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Considered
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Abstract—In this paper, we design a 1-kb OTP (One-
time programmable) memory IP in consideration of
BCD process based EM (Electro-migration) and
resistance variations of eFuse. We propose a method
of precharging BL to VSS before activation of RWL
(Read word-line) and an optimized design of read
NMOS transistor to reduce read current through a
non-programmed cell. Also, we propose a sensing
margin test circuit with a variable pull-up load out of
consideration  for  resistance  variations  of
programmed eFuse. Peak current through the non-
programmed eFuse is reduced from 728 pA to 61 pA
when a simulation is done in the read mode.
Furthermore, BL (Bit-line) sensing is possible even if
sensed resistance of eFuse has fallen by about 9 kQ in
a wafer read test through a variable pull-up load

resistance of BL S/A (Sense amplifier).

Index Terms—eFuse, OTP, electro-migration, variable
pull-up resistance

I. INTRODUCTION

NVM (Non-volatile memory) for power management
IC (PMIC) is generally eFuse (Electrical fuse) type or
antifuse type OTP (One-time programmable) memory
which is small-area and does not require optional
processes instead of EEPROM or flash memory [1, 2].
The OTP memory of antifuse type is programmed by
electrically shorting with a breakdown mechanism when
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a high voltage is applied to thin gate oxides [3]. In
contrast, the OTP memory of eFuse type is programmed
by flowing an over-current through the eFuse using VIO
(I/O voltage) voltage [4]. The eFuse-type OTP memory
is generally applied to perform analog trimming as a
small-density memory.

As shown in Fig. 1, a conventional eFuse cell consists
of an eFuse link, a program NMOS transistor with large
channel width (MN1) which can flow large current, and
a read NMOS transistor with small channel width (MN2)
which can reduce read current in the read mode. The
width of eFuse link using an n-poly silicon gate is 0.18
um, the minimum width of 0.18 um BCD process.

In the conventional BL S/A (Bit-line sense amplifier),
BL is precharged to VDD before reading out an eFuse
cell. In case of reading a non-programmed eFuse cell,
RWL (Read word-line) is activated from 0 V to VDD
and VDD, namely the precharging voltage of the BL, is
discharged to 0 V through the read NMOS transistor and
the eFuse link. Then, the eFuse link can be blown by the
EM (Electro-migration) phenomenon since large-density
current can flow the eFuse link of narrow width. Fig. 2

BL SL
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Fig. 1. Circuit of eFuse OTP memory cell.
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Fig. 2. SEM image of the failed eFuse link by EM.

shows a SEM image of a failed eFuse by EM in reading a
non-programmed cell. Also, the resistance of programmed
eFuse can vary below the minimum resistance that can
be sensed during use in the field when the eFuse link is
programmed with its resistance around the minimum
resistance. Then, a data sensing failure can happen as
well. Thus, it is required to design eFuse-type OTP
memory IPs in consideration of sufficient reliability such
as EM and data retention characteristics in PMICs.

In this paper, we propose a method of precharging BL
to VSS before activation of RWL and an optimized
design of the read NMOS transistor to reduce read
current through the non-programmed cell. Also, we
propose a sensing margin test circuit with a variable pull-
up load out of consideration for resistance variations of
programmed eFuse. Peak current through a non-
programmed eFuse is reduced from 728 pA to 61pA
when a simulation is done in the read mode. Also, there
is no problem in data sensing by using a variable pull-up
load of BL S/A out of consideration for resistance
variations of programmed eFuse even if the sensed
resistance is at least 9 k& lower than the sensible
resistance of programmed eFuse designed with a target
value of 16 kQ in the normal read mode although it is 25
kQ during the wafer read test. Test chips for the 1-kb
OTP memory IP designed with Dongbu HiTek's 0.18 um
BCD process is in the making.

I1. CIRCUIT DESIGN

Table 1 shows bias voltage conditions at various nodes
for various operation modes of an eFuse OTP cell.

