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In this paper, we propose an in-plane switching (IPS) mode for liquid crystal displays (LCDs) that,
in principle, is free of retardation of the LC cell. Basically, the optical configuration of the LC cell consists
of an A4-plate and an LC layer for switching between the dark and bright states. We could achieve a fast
response time compared with the conventional in-plane LC cell because the free retardation condition of
the proposed LC cell enables us to reduce the cell gap even by quarter-wave retardation without any change
of the optimized LC material in the transmissive mode. Experiments for verification of the proposed
in-plane switching LC cells have shown a significant reduction of the rising time and falling time
simultaneously due to the small cell gap. Furthermore, we also proposed an optical configuration for wide
viewing property of the retardation free IPS LCD by applying the optical films. We proved the wide-view
property of the retardation free IPS LCD by comparing its optical luminance with the calculated optical

property of the conventional IPS LCD.
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I. INTRODUCTION

As many people are more familiar with the widespread
information-oriented society, further progress toward high-
display quality is needed to use the display devices as infor-
mational interfaces. In particular, the in-plane switching (IPS)
LC mode [1] and the vertical alignment LC mode [2, 3]
are representative LCD modes for the required electro-optical
characteristics in the current display devices, such as a
wide-angle viewing, color shift and so on. In terms of the
response times, however, all advanced LCD modes, including
IPS LC cells, do not show sufficient high-speed properties
for video rate images, despite the development of technologies
that improve the response time. In particular, display devices
are recently being required for application to the 3D moving
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pictures that need fast-response LCDs in order to minimize
the cross-talk [4-6], so that development of high speed and
high quality LCDs is needed.

In general, the response time of an IPS LC cell is defined
by the summation of the rising time and falling time when
voltage is applied. These variables can be calculated as
follows [7]:
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Where, t,, and #,; are rising and falling times; 4, de, v,
and k; represent the permittivity in free space, dielectric
anisotropy, viscosity and twist elastic constant of the LC
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material, respectively; d is the cell gap of the LC cell; and
I represents the distance between the electrodes. Eipu o
and Ey o represent the effective input electric field and
the effective threshold electric field.

From the Eq. (1), we can see that the response time can
be improved by controlling the parameters of the LC cells.
First, there can be an improvement of the LC material that
permits small viscosity v, high dielectric constant Ae and
high elastic constant k. However, current LC materials
for LC cells are almost optimized for fast-response times,
so it is hard to improve these parameters effectively without
any electro-optical characteristic deficiency. Second, to get
faster response times involves reducing the cell gaps of the
LC cells. In order to achieve a bright state in a conventional
LC configuration, light passing through the LC cell in front
of the output polarizer should have half-wave retardation.
Therefore, the refractive anisotropy (4n) of the LC materials
should be high enough to keep the cell gap (d) small. In
general, a practical approach to getting the high anisotropy
of LC materials can reduce the optimized value of the
viscosity v of the LC materials, so that the response time
cannot be decreased effectively.

In this paper, we propose a configuration of a retardation
free (RF) IPS LC cell for a fast response time by adding
an A-plate. This optical configuration is not affected by
the retardation of the LC cell if it has more than quarter-
wave retardation. Therefore, we can reduce the cell gap d
as the process permits for a faster response time without
any changes in the LC materials. We calculated the electro-
optical characteristics of the RF LC configuration in order
to compare the calculated results to the conventional IPS
LC cells. In addition, we also propose an optical configuration
of the RF IPS LCD with wide viewing angle. The wide-view
IPS LCD, therefore, can provide the fast response time
and the wide viewing angle simultaneously.

