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This paper reports a side-coupled asymmetric 1X2 plastic optical fiber coupler for an optical
sensor system. The dependence of the optical power coupling ratio on the coupling angle and refractive
index of the adhesion layer in both the forward and backward directions was examined based on
the geometrical optics. It was confirmed experimentally that the coupling ratios can be optimized
by controlling the coupling angle and refractive index of the adhesion layer. A maximum forward
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coupling efficiency > 93% was achieved.
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I. INTRODUCTION

An optical sensor system is generally composed of an
optical source, a sensor element and an optical detector.
In order to separate the optical sensor signal from the
optical source, complicated optics, which are composed
of several aligned optical components, such as mirrors,
lenses and/or beam splitters, are often used in optical
sensor systems. A coupler is used in optical communication
and sensor systems to divide or combine the optical
signals. The complicated optics in a sensor system can
also be replaced by a simple fiber coupler.

Plastic optical fibers (POFs) are often used in the
field of short distance optical communications and fiber
optic sensors. The large core size and high numerical
aperture of the POF facilitates optical beam launching
into the fiber from an external source as well as the
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connection between plastic fibers. POF couplers have
been developed based on the side-polishing method [1,2],
the fusion and pulling method [3], and the fiber mixing
method [4]. However, these couplers are not suitable
for separating the sensor signal from the optical source.
The POF coupler in optical sensor systems requires the
optical source beam to be delivered to the sensing tip
without loss, while the optical sensor signal created by
the sensing tip travels backward to the optical detection
port without leakage into the optical source port. How-
ever, to the best of our knowledge, there has been no
report of a POF coupler satisfying this requirement.

This study investigated both theoretically and experi-
mentally an asymmetric 1X2 plastic fiber coupler for
a POF sensor system. An angle polished plastic fiber
(APPF) was attached to the side of the main plastic
fiber (MPF). The core size of the MPF was considerably
larger than that of the APPF. The structure of the
coupler was similar to the beam combiners [5-7], which
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FIG. 1. Structure of the proposed asymmetric POF
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are constructed from silica fiber for a high power fiber
laser. A theoretical study on the forward coupling ratio
from the APPF to MPF, and backward coupling ratio
from the MTF to APPF was carried out based on the
geometrical optics. The influence of the device geometry
on the characteristics of the coupler was analyzed. Cou-
plers with various coupling structures were fabricated and
characterized.

II. THEORETICAL CONSIDERATION

We employed the geometrical optics to calculate
theoretically the forward and backward coupling ratios
because the core diameter of the plastic fiber is much
larger than an optical wavelength. The optical absorption
in the epoxy layer used for combining the APPF and
the MPF was neglected. The thickness of the adhesion
layer was assumed to be uniform and much larger than
the wavelength. Therefore, the evanescent field coupling
was not taken into consideration.

Figure 1 shows the configuration of the asymmetric
plastic coupler for a POF sensor. The light source beam
was launched into the APPF and then coupled to the
MPF. Not all the light rays can be coupled to the MPF
due to the Fresnel reflection at the two interfaces of
the adhesion layer. In addition, such optical rays that
transmitted through the interfaces, however, were inci-
dent on the core-cladding boundary of the MPF with
a small incident angle cannot be guides by the total
internal reflection. An optical sensor signal, such as
fluorescence or reflected light, was created at the sensor
tip attached to the end of the MPF. A part of the optical
sensor signal travels back along the MPF to the optical
detection port.

A typical light ray incident on the interface from the
APPF is shown in Fig. 1. The symbol 6 denotes the
angle between the optical ray and the fiber axis. The
coupling angle v is defined as the angle between the
axis of the MPF and APPF. 3 and a are the incident
angles of an optical ray at two boundary surfaces.© is
the incident angle of the ray on the MPF core-cladding
cylindrical boundary surface. The symbols, n;, ns and
ns, denote the refractive indices of the APPF core,
adhesion layer and MPF core, respectively.