Table 1. Each node bias voltage of an eFuse OTP memory cell
at each operation mode

Program Mode Read Mode
WWL VIO 0
RWL 0 VDD
DIN 0 1 X X
SL 0 VIO 0 0
BL Floating | Floating 0 VDD
DOUT x x 0 1
eFuse Unblown | Blown | Unblown | Blown

Selected WWL (Write word-line) in the program mode is
activated to VIO in the program mode. The eFuse link of
the OTP memory cell is separated from BL since non-
selected WWLs are kept to 0 V in the program mode. If
we apply VDD to DIN and a pulse to PGM, SL (Source-
line) and WWL are applied with VIO. This then allows
the programming current to flow through the eFuse and
MNI1. Therefore, the eFuse is programmed and is in the
highly resistive state. Also, the resistance of the eFuse is
invariant for the non-programmed cell since DIN is
applied with 0 V and SL is kept to 0 V. In contrast, only
one RWL decoded by RA[6:0] is activated to VDD after
BL is precharged to 0 V in the read mode. In case of a
non-programmed eFuse cell, a current path is made
between the MN2 and the eFuse link, BL is kept to 0 V
and DOUT outputs a logic value of ‘0’. In contrast, a
programmed eFuse cell has a highly resistive state and
DOUT outputs a logic value of ‘1’ since BL is pulled up
to VDD by the pull-up load transistor.

As a chip measurement result, the selected RWL is
activated from 0 V to VDD and VDD voltage, the
precharging voltage of BL, becomes discharged to 0 V
through the read NMOS transistor with the channel
width of 5 um and the eFuse link in reading out a non-
programmed eFuse cell. Then, peak current through the
eFuse is 728 pA as shown in Fig. 3. Also, the eFuse link
can be blown by the EM phenomenon if large-density
current flow the eFuse link of narrow width like the SEM
image of a failed eFuse by EM as in Fig. 2.

In this paper, we propose a method of precharging BL
to VSS before activation of RWL and an optimized
design of read NMOS transistor to reduce read current
through a non-programmed cell. Major specifications of
the designed 1-kb eFuse OTP memory are in the
following. The cell array of 1 kilo bits is arranged in 128
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Fig. 3. Current waveform through an eFuse in the read mode
after simulation.

rows X 8 columns. The two supply voltages that are
used are: logic supply voltage VDD (=1.8 V) and I/O
interface voltage VIO (=5 V). There are three operation
modes: program, read, and stand-by modes. This OTP is
programmed bitwise and read out byte by byte. The
program voltage and program time are 5 V and 200 ps,
respectively.

As shown in Fig. 4, the designed 1-kb eFuse OTP
memory consists of an eFuse OTP memory cell array of
128 rows X 8 columns, a row decoder selecting one of
128 WLs by decoding the row address bus RA[6:0], a SL
driver, a DOUT (Data output) buffer, and a control logic
that supplies internal control signals which are suitable
for either the program or read mode. This is based
according to the control signals (RD and PGM). The SL
driver consists of eight driving circuits and drives one
selected SL by decoding the column address CA[2:0].
The BL S/A outputs a digital datum through DOUT[7:0]

LILZTON  opise CELL ARRAY

1Kb(128R%8C)

ROW .
DECODER  Ipwr,[127:0]

RA[6:0] =—>

VDDLD ==+ conROL

SL[T:0]
BL [7:0]

PGM LOGIC
|

RD —>
COLUMN

CA[Z:0] =
DECODER >

SL DRIVER & DOUT BUFFER

DIN ]

DOUT[7:0] «

Fig. 4. Block diagram of 1-kb eFuse OTP memory IP.

by sensing a datum coming from BL[7:0]. The bits vary
in accordance to their programmed states.

Fig. 5 shows an eFuse OTP cell array of 128 rows X
8 columns. The cell array is divided into two sub-arrays
of 64 rows X 8 columns. One of the sub-arrays is
selected by a row address RAG.