II. OPTICAL RESPONSE OF
THE RF IPS LC CELL

The basic optical configuration of a conventional IPS
LC cell consists of two crossed polarizers and an LC cell
with half-wave retardation as shown in Fig. 1 (a). The initial
state of the LC cell has an optical axis parallel to the
input polarizer. Then, the light passing through the input
polarizer cannot experience optical retardation, even if it
passes through the LC cell, because the polarization axis
of the input polarizer and the optical axis of the LC cell
coincide. Therefore, the polarization of the light in front of
the output polarizer stays perpendicular to the polarization
axis of the polarizer, so that we can achieve a dark state.
For a bright state, the effective optical axis of the LC
layer should rotate to 45° by the applied voltage and the
LC layer should show half-wave retardation. Then, the
light passing through the input polarizer experiences half-wave
retardation, so that the polarization of the light passing
through the LC layer rotates 90° in front of the output polarizer,
which parallels the polarization axis of the output polarizer.
Thus, we can achieve a bright state. In this case, we can
make a half-wave LC cell with an excellent bright state that
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FIG. 1. Comparison of the initial optical configuration of the
conventional IPS LC cell and the RF IPS LC cell: (a)
conventional cell (b) RF cell.

depends strongly on the retardation And of the LC cell in
the optical design.

Compared with a conventional LC cell, the RF LC cell
is independent on the retardation of the LC layer, in principle,
if it has more than quarter-wave retardation. Figure 1 (b)
shows the basic optical configuration of the RF IPS LC
cell that is sequentially stacked by an A-plate with an LC
layer between the two crossed polarizers. The A-plate in
the cell should have exactly the same retardation as the
LC layer, and its optical axis is exactly crossed to the
optical axis of the LC layer. In the no-voltage state, the
light passing through the input polarizer will pass through
the LC layer, so that the polarization of the light passing
through the LC layer will be changed to the other polari-
zation state. However, the polarization state of the light
will return to the polarization axis of the input polarizer
by passing through the A-plate because the A-plate has
exactly the same retardation and the crossed optical axis as
the LC layer. This can make a perfect dark state. The
bright state of the RF IPS LC cell can be obtained by
rotating the optical axis of the LC layer by applying the
voltage, so that the summation of the effective dnd of the
LC layer and the retardation of the A-plate will be half-
wave retardation. Basically retardation in the bright state
for half-wave retardation can be provided in part by the
A-plate, so that we can reduce the effective 4nd of the LC
layer by even quarter-wave retardation. Therefore, we can
also reduce the cell gap d of the LC layer without changing
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the LC material. This can induce a fast response time for
the IPS LC cell compared with the conventional IPS LC
mode. The rotational angle o of the effective optical axis
of the LC layer for the bright state depends on the retardation
of the used And of the LC layer and the A-plate, which
means that the rotational angle of the effective optical axis
of the LC layer should be determined so the total retardation
of the effective And of the LC layer (dndyc efeciive) and the
A-plate (4dndy pie) as to be A2 for the excellent bright
state. The range of the rotational angle of the effective
optical axis of the LC layer can be 74 to 72. At 4
rotation, the (dndic epeciive) is O because the optical axis of
the LC layer is coincident or perpendicular to the polarization
axis of the polarizer. In contrast, at 772 rotation, the (4
ndic efecive) 1 maximized because the optical axis of the
LC layer makes 4 as for the polarization axis of the
polarizer. Therefore, if the And of the LC layer and the
A-plate are quarter-wave, which means Andic efpcive +4
ndy piae = A2, then o should be 2. And if the dnd of
the LC layer and the A-plate are half-wave, which means
Andic epeciive +nd4 pie = A, then o should be 4. At
middle range of the Andic efecive +And4 picre between V2 to
A, we can assume that the o should be linearly changed
between /4 to /2. From this, we can simply calculate the
equation (Andic epecive +dy piare) o = (Am)/4 for determining
the 0. As a result, the effective rotation angle of the LC
director can be described as below:

4(An céif plate+An C{Cieﬁ’ecti\)e @)

To compare the optical response of the RF IPS cell with
conventional LCD, we started to investigate the appropriate
driving voltage of the conventional IPS cell. For this
calculation, we applied a single domain IPS LC cell that
has a 3.13 pum electrode width and 14.62 pm of space
between the electrodes. Figure 2 (a) shows the calculated
optical response of the conventional IPS cell as a function
of the voltage applied for 100 ms to the cell. The used LC
material is ML-0249, which was made by Merck, (y =74
mPa sec , ¢, = 3.6, gy = 12, k;; = 12.8 pN, k2> = 5.8 pN,
k33 = 12.5 pN, n. = 1.58101, n, = 1.48167). Cell gap of
the LC cell is 3.4 pm. In Fig. 2, the optical response of
the conventional IPS cell can be optimized at 8V. In the
voltage range over 9V, we observed the overshoot at the
edge of the optical response due to the higher voltage.
And, the transmittance of the optical response became lower
at 8V because the effective optical retardation of the LC
cell deviates from half-wave retardation. Figure 2 (b) shows
the experimental verification of the calculation. The calculation
was performed by software TECHWIZ LCD made by
SANAYI system. We can observe the overshoot at over
8.5V in the conventional IPS LC cell. Then, we compared
the optical response of the RF IPS LC cell with a
conventional IPS LC cell at 8V.