] is a unit vector in the direction of an incident ray
in the APPF. In Cartesian coordinates as shown in Fig.
2, I can be expressed as follows:

[ = %cosdsin+ Jsingsin @+ Zcos @ (1)

The APPF axis was taken as the z axis in the Fig.
2. The major axis of the elliptic interface surface lies
in the zz plane and its minor axis lies in yz plane. ¢
is a skew angle, which is the angle between the z axis
and the projection of the ray to the zy plane. The out-
ward normal 7 is given by

n=xcosy+zsiny (2)

The incident angle 3 at the first interface I is the
angle between / and 7. From geometry

cos f=1-ii (3)
ie.,
[ = arccos(cosgsin @ cos y + cos @ sin y) (4)

Based on Snell’s law

sina = —Lsin B =n, sin (5)
nZ

In the second interface, Snell’s law is written as follows:
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n,

sin® =—2sina =n, sina (6)

n,

where © is the angle of refraction at the second interface.
The incident angle of the ray on the core-cladding
boundary surface of the MPF, which is the same as O,
must be greater than the critical angle to experience
the total internal reflection.

O(0,p,y) >arccos(NA4,, /n,) (7)

where NA,, is the numerical aperture of the MPF. The
transmittance at the two interfaces can be expressed
in terms of the Fresnel's law.

m _ sin2fsin2a

sin’ (B +a) (8a)
sin2fsin2a
1§M =— B : (Sb)
sin“(f+a)cos (f—a)
in 2 sin 20
77 sin
» sin’(a +0) (8)
sin 2y sin 20
ng _ 4 (8(21)

sin’ (a+0O)cos’ (o —O)

In the above expressions, T2 and Ty are the transmit-
tance at the first and at the second interface. The super-
scripts TE and TM stand for the TE and the TM polar-
ization, respectively. The angles, o, 3, and are © functions
of the ray parameters 6, ¢, and ~. Consequently, Tis
and Tys are also functions of 0, ¢, and v. We neglect
the weak multiple reflection between the two interfaces
and assumed that the light beam is unpolarized. The
total transmittance T(0, ¢, v) is given by

1
T(@,(/J, 7/) - E{TlgETZZE + ngngM } (9)

Eq. (7) shows that not all the light in the APPF can
propagate in the MPF. Therefore, the filter factor, F(6,
®, v), is necessary for calculating the forward ratio.

F(0.0.7

0, ©(0,p,y)<arccos(NA4,, /n,
)= { ?.7) ) (10)

1, ©(0,¢,y) > arccos(NA,, /n,)

The total power laumched into the MPF can be expressed
as follows [6]:

1 parcsin(NA,/m) 27
) [ PO.0)T(0.0.9)F (6,0.1)dpd6 (11)

coupled — 2 30

where NA, is the numerical aperture of the APPF. P
(6, ¢) denotes the optical power distribution in the APPF.

From sensor tip

To optical detection
To optical source

FIG. 3. Configuration of backward coupling

The total optical power in APPF is given by

1 arcsin(NA 4 /ny b4
[ po.p)dpde (12)

whole — 2z o

The coupling ratio from the APPF to the MPF can
be expressed as

1 parcsin(N4,/m) 27
P — [ P0.9)T(0,0.)F (0,9, 7)dpd0
_ coupled _ 2 J0 0
nv D 1 arcsin(NA, /m ) ZﬂP P dodd
% " jo (0,p)dp

(13)

The backward coupling ratio must be suppressed because
the light signal from the sensor tip propagating back
to the optical source port can cause optical source insta-
bility. In order to express the trajectory of a backward
ray, new Cartesian coordinates, x', y' and z', and the
cylindrical coordinates, 7', ¢’ and z' were set up, as
shown in Fig. 3. The z' axis was parallel to the MPF
axis.