Fig. 6(a) shows the conventional BL S/A circuit using
the BL VDD precharging scheme. In the read mode, BL
precharges to VDD since MPO turns on by a short pulse
of PRECHARGE signal before RWL is activated. If the
RWL is activated, BL connected to a programmed cell
with a logic value of ‘1’ keeps VDD since the eFuse cell
is in the highly resistive state while the BL is discharged
to OV through the read NMOS transistor and the eFuse
link for the programmed cell with a logic value of ‘0.
Then the eFuse can be blown by the big discharging
current when the BL is discharged to 0 V. Thus, we
precharges the BL to VSS before activation of the RWL
like a S/A of the BL VSS precharging scheme as shown
in Fig. 6(b) in this paper. The BL is, therefore, pulled up
to VDD in case that a programmed eFuse cell is accessed
while it keeps a precharging level of VSS in case that a
non-programmed eFuse cell is accessed. By precharging
of the BL to BSS before activation of the RWL like this
and reducing the width of read NMOS transistor for the
eFuse cell from 5 um to 1.0 um, we can reduce the peak
current through the eFuse in the read mode. Also, if
SAEND (Sense amplifier enable) is activated to 0 V after
a datum of the eFuse OTP cell is transferred to the BL
sufficiently, a negative-level sensitive D latch senses

SL[O BL[] SL[7] BL[7]
RWL[127] | VJ | r—l
WWL[12T] | j? | j?
WES WES
RWL[M] } .. }
WWLI } 1 } 1
Vi3 Vi3

Fig. 5. eFuse OTP memory cell array of 128 rows x 8 columns.
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Fig. 6. BL S/A circuits. (a) BL VDD precharging scheme and
(b) BL VSS precharging scheme.

either VDD or 0 V and outputs the read datum to DOUT.

The resistance of programmed eFuse can vary below
the minimum resistance that can be sensed by the BL
S/A in Fig. 6(a) during use in the field when the eFuse
link is programmed with its resistance around the
minimum resistance. Then, a data sensing failure can
happen. Thus, we propose a sensing margin test circuit
with a variable pull-up load as shown in Fig. 6(b) out of
consideration for resistance variations of programmed
eFuse in this paper. A pull-up transistor MP2 for the test
read mode is added to a pull-up load transistor MP1 for
the normal read mode in Fig. 6(a). As Fig. 6(a) is not a
TM BL LOADb
signal is not required. After an eFuse is programmed, we

variable pull-up loading scheme,
test if the eFuse is programmed normally by turning on
MP2 in Fig. 6(b). In the normal read mode used in the
field, BL can sense a normal datum of ‘1’ although the
resistance of eFuse varies lower since the pull-up
resistance is raised by making only MP1 in Fig. 6(b)
turned on. On the contrary, there is no problem if the
pull-up resistance varies higher. This means increasing
the sensing margin. Thus, we take only the case the
resistance of programmed eFuse goes lower under
consideration.

III. SIMULATION RESULTS

We designed a 1-kb eFuse OTP memory IP with
Dongbu HiTek's 0.18 um BCD process. Fig. 7 shows
simulation results of BL voltages in the conventional and
proposed BL precharging scheme in the read mode under
the following conditions: VDD=1.8 V, VIO=5 YV,
Temperature=25 °C, and TT model parameters. We can
see that BL signals are precharged to VDD and VSS by
the PRECHARGE signal in Figs. 7(a) and 7(b),
respectively. In Fig. 7(b), the BL signal is pulled up by
the BL LOADD signal. In addition, Fig. 8 shows the
pulled-up BL voltage waveform by the TM_BL LOADb
signal in the test read mode for the BL S/A with a
variable pull-up load.

Fig. 9 shows a simulation result for read current of a
non-programmed cell. The peak current is reduced form
728 pA to 61 pA through the proposed BL VSS
precharging scheme and downsizing of the read NMOS
transistor. In Table 2, we compare peak currents through
a non-programmed eFuse in the read mode with respect
to VDD voltages, temperatures, and model parameters of
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Fig. 7. Simulation results of BL voltages in correspondence of
the BL precharging schemes in the read mode. (a) Conventional
scheme and (b) Proposed scheme.
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Fig. 8. Simulation result in the test read mode for the BL S/A
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Fig. 9. Simulation result of read current of a non-programmed
cell in the designed 1-kb eFuse OTP memory IP.