As described, the RF TIPS LC cell uses the optimized
LC material which is used in a conventional LCD (ML-0249),
because the A-plate can compensate for the LC layer
completely during the dark state. To compare the optical
response, we calculated the optical response of the RF optical
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FIG. 2. Optical response of a conventional IPS LC cell as a
function of the applied voltage: (a) the calculated results (b)
the measured results. Solid line, dotted line and dashed line
represent the optical response of the IPS LC cell at 8V, 9V and
10V, respectively.

configuration with quarter-wave retardation (cell gap d =
1.41 pm) and 0.3612-wave retardation (cell gap d = 2 um)
to the conventional cell. For the bright state, we can
calculate the rotation angle of the effective optical axis of
the LC layer as o = 90° for the quarter-wave retardation
cell and o = 76.5° for the 0.3612-wave retardation cell.
Figure 3 shows the calculated optical response of the IPS
LC cells. The solid line, dotted line and dashed line
represent the optical response of the conventional IPS cell,
0.3612-wave retardation cell, and quarter-wave retardation
cell. The optical response of the 0.3612-wave retardation
cell was optimized at 12.8V. In particular, the quarter-wave
LC cell showed lower transmittance compared with the
other IPS modes, even after we increased the voltage to
17V, because quarter-wave LC cells should make all LC
directors rotate 90° in order to make optimized bright state.
However, surface anchoring energy of the cell can disturb
the perfect 90° rotation of the LC director, so that we can
hardly achieve the good transmittance even if we increase
the voltage. Figure 3 also shows a summarized comparison
of the calculated optical properties of the RF IPS LC cells
compared with the conventional LC cells. In Fig. 3, we
can see that the response time of the RF IPS LC cell was
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FIG. 3. Comparison of the calculated optimized optical
response between the optimized conventional cell and the
two RF IPS LC cells.

reduced significantly because of the low cell gap and the
optimized LC materials. Especially, we can look into the
falling time, which is the most important time because it
is uncontrollable with applied voltage, but it depends on
the LC materials’ properties, and it can be decreased
compared with the conventional IPS LC cell. In contrast,
we can also observe that the RF IPS LC cell requires a
higher voltage compared with the conventional IPS cell
because of a low cell gap. In spite of this deficit, we can
expect the fast response IPS LC cell without significant
voltage loss by using the RF optical configuration. For
example, the 0.3612-wave retardation cell, which requires
more than 4V or 5V compared to the conventional cell, can
reduce falling time over 57% compared with the conventional
IPS LC cell without a loss of the transmittance. This may
be not suitable for mobile application, but is suitable for
high speed LCD application such as the 3D TV.

To verify the improvement of the optical response to
the RF IPS LC cell, we made an experiment to measure
the optical properties with the same conditions and calculations.
Figure 4 shows the microphotograph of a single domain
IPS LC cell. The width of the electrode and the spatial
interval between the electrodes are 3.13 pm and 14.62 um,
respectively, which are the same as for the calculation
condition. The alignment layer is spin-coated. We set uniformly
cell gap by using a ball spacer. Also, the A-plate which
has the same retardation as the LC layer and its optical
axis is crossed to the optical axis of the LC layer was
attached on the LC cell.

Figure 5 compares the measured optical response of the
RF IPS LC cells with the conventional IPC LC cells. In
the figure, we could confirm that the RF IPS LC cell can
reduce the response time due to a low cell gap without
any degradation of the transmittance of the bright state.
Especially, the low cell gap of the RF IPS LC cell can
provide the very fast falling time in the response time.

