drain region compared to 
dual-gate BCAT. 
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optimized voltage to the upper gate alleviates the electric 
field that causes tunneling between the drain and the gate. 
In the TCAD simulation, GIDL was reduced by 
approximately four orders in the proposed structure 
compared with the poly-Si BCAT structure. To operate 
the proposed BCAT structure, we modified the 
conventional SWD circuit by adding one pass transistor. 
The pass transistor transmits an input signal to the output 
node, when the gate is turned on, and to enter the high Z 
state when the gate is off to maintain the previous state. 
However, there is a problem in transmitting voltage. A 
pass transistor using NMOS has no problem in 
transmitting 0 V (low), but if Vdd (high) is applied to an 
input node (drain), the output node (source) voltage 
gradually increases, and if Vgs<Vth, the device shuts off. 
Thus, the output voltage becomes Vdd-Vth. In contrast, 
PMOS has no problem in transmitting Vdd, but the lowest 
voltage that the output node can reach is |Vth|. Fig. 12 
shows the configuration and output according to the 
input of the NMOS and PMOS pass transistors, and at 
this time, both gates are applied with Vdd. Fig. 13. Fig. 
14 shows the operation of the proposed SWD circuit, in 
which different voltages are supplied depending on the 
Vth of the pass transistor in the off state and the same 
voltage is supplied in the on state. 

The conventional SWD circuit consists of one PMOS 

and two NMOSs. When in the on state, the NWEIB and 
PXIB are in the low, and the PMOS connected to the Vpp 
is turned on and the Vpp is delivered to the WD. 
Conversely, when it is off, NWEIB and PXIB become 
high, and the NMOS connected to Vbb2 is turned on, and 
Vbb2 is delivered to WD. 

In order to operate the proposed scheme, it is 
important to apply the same Vdd voltage in the on state 
and to apply the different optimized voltage to each gate 
in the off state. Therefore, we propose a new SWD 
circuit. 

We constructed a new circuit that adds a pass 
transistor using PMOS to the conventional SWD circuit. 
The circuit transmits the same Vpp voltage to WD1 and 
WD2 in the on state. In the off state, Vbb2 is transmitted 
to WD1, but a Vbb2+Vth voltage is applied to WD2 while 
passing through the pass transistor. 

Additionally, the effect of the number of gates on 
GIDL was evaluated. As the number of gates increased, 
GIDL decreased. However, owing to the decrease in the 
area of the gate, the resistance of the word-line increases; 
thus, a close additional review is required before use in 
an actual process. Finally, the multi-gate BCAT structure 
and modified circuit are compatible with the existing 
CMOS process and are also available for 3D stacked and 
vertical DRAM. 

 

Fig. 11. Simulation results from 3-gate BCAT in off state. 
 

 

Fig. 12. Configuration of NMOS and PMOS pass transistors. 
 

 

Fig. 13. The modified select-word line driver circuit diagram.
 

Fig. 14. Output characteristic of SWD circuit as shown in Fig. 
12.  
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VI. CONCLUSIONS 

In this study, we evaluate the GIDL current in the 
DRAM cell transistor. A multi-gate BCAT structure was 
proposed to minimize the GIDL current. The multi-gate 
BCAT is a structure in which two metal gates are placed, 
which reduces the GIDL by applying different voltages 
to the gates. Applying an optimized voltage to the upper 
gate alleviates the electric field that causes tunneling 
between the drain and the gate. In the TCAD simulation, 
GIDL was reduced by approximately four orders in the 
proposed structure compared with the poly-Si BCAT 
structure. To operate the proposed BCAT structure, we 
modified the existing SWD circuit by adding one 
transistor.  

ACKNOWLEDGMENTS 

This paper was supported by research funds for newly 
appointed professors of Gangneung-Wonju National 
University in 2021 and the National Research Foundation 
of Korea (NRF) grant funded by the Korea government 
(MSIT) (2021R1G1A1093786). This research was 
supported by the National R&D Program through the 
National Research Foundation of Korea (NRF) funded by 
the Ministry of Science and ICT (NRF-
2022M3I7A1078936). This research was supported by 
"Regional Innovation Strategy (RIS)" through the 
National Research Foundation of Korea(NRF) funded by 
the Ministry of Education (MOE)(2022RIS-005) 

REFERENCES 

[1] S. Hong, "Memory technology trend and future 
challenges," 2010 International Electron Devices 
Meeting, 2010, pp. 12.4.1-12.4.4, doi: 10.1109/ 
IEDM.2010.5703348. 

[2] C. Duvvury, "A guide to short-channel effects in 
MOSFETs," in IEEE Circuits and Devices 
Magazine, vol. 2, no. 6, pp. 6-10, Nov. 1986, doi: 
10.1109/MCD.1986.6311897. 