Table 2. Comparison of peak currents through a non-
programmed eFuse in the read mode with respect to VDD
voltages, temperatures, and model parameters of MOS
transistors between the conventional IP and the proposed IP

P VDD |Temp. [SS[pA]SF[pA]TT[nA]FS[nA]FF[nA]

40°c 271 312 368 423 486

1.62V| 25°c] 248 286] 337 384 447

125°c] 219 258 299 336 401

, 40°c 363 419 476 536 607
C"“"‘;‘P}“"nal 1.8V|25°d 331] 381 430 485 558
125°d 279 334 374 417 491

40°cl 468 5260 582 647 728

198 V] 25°c 343 479 529 s80] 665

125°C] 351 411] 454 5000 587

Proposed 40°C] 174 304 245 198 344
P 62V 25°c 162 273 224 15 309
125°d 153 247 219 196 274

40°cl 260 41.8] 355 204 471

1.8V| 25°d 232 368 313 259 41

125°d 212 323 278 258 381

198 V[-40°C| 365 548 474 356 6l

25°c] 321 473 413 3346 535

MOS transistors between the conventional IP and the
proposed IP. The peak currents are 728 pA for the

conventional IP and 61 pA in the proposed counterpart.

With the S/A circuit using the variable pull-up load in
Fig. 6(b), the respective resistances which can be sensed
in the test read and normal read mode are 25 kQ and 16
kQ when a simulation is done. In this case, normal
sensing is possible even in the field unless the resistance
of eFuse falls below 16 k<.

Fig. 10 shows a simulation result of BL readout times
with respect to OTP memory densities baed on the
proposed scheme. We can see that the readout time

Table 3. Simulation result of eFuse sensing resistances in the
normal and test read mode

Operation|

Mode VDD |[Temp.| SS SF TT FS FF

40 °C|22kQ | 11kQ | 17 kQ | 25kQ | 13 kQ
1.62V|25°C |24kQ | 12kQ|19kQ [27kQ | 15 kQ
125°C|26kQ | 15kQ | 21 kQ |28 kQ | 17 kQ
Normal 40 °C|17kQ | 9kQ | 14kQ|19kQ | 11 kQ
Read | 1.8V [25°C|20kQ|11kQ|16kQ|21kQ |13k
Mode 125°C|22kQ | 14 kQ | 18 kQ | 23 kQ | 15 kQ
40 °C|14kQ | 9kQ | 12kQ | 15kQ | 10 kQ
1.98V|25°C|17kQ|11kQ|14kQ[17kQ |11 kQ
125°C|19kQ | 13kQ | 16 kQ | 19 kQ | 14 kQ
-40 °C|35kQ | 17kQ |27 kQ | 38 kQ | 21 kQ
1.62V|25°C [41 kQ |21 kQ |30 kQ | 41 kQ | 24 kQ
125°C|47kQ |26 kQ | 35 kQ | 44 kQ | 27 kQ
Test -40 °C|27kQ |16 kQ | 22 kQ |29 kQ | 17 kQ
Read | 1.8V [25°C|32kQ|19kQ|25kQ|31kQ |20k

Mode 125°C|37ka |24 k0 [ 29k | 36 k2 | 24 k2
40°C|23ka |14k |19ka |23 ka | 15 ko
198V[25°C|27ka|17ka | 22ka | 26 k0 | 18 K
125°C|31 k0|22 k0 |26 k2 |30 kQ | 22 k@
120 ;
w ’
L, 1104
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Fig. 10. Simulation result of BL readout times with respect to
memory densities.
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increases as the memory density does. This does not
affect the speed of OTP memory.

Fig. 11 shows the layout image of the designed 1-kb
eFuse OTP memory IP with the 0.18um BCD process.
The layout size is 283.565 um < 524.180 pm.

Fig. 11. Layout picture of the designed eFuse OTP IP with the
0.18 um BCD process.

IV. CONCLUSIONS

It is required to design eFuse-type OTP memory IPs in
consideration of sufficient reliability such as EM and
data retention characteristics in PMICs.