The light signal generated by a sensor tip travels back-
ward and reaches the detection port. Part of the back-
ward signal that hits the interface area S may leak into
the APPF and to the optical source as shown in the
Fig. 3. The shaded region S’ is the projection of the
elliptical surface S onto the x'y' plane. Only those optical
rays in the region S’ can hit the polished interface area
S in the direction of I'(¥',¢"). A backward traveling
ray is defined by ¥’ and ¢'. ¥ is the angle between
the z' axis and I'. ¢’ is the skew angle between the projec-
tion of I’ onto the x%' plane and the x' axis. @ is the
incident angle at the interface, which is the angle between
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the normal of the interface (i) and the unit
propagation vector (I'). In this new coordinate, 7 is
parallel to the y' axis. Hence,

cos®' =sinP'sin g’ (14)
and
®' = arccos(sin¥'sin @) (15)

According to Snell’s law,
sina'=(n,/ n,)sin®' =n,, sin O’ (16)

where o is the refractive angle of the backward ray
at the second interface.

The surface area S of APPF is 1/sinvy times the cross-
section area A of the APPF fiber,

S=A4/siny (17)
The shaded area §' is given by
S'=Stan 0'sing’ (18)

Leaky power at the coupler can be expressed as follows
[7]:

" arcsin(N4,, /n;) .4 S g - — . "
L=, [} SPEHTCE ghagay’ (19)

where D is the cross section area of the MPF. T" is the
total transmittance at the coupler and is given by the
product Ts2Ts;. The reverse transmittance, Ts; and Toy,
can be obtained in the same way by use of Fresnel's
law.

Not all the leaky power can be coupled back to the
optical source and some rays cannot satisfy the condition
required for total internal reflection of the APPF.
Therefore, the filter factor is necessary for calculating
the coupling ratio from the MPF to APPF.

v o |0, PP 4 y) Sarccos(NA, /n,)
F.¢.n= {l, L'(Y',¢',y)>arccos(NA, / n,) (20)

The coupled power through the APPF can be written
as follows:

arcsin(Ndy, /7;)

’
couplerd L

ff% PCY .Y @) (V.4 y)dgdy’
(21)

The backward coupling ratio from the MPF to the

APPF can be expressed as

A1) 7 i e b
1 AL j'oP(‘I‘,¢)T(‘P,¢)F(‘P,¢,y)tan95m¢d¢d‘l’
A - aresin(NA,, /ny 27

Pl siny D [ o )jo PV, $)dpd¥'

E:Jupled _

Meackwara =

(22)

where P(¥',¢") denotes the optical power distribution
in the MPF. Eq. (22), when comparing with the eq.
(13), indicates that the backward coupling ratio can be
controlled by changing the ratio of the core diameters
of two fibers while leaving the forward coupling ratio
unchanged.

III. NUMERICAL ANALYSIS

The above theoretical model was used to simulate
the propagation of light rays through the coupler. The
ratio of the core diameter of the APPF to the core diam-
eter of the MPF was 1:2. The optical power distribution
in the fiber was assumed to be uniform. The index of
refraction was the same for two fibers, i.e. n/=ns=1.49,
which was taken from the reported specification for the
commercial POF. The numerical aperture was 0.48 for
both the APPF and the MPF.

Fig. 4 shows the dependence of the forward coupling
ratio on the coupling angle v and refractive index of
the adhesion layer n;. The forward coupling ratio of the
proposed coupler was strongly dependent on both param-
eters, v and n:. The coupling ratio decreases with increas-
ing coupling angle v, because more light rays do not
satisfy the total internal reflection condition and cannot
be propagated along the MPF.

The highest coupling ratio was observed when the
refractive indices were matched, n,=n;(=n3), which is
due to the fact of no reflection at the interfaces. As
the refractive index of the adhesive layer differs from
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Coupling efficiency

Coupling angle [deg.]

FIG. 4. Calculated forward coupling ratio in accordance
with the coupling angle for various refractive indices of
the adhesion layer
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FIG. 5. Calculated backward coupling ratio in accordance
with the coupling angle for various refractive indices of
the adhesion layer

FIG. 6. Photograph of the angle polished POF

FIG. 7. A fabricated asymmetric POF coupler with 8°
coupling angle

the refractive index of the POF core n)(=n3), the coupling
ratio decreases as a result of the reflection at the
interfaces. In the case that n; is smaller (n,<n;=n;), a
considerable portion of rays suffer total internal reflection

at the first interface. This can explain the even smaller
coupling ratio in the case of n,<nm;, which manifests
clearly for small coupling angles, as shown in Fig. 4.