[3] S. Park, "Technology Scaling Challenge and Future 
Prospects of DRAM and NAND Flash Memory," 
2015 IEEE International Memory Workshop 
(IMW), 2015, pp. 1-4, doi: 10.1109/IMW.2015. 
7150307. 

[4] Lee, Jin-sung, Jin-hyo Park, Geon Kim, Hyun D. 
Choi, and Myoung J. Lee. 2020. "Partial Isolation 
Type Buried Channel Array Transistor (Pi-BCAT) 
for a Sub-20 nm DRAM Cell Transistor" 
Electronics 9, no. 11: 1908. 

[5] J. V. Kim et al., "S-RCAT (sphere-shaped-recess-
channel-array transistor) technology for 70nm 
DRAM feature size and beyond," Digest of 
Technical Papers. 2005 Symposium on VLSI 
Technology, 2005., 2005, pp. 34-35, doi: 10.1109/. 
2005.1469201. 

[6] W. Mueller et al., "Challenges for the DRAM cell 
scaling to 40nm," IEEE InternationalElectron 
Devices Meeting, 2005. IEDM Technical Digest., 
2005, pp. 4 pp.-339, doi: 10.1109/IEDM.2005. 
1609344. 

[7] J. Y. Kim et al., "The breakthrough in data 
retention time of DRAM using Recess-Channel-
Array Transistor(RCAT) for 88 nm feature size and 
beyond," 2003 Symposium on VLSI Technology. 
Digest of Technical Papers (IEEE Cat. 
No.03CH37407), 2003, pp. 11-12, doi: 10.1109/ 
VLSIT.2003.1221061 

[8] J. Yu and K. Aflatooni, "Leakage Current in 
DRAM Memory Cell," 2006 16th Biennial 
University/Government/Industry Microelectronics 
Symposium, 2006, pp. 191-194, doi: 10.1109/ 
UGIM.2006.4286380  

[9] K. Saino et al., "Impact of gate-induced drain 
leakage current on the tail distribution of DRAM 
data retention time," International Electron Devices 
Meeting 2000. Technical Digest. IEDM (Cat. 
No.00CH37138), 2000, pp. 837-840, doi: 10.1109/ 
IEDM.2000.9044. 

[10] S. K. Gautam, S. Maheshwaram, S. K. Manhas, A. 
Kumar, S. Sherman and S. H. Jo, "Reduction of 
GIDL Using Dual Work-Function Metal Gate in 
DRAM," 2016 IEEE 8th International Memory 
Workshop (IMW), 2016, pp. 1-4, doi: 10.1109/ 
IMW.2016.7495287. 

[11] P. Kulkarni et al., "Impact of substrate bias on 
GIDL for thin-BOX ETSOI devices," 2011 
International Conference on Simulation of 
Semiconductor Processes and Devices, 2011, pp. 
103-106, doi: 10.1109/SISPAD.2011.6035060. 

[12] M. Uematsu, "Simulation of boron diffusion in Si 
based on the kick-out mechanism," 1996 



458 CHANG YOUNG LIM et al : MULTI-GATE BCAT STRUCTURE AND SELECT WORD-LINE DRIVER IN DRAM FOR … 

 

International Conference on Simulation of 
Semiconductor Processes and Devices. SISPAD '96 
(IEEE Cat. No.96TH8095), 1996, pp. 25-26, doi: 
10.1109/SISPAD.1996.865256. 

 
 

Chang Young Lim has been studying 
in the Department of Electronic 
Engineering at Gangneung-Wonju 
National University (GWNU, Korea) 
from 2018 to 2022, His current 
research interests include MOS 
devices for DRAM memory at the 

Intelligent Semiconductor Device & Circuit Design 
Laboratory (ISDL) according to Professor Min-Woo 
Kwon. 
 

Min-Woo Kwon received B.S. and 
Ph. D. degrees in department of 
Electrical and Computer Engineering 
from Seoul National University 
(SNU) in 2012 and 2019, 
respectively. From 2019 to 2021, he 
worked at the Samsung semicon-

ductor Laboratories, where he contributed to the 
development of 1x nm DRAM cell transistor and its 
characterization. In 2021, he joined Gangneung-Wonju 
National University (GWNU) as an assistant professor in 
the Department of Electric Engineering, where he is 
currently a professor. His current research interests 
include the design and fabrication of neuromorphic 
device (memristor synaptic device, Neuron circuit), steep 
switching device (FBFET), DRAM cell transistors and 2-
dimensional nano-materials.  

 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /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 true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