In this paper, we proposed a method of precharging
BL to VSS before activation of RWL and an optimized
design of read NMOS transistor to reduce read current
through a non-programmed cell. Also, we proposed a
sensing margin test circuit with a variable pull-up load
out of consideration for resistance variations of
programmed eFuse.

Peak current through the non-programmed eFuse was
reduced from 728 pA to 61 pA when a simulation was
done in the read mode. Also, there was no problem in
data sensing by using a variable pull-up load of BL S/A
out of consideration for resistance variations of the
programmed eFuse even if the sensed resistance was at

least 9 k& lower than the sensible resistance of
programmed eFuse designed with a target value of 16 k&2
in the normal read mode although it was 25 k2 during

the wafer read test.

ACKNOWLEDGMENTS

This work was sponsored by ETRI

Semiconductor Industry Promotion Center, Human

System

Resource Development Project for SoC Convergence.

REFERENCES

[1] H. K. Cha, I. H. Yun, J. B. Kim, B. C. So, K. H.
Chun, I. K. Nam, and K. R. Lee, “A 32-KB
Standard CMOS Antifuse one-time programmable
ROM embedded in a 16-bit microcontroller,” IEEE
Journal of Solid-State Circuits, Vol.41, No.9, 2006.

[2] D. H. Kim, J. H. Jang, L. Jin, J. H. Lee, P. B. Ha,
and Y. H. Kim, “Design and measurement of a 1-
kBit eFuse one-time programmable memory IP
based on a BCD process,” IEICE Trans. Electron,
Vol.E93-C, No.8, pp.1365-1370, Aug., 2010

[3] C.H. Choi,J. H. Jang, T. H. Kim, O. Y. Shim, Y. G
Hwang, K. S. Ahn, P. B. Ha, and Y. H. Kim,
“Design of asynchronous multi-bit OTP memory,”
IEICE Trans. Electron, Vol.E92-C, No.1, pp.173-
177, Jan., 2009.

[4] N. Robson et al., “Electrically programmable fuse
(eFuse): From memory redundancy to autonomic
chip,” Proceedings of Custom Integrated Circuits
Conference, pp.799-804, Sep., 2007.

Jeong-Ho Kim received the B.S.
degree in electronic engineering from
Kyungnam University, Changwon,
Korea, in 1987, and M.S. degree in
electronic engineering from Changwon
National  University, Changwon,
Korea, in 2008. His research interests are designs of

high-speed I/O interfaces and non-volatile memory IPs.

Du-Hwi Kim received the B.S.
degree in electronic engineering from
Changwon  National  University,
Changwon, Korea, in 2009. His
research interests are designs of
high-speed I/O interfaces and non-

volatile memory IPs.



94 JEONG-HO KIM et al : DESIGN OF 1-KB EFUSE OTP MEMORY IP WITH RELIABILITY CONSIDERED

Liyan Jin received the B.S. degree
in computer science and technology
from Yanbian University, Yanbian,
China, in 2007, and M.S. degree in
electronic engineering from Changwon
National

%
el

Korea, in 2009. Her research interests are designs of x-

University, Changwon,

ray CMOS image sensors, analog ICs, and nonvolatile

memory IPs.

Pan-Bong Ha received the B.S.

degree  from  Pusan  National

m University, Pusan, Korea, in 1981,
a the M.S. and Ph.D. degrees in

e electronic engineering from Seoul

{l. _ National University, Seoul, Korea, in
1983 and 1993, respectively. From 1983 to 1985, he
worked as a researcher with ETRI, Daejeon, Korea. In
1987, he joined the faculty of Electronic Engineering,
Changwon National University, Changwon, Korea, and
he is currently a professor at Changwon National
University. His research interests are design of
embedded systems, digital systems using FPGAs, and

SoC circuits.

received the B.S.
degree from Kyoung-Pook National

Young-Hee Kim

University, Daegu, Korea, in 1989,
the M.S. and Ph.D. degrees in
electrical engineering from Pohang