FIG. 4. Microphotograph of the electrode pattern in IPS LC cell.
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FIG. 5. Comparison of the measured optical response of the
RF IPS LC cells with the conventional IPC LC cells. The solid
line, dotted line and dashed line represent the optical response
of the conventional IPS cell at 8V, 0.3612-wave retardation
cell at 12.5V, and quarter-wave retardation cell at 17V.

This may be very important in 3D display devices because
it can prevent cross-talk and dizziness in the picture.
However, we need to avoid the RF IPS LC cell with a
very low cell gap, such as the quarter-wave retardation,
because it requires very high voltage and comparatively
low transmittance as shown in Fig 5.

II. AN OPTICAL CONFIGURATION OF THE RF
IPS LC CELL FOR WIDE VIEWING ANGLE

In general, degradation of the optical viewing angle of
the LC cell in oblique incidence can have several reasons
such as the change of the optical axis and the retardation
of the optical retarder that is used, the change of the polari-
zation axis of the polarizer in oblique incidence [7, 8]. In
terms of the polarizer and the A-plate, if we apply the
very small birefringence approximation (n. = n,), the
deviation of the azimuth angle & from &, can be described
as below [7]:

_ sin20sin%(0/2)

J1-(sinasin 6)? )

Sin(0—30) =
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where « is the azimuth angle of the axis of the polarizer,
and @ is the polar angle of the incident light in the LC
layer. &, represents the angle between the polarization axis
of the polarizer and the x-axis at normal direction. The
optical axes of the A4-plate and the LC layer have a same
deviation angle & with polarization axis of the polarizer in
oblique incidence. Moreover, the retardations of the A-plate
and the LC layer are changed as functions of the polar
and the azimuth angle of the oblique incident light. The
effective retardation of the A-plate and the LC layer can
be expressed as follows [9, 10],

S . 5 2 . o V2
r, =Ed{ne[l—sm len ¢ _sin Ggos (p] _no[l_sm HJ
7,

A n, 2
“)

n,

where I, represents the phase retardation of the A-plate
and the LC layer at the oblique incidence, respectively. ¢
and d are the azimuth angle of the incident angle and the
thickness of the film or the LC layer, respectively. n. and
n, are the refractive indices of the birefringence layer.

In spite of the optical merits of the RF IPS LC cell, we
can predict the narrower optical viewing angle compared
to the conventional IPS LC cell because all principle axes
and the And of the used optical components including
polarizer, the 4-plate and the LC layer can be changed in
all directions.

Figure 6 shows the light luminance of the conventional
IPS LC cell and the RF IPS LC cell in the dark state.
Retardations of the LC material used and of the A-plate
are 0.3612 A In the Fig. 6, we can easily observe the serious
optical leakage of the RF IPS LC cell in all directions in
the dark state even compared to the conventional IPS LC
cell.

Figure 7 (a) shows why the light leakage of the RF IPS
LC cell happens in the horizontal and vertical directions
on the Poincare sphere. In the normal direction, the
positions of the polarizer and the LC layer lie on S; and
S>, which determine the linear horizontal polarization and
the 45° linear polarization, respectively. And the positions
of the polarization axis of the analyzer and optical axis of
the A-plate are —S; and -S>, which are the exact opposite
positions of the polarization axis of the polarizer and the
optical axis of the LC layer, respectively. The polarization
of the light passed through the polarizer lies on the
position S;. And it will rotate to the position P; as much
as the retardation of the LC layer through line path L,
with a centered position S>. The polarization passing through
the A-plate will go back to the start position S; through
path L, again because the retardation of the A-plate is the
same as the LC layer and the position of the optical axis
of the A-plate is =S>, which is the exact opposite position
of the LC layer, so that we can get an excellent dark state.
In oblique incidence, however, the optical axis of the LC
layer and the A-plate will deviate to positions B and 4
from S; and =S, with deviation angle & as shown in Fig.
7 (a). As a result, the rotation paths by the LC layer and
the A-plate can be changed to L, and L; from L; because
the centered positions for rotating the polarization of the
light passing through the LC layer and the A-plate are

changed to the position C and A4 from S> and — S5, respecti-
vely. Therefore, the polarization of the light passing through
the cell will move to the position P, by the LC layer and
finally it will move to the position P, which is deviated
from S, in front of the analyzer so that the light leakage
happens in the oblique incidence.