University of Science and Technology
(POSTECH), Pohang, Korea, in 1997 and 2000,
respectively. In 1989 he joined the Memory Research
and Development Division, Hyundai Electronics
Industries, Ltd., Ichon, Korea. From 1989 to 2001, he
worked on the design of 4 M, 16 M, 64 M and 256 M
DRAM chips. In 2001, he joined the faculty of
Electronic Engineering, Changwon National University,
Changwon, Korea, and he is currently an associate
professor at Changwon National University. His research
interests are designs of 1T-SRAM IPs, non-volatile
memory IPs, high-speed I/O interfaces, x-ray CMOS
image sensors, and analog ICs.




<<
  /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
    /!BM-dolhdip1
    /!BM-gaulr
    /!BM-joyakr
    /AGA-Arabesque
    /AGA-ArabesqueDesktop
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AkhbarMT
    /AkhbarMT-Bold
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Algerian
    /AmericanGaramondBT-Roman
    /AmiR-HM
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /ArborWin
    /ArialBackslanted
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Astro2KT
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /AvQest
    /BaskOldFace
    /Batang
    /BatangChe
    /BatangOldHangulJamo
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirdB
    /BirdL
    /BirdM
    /BlackadderITC-Regular
    /BlackChancery
    /BM-dolchulip1
    /BM-gaulr
    /BM-joyakr
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /Brush445BT-Regular
    /BrushScript
    /BrushScriptBT-Regular
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ChungB
    /ChungCB
    /ChungL
    /ChungM
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /CliperSKana
    /CMjoB
    /CMjoL
    /CMjoM
    /Cmsy10
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolekana
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /Crayon
    /CrounB
    /CrounM
    /CseriB
    /CstreB
    /CstreL
    /CstreM
    /CstreUL
    /CurlzMT
    /DanzinRegular
    /David-Bold
    /David-Reg
    /DavidTransparent
    /DFKMincho-Bd-WIN-KSC-H
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dinbla
    /Dinbol
    /DinerRegular
    /DingDongBold
    /Dinlig
    /Dinmed
    /Dinreg
    /Dotum
    /DotumChe
    /DTnaskh0
    /DTnaskh1
    /DTnaskh2
    /DTnaskh3
    /DTthuluth0
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /ExpoL-HM
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /FixedMiriamTransparent
    /Flora-Bold
    /Flora-BoldEx
    /Flora-BoldHo
    /Flora-BoldWd
    /Floralies
    /Flora-Normal
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Gaeul
    /GaramB-HM
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNo4CyrTCY-Medi
    /GasiIIB
    /GasiIIL
    /GasiIIM
    /GauFontShirousagi
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GothicRoundB-HM
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansR-HM
    /GTB
    /GTM
    /Gulim
    /GulimChe
    /GulimOldHangulJamo
    /Gungsuh
    /GungsuhChe
    /H2bulL
    /H2gprM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2hsrM
    /H2mjmM
    /H2mjrB
    /H2mjrE
    /H2mjsM
    /H2mjuM
    /H2mkpB
    /H2mkrB
    /H2pirL
    /H2porL
    /H2porM
    /H2sa1B
    /H2sa1M
    /H2sa2L
    /H2snrB
    /H2ta1L
    /H2ta2M
    /H2wulE
    /H2wulL
    /H2yerM
    /H2ysrM
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadG
    /HeadlineR-HM
    /HeadlineSansR-HM
    /HeadR
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HGMinchoB
    /HGPMinchoB
    /HGSMinchoB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HMKBP
    /HMKBS
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HSalB
    /HSalL
    /HSalM
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYPop-Medium
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeatGul-Bold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisB
    /IrisL
    /IrisM
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KirillicaWincyr
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KristenITC-Regular
    /KunstlerScript
    /KyunKo
    /KyunMyung
    /Latha
    /LatinWide
    /LCDReg
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Love
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Marigold
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /Mdesb
    /MDGaesung
    /MDSol
    /Mfoxb
    /Mfoxl
    /Mfoxm
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /MJB
    /MJL
    /MJM
    /MMchonL
    /MMchonM
    /Modern-Regular
    /MoeumTR-HM
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MonotypeKoufi-Bold
    /MonotypeSorts
    /Mpaperb
    /Mpaperl
    /Mpaperm
    /Msam10
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Symbol
    /MudirMT
    /Munhem
    /MVBoli
    /MWORLD
    /MyungjoL-HM
    /MyungjoXB-HM
    /NamuB-HM
    /NamuR-HM
    /Narkisim
    /Nekoyanagi
    /NemoB
    /NemoL
    /NemoM
    /NemoXB
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OriginalGaramondBT-Roman
    /Oxford
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /PinoB
    /PinoL
    /PinoM
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /QDotum
    /QGulim
    /QGungsuh
    /Raavi
    /RageItalic
    /Ravie
    /Retort
    /RetortOutline
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RodTransparent
    /SaenaegiR-HM
    /SaenaegiXB-HM
    /SAKURAhira
    /San02B
    /San02L
    /San02M
    /San60B
    /San60L
    /San60M
    /San60R
    /San60SB
    /SanBiB
    /SanBiL
    /SanBiM
    /SanBoB
    /SanBoL
    /SanBoM
    /SanBsB
    /SanBsL
    /SanBsU
    /SanCrB
    /SanCrK
    /SanCrL
    /SandArB
    /SandArL
    /SandArM
    /SandArXB
    /SandAtM
    /SandAtXB
    /SandJg
    /SandKg
    /SandKm
    /SandMtB
    /SandMtL
    /SandMtM
    /SandSaB
    /SandSaL
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgM
    /SanKbB
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanKsM
    /SanMogfilB
    /SanMogfilL
    /SanMogfilM
    /SanMrB
    /SanMrJ
    /SanMrM
    /SanPkB
    /SanPkL
    /SanPkM
    /SanPuB
    /SanPuW
    /SanSrB
    /SanSrL
    /SanSrM
    /SanSwB
    /SanSwL
    /SanSwM
    /SapphIIB
    /SapphIIL
    /SapphIIM
    /ScriptMTBold
    /SegoeMediaCenter-Regular
    /SegoeMediaCenter-Semibold
    /SeUtum
    /SgreekMedium
    /Shadow9
    /SHeadG
    /SHeadR
    /ShowcardGothic-Reg
    /Shruti
    /Shusha
    /Shusha02
    /Shusha05
    /SILDoulosIPA
    /SILDoulosIPA93Bold
    /SILDoulosIPA93BoldItalic
    /SILDoulosIPA93Italic
    /SILDoulosIPA93Regular
    /SILManuscriptIPA
    /SILManuscriptIPA93Bold
    /SILManuscriptIPA93BoldItalic
    /SILManuscriptIPA93Italic
    /SILManuscriptIPA93Regular
    /SILSophiaIPA
    /SILSophiaIPA93Bold
    /SILSophiaIPA93BoldItalic
    /SILSophiaIPA93Italic
    /SILSophiaIPA93Regular
    /SimHei
    /SimplifiedArabicBackslantedBoldItalic
    /SimSun
    /SimSun-PUA
    /SinGraphic
    /SinMun
    /SnapITC-Regular
    /SohaR-HM
    /Sol
    /SolB
    /SolL
    /SolM
    /SomaB
    /SomaL
    /SomaM
    /SPgoJ1-KSCpc-EUC-H
    /SPgoJ-KSCpc-EUC-H
    /SPgoJS-KSCpc-EUC-H
    /SPgoT-KSCpc-EUC-H
    /SPmuS-KSCpc-EUC-H
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /SwiriB-KSCpc-EUC-H