As for the diagonal direction, we can predict more serious
light leakage. Figure 7 (b) shows the light leakage of the
cell in the diagonal direction on the Poincare sphere. In
the diagonal direction, the polarization axis of the polarizer
and the analyzer are changed with deviation angle &, which
are positions C and D as shown in Fig. 7 (b). The positions
of the optical axis of the LC layer and the A-plate are
never changed in oblique diagonal directions. Therefore,
the positions of the optical axis of the LC layer and the
A-plate are S; and =S; on the Poincare sphere. As a result,
the polarization of the light passed through the LC layer is
rotated to P, along the path L, with a centered position S

L
Unit : ed/m~2

(b)
FIG. 6. Comparison of the calculated iso-luminance of the RF
IPS LC cell and the conventional half wave IPS LC cell for the

dark state: (a) the conventional IPS LC cell (b) the RF IPSLC
cell.
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(b)

FIG. 7. Illustration of the light polarization of the RF IPS LC
cell in the oblique direction in the dark state on the Poincare
sphere: (a) at horizontal direction (b) at diagonal direction (¢
=45°).

and it will rotate back to the position C along the path L,
again by the A-plate. The position C is so far from the
opposite position of the analyzer F that serious light leakage
can occur.

In order to enhance the optical viewing angle of the RF
IPS LC cell in the dark state, we propose a wide-view RF
IPS LC cell that can protect the light leakage in oblique
directions as shown the Fig. 8. We apply a negative A-plate
instead of the positive A-plate for reducing the light
leakage in the vertical and horizontal directions. In addition,
we also apply a biaxial half-wave film whose optical axis
is exactly the same as the polarization axis of the paired
polarizer for decreasing the light leakage in the diagonal
direction.

In the horizontal and vertical directions, we observed the
change of the optical axis and the And of the LC layer
and the A-plate in oblique incidence as shown in Fig. 7.
(a). However, the negative A-plate in Fig. 8 can compensate
the deviated polarization of the light passed through the
LC layer by the oblique incident in horizontal and vertical

Analyzer (o : 90°)

Biaxial A2 Film (¢: 90°, Nz = 0.5)

Negative A-plate (¢: 135°, And =0.3612 1)

0.3612 AIPS LC cell (¢: 45°)

Polarizer (¢ : 0°)

FIG. 8. The optical configuration of the wide-view RF IPS LC
cell for wide viewing angle. Nz represents the ratio of
refractive index difference (n, — n.)/(n, — n.).

(b)

FIG. 9. Tllustration of the improved light polarization of the
wide-view RF IPS LC cell in the oblique direction in the dark
state on the Poincare sphere: (a) at horizontal direction (b) at
diagonal direction (¢ = 45°).

direction exactly as shown in Fig. 9 (a). The deviation
angle of the optical axis of the negative A4-plate is 25 on
the Poincare sphere, which is exact opponent position of
the optical axis of the LC layer in oblique direction as
shown in Fig. 9 (a). Therefore, the polarization of the light
can be returned to the start position S; by passing through
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FIG. 10. The calculated iso-luminance of the wide-view RF
IPS LC cell for the dark state.

the negative A-plate even if the light passes through the
LC layer with oblique angle.

In the diagonal direction, the biaxial A/2 plate can move
the deviated polarization of the light passed through the
LC layer to the opponent position F against the position
of the polarization axis of the analyzer on the Poincare
sphere as shown in Fig. 9 (b). As we described in Fig. 7
(b), the polarization position of the light passed through
the LC layer and the negative 4-plate is on the position C.
For oblique diagonal incidence, positions C and F' deviated
with -26 and 26 from the position S; on the Poincare sphere.
Therefore, we can move the polarization of the light on
the position C to the position F along the path Ls by
passing through the A/2 plate as shown in Fig. 9 (b). The
biaxial film with 0.5 of the value Mz has almost constant
value of the retardation and the optical axis in arbitrary
oblique incident angle [8]. Therefore, the biaxal A2 plate
(Nz = 0.5) will successfully move the polarization of the
light passing through the LC layer and the negative A-plate
to the goal position F on the Poincare sphere, so that it
can effectively block the light leakage in the diagonal direction
for dark state.