    /SwiriL-KSCpc-EUC-H
    /SwiriM-KSCpc-EUC-H
    /Sylfaen
    /Symbol
    /SymbolMT
    /TaeKo
    /TaeM
    /TaeUtum
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /TahomaSmallCap-Bold
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldTh
    /TimesIPAnew
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Tiplo
    /TMjoB
    /TMjoL
    /TMjoM
    /ToodamB
    /ToodamL
    /ToodamM
    /TraditionalArabicBackslantedBoldItalic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSTNamr
    /TSTPenC
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypewriteB
    /TypewriteL
    /TypewriteM
    /Univers
    /Univers-BlackExt
    /Univers-Black-Normal
    /Univers-BoldExt
    /UniversCondensedLight
    /UniversCondensedOblique
    /Univers-Light-Italic
    /Univers-Light-Light
    /Univers-Light-LightTh
    /Univers-Light-Normal
    /Univers-Medium
    /Univers-Oblique
    /Uri
    /Utum
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WingsB
    /WingsL
    /WingsM
    /WoorinR-HM
    /WP-CyrillicA
    /WP-GreekCentury
    /WP-MultinationalARoman
    /WriSin
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIBlueB
    /YDIBlueEB
    /YDIBlueL
    /YDIBlueM
    /YDIChungM
    /YDICMjoL
    /YDICMjoM
    /YDICstreB
    /YDICstreL
    /YDICstreM
    /YDICstreUL
    /YDIFadeB
    /YDIFadeL
    /YDIFadeM
    /YDIGasiIIB
    /YDIGasiIIL
    /YDIGasiIIM
    /YDIGirlB
    /YDIGirlL
    /YDIGirlM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHSalM
    /YDIHsangIIB
    /YDIHsangIIL
    /YDIHsangIIM
    /YDIMokB
    /YDIMokL
    /YDIPinoB
    /YDIPinoL
    /YDIPinoM
    /YDIPu
    /YDISmileB
    /YDISmileL
    /YDISmileM
    /YDISprIIB
    /YDISprIIL
    /YDISprIIM
    /YDISumB
    /YDISumL
    /YDISumM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWriSin
    /YDIYGO310
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO310
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDIYSin
    /YetR-HM
    /YGO11
    /YGO115
    /YGO12
    /YGO125
    /YGO13
    /YGO135
    /YGO14
    /YGO145
    /YGO15
    /YGO155
    /YGO16
    /YGO165
    /YGO22-KSCpc-EUC-H
    /YGO23-KSCpc-EUC-H
    /YGO24-KSCpc-EUC-H
    /YGO25-KSCpc-EUC-H
    /YGO31
    /YGO32
    /YGO33
    /YGO34
    /YGO35
    /YGO36
    /YGO520
    /YGO530
    /YGO540
    /YGO550
    /YheadB
    /YheadL
    /YheadM
    /YheadUL
    /YjBACDOOBold
    /YJBELLAMedium
    /YJBLOCKMedium
    /YJBONMOKGAKMedium
    /YjBUTGOTLight
    /YjCHMSOOTBold
    /YjDOOLGIMedium
    /YjDWMMOOGJOMedium
    /YjGABIBold
    /YjGOTGAEMedium
    /YjINITIALPOSITIVEMedium
    /YJINJANGMedium
    /YjMAEHWASemiBold
    /YjNANCHOMedium
    /YjSHANALLMedium
    /YjSOSELSemiBold
    /YjTEUNTEUNBold
    /YjWADAGMedium
    /YMjO11
    /YMjO115
    /YMjO12
    /YMjO125
    /YMjO13
    /YMjO135
    /YMjO14
    /YMjO145
    /YMjO15
    /YMjO155
    /YMjO16
    /YMjO165
    /YMjO22
    /YMjO23
    /YMjO24
    /YMjO31
    /YMjO32
    /YMjO33
    /YMjO34
    /YMjO35
    /YMjO36
    /YMjO42
    /YMjO44
    /YMjO45
    /YMjO520
    /YMjO530
    /YMjO540
    /YMjO550
    /YonseiB
    /YonseiL
    /YoolB-KSCpc-EUC-H
    /YoolL-KSCpc-EUC-H
    /YoolM-KSCpc-EUC-H
    /YSin
    /YtalB-KSCpc-EUC-H
    /YtalL-KSCpc-EUC-H
    /YtalM-KSCpc-EUC-H
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1800
  /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 1800
  /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 1800
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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