Figure 10 shows the calculated iso-luminance of the
wide-view RF IPS LCD in the dark state. Iso-luminance in
the Fig. 10 shows the excellent dark state compared to the
conventional IPS LC cell.

IV. CONCLUSION

We proposed an IPS LC cell, that is free of retardation,
by using an applied A4-plate which has exactly the same
retardation as the LC layer. In contrast to the conventional
IPS LCD, the optimized bright state of the RF LC cell can
be achieved by the rotation angle of the LC layer. This
configuration could reduce the cell gap of the LC layer by
quarter-wave retardation without any changes to the optimized
LC materials, so that we could expect the fast response

time by reducing the cell gap of the LC layer. We may
make use of the reactive mesogen (RM) technology instead
of the A-plate in order to complete the RF IPS LC cell
because the RM is more suitable for compensating for the
dispersion of the optical anisotropy of the LC layer than
the A-plate. We also completed a wide viewing property of
the RF IPS LCD by applying a negative A-plate and a
biaxial A/2 plate. We believe that this configuration can be
appropriate to the requirements of the current display
device such as the fast response and the wide viewing
angle. Therefore, the RF IPS LC cell can be applied to the
display devices such as 3D displays that require a very
fast response time and excellent optical properties.

ACKNOWLEDGMENT

This work was supported by LG Display and WCU
program through the Korean Ministry of Education, Science,
and Technology (MEST) (R31-2008-000-20029-0).

REFERENCES

1. M. Oh-e and K. Kondo, “Electro-optical characteristics and
switching behavior of the in-plane switching mode,” Appl.
Phys. Lett. 67, 3895-3897 (1995).

2. A. Takeda, S. Kataoka, T. Sasaki, H. Chida, H. Tsuda, K.
Ohmuro, Y. Koike, T. Sasabayashi, and K. Okamoto, “A super-
high-image-quality multi-domain vertical alignment LCD by
new rubbing-less technology,” in Proc. SID’98 Dig. (San
Francisco, CA, USA, May 1998), pp. 1077-1080.

3. K. H. Kim, K. H. Lee, S. B. Park, J. K. Song, S. N. Kim,
and J. H. Souk, “Domain divided vertical alignment mode
with optimized fringe field effect,” in Proc. 18th Int. Display
Research Conf. (Asia Display '98) (Seoul, Korea,1998), pp.
383-386.

4. D. S. Seo and J. H. Lee, “Wide viewing angle and fast
response time characteristics of nematic liquid crystal using
novel vertical-alignment-1/4m cell mode on homeotropic alignment
layer,” Jpn. J. Appl. Phys. 38, 1432-1434 (1999).

5. L Y. Cho, S. M. Kim, S. J. Hwang, W. I. Kim, M. Y.
Kim, J. H. Son, J. J. Ryu, K. H. Kim, and S. H. Lee, “New
vertical alignment liquid crystal device with fast response
time and small color shift,” in Proc. IDRC’08 (Orlando, FL,
USA, Nov. 2008), pp. 246-248.

6. H. K. Hong and M. J. Lim, “Response time characteristics
of optical shutter of vertical alignment liquid crystal cell
for obliquely incident light,” Liquid Crystals 36, 109-113 (2009).

7. P. Yeh and C. Gu, Optics of Liquid Crystal Displays
(Wiley, New York, USA, 1999).

8. Y. Saitoh, S. Kimura, K. Kusafuka, and H. Shimizu, “Optimum
film compensation of viewing angle of contrast in in-plane-
switching-mode liquid crystal display,” Jpn. J. Appl. Phys.
37, 4822-4828 (1998).

9. X. Zhu, Z. Ge, and S.-T. Wu, “Analytical solution for uniaxial-
film-compensated wide-view liquid crystal display,” J. Dis.
Technol. 2, 2-20 (2006).

10. D.-K. Yang and S.-T. Wu, Fundamentals of Liquid Crystal
Devices (Wiley, Chichester, UK, 2006).




<<
  /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