Fig. 5 shows the dependence of the backward
coupling ratio on the coupling angle v and refractive
index of the adhesive layer n,. The decrease in the back-
ward coupling ratio was attributed mainly to the ratio
of the cross section area of the two fibers. As the coupling
angle increases, the backward coupling ratio decreases
as a result of a decrease in the interface area of the
APPF (S), which is inversely proportional to siny. In
the present simulation, a small decrease in the cross
sectional area of the MPF due to the side polishing was
not taken into account.

On the other hand, the dependence of the backward
coupling ratio on the refractive index n; is mainly due
to the reflection at the interfaces. As the value of n;
deviates from n;, more rays become reflected at the
interfaces. The effect of the total reflection in the case
of n;<n; was not manifested and only the relative index
difference is significant, which is quite different from
the case of the forward coupling.

A comparison of the simulation results suggests that
a high forward coupling ratio from the APPF to MPF
and a low backward coupling ratio from the MPF to
APPF cannot be accomplished simultaneously simply
by adjusting the coupling angle or refractive index of
the adhesion layer. The two requirements have a trade-
off relationship.

IV. EXPERIMENTAL RESULTS

Two types of POF with different core diameters were
prepared. The core diameters of the MPF and APPF
were 3.0 mm and 1.5 mm, respectively. The refractive
indices of the core and cladding were 1.49 and 1.41 at
630 nm, which are the same for the MPF and APPF.
A number of jigs were prepared to polish the APPF
with different polishing angles. APPFs with a polishing
angle of 5°, 8°, 12°, 16° and 20° were fabricated. A side
of the MPF was removed and polished to expose the
core, and the APPF was mounted on the exposed surface
of the MPF by use of adhesives. The polished area of
the MPF was adjusted to the end surface area of the
APPF. Fig. 6 shows the prepared polished APPFs with
five different coupling angles and Fig. 7 shows the image
of one of the fabricated couplers.

Two types of epoxy were used for the adhesion layer,
KS-9 and NOASI1, whose refractive indices were 1.49
and 1.56, respectively. A total of 10 couplers with 5
different coupling angles and 2 different refractive indices
of the adhesion layer were examined. The forward and
backward coupling ratios were measured using a laser
diode beam with a 635 nm wavelength launched into
the APPF or MPF through a multimode glass fiber.
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FIG. 8. Measured forward coupling ratio of the fabricated
coupler
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FIG. 9. Measured backward coupling ratio of the fabri-
cated coupler

A reference POF, whose length was the same as the
MPF with a coupler, was prepared for a reference coupling
ratio. The coupling ratios were calibrated by comparing
the measured throughput powers of the reference POF
and the POF with a coupler section.

Fig. 8 shows the measured forward coupling ratios
of the fabricated coupler. Although there was a slight
difference between the theoretical prediction and experi-
mental results, the overall parameter dependence of the
experimental result is in good agreement with the simu-
lation. SK-9 was adopted for the index matched epoxy.
The difference between the theoretical and experimental
results may be attributed to several reasons such as
surface roughness of the interfaces due to imperfect
fabrication process and inhomogeneous optical power
distribution.

Fig. 9 shows the measured backward coupling ratios
of the fabricated coupler devices. For couplers fabricated
with a refractive index matched epoxy SK-9, the coupling

ratios were less than the theoretical values. This could
be resulted from the scattering loss at the imperfect
interfaces. On the other hand, for couplers with the
NOAS8I1 epoxy, the experimentally measured values for
the backward coupling ratio were much higher than the
theoretical predictions. This relatively high backward
coupling could be due to the scattering loss at the
imperfect interfaces.

A trade-off relationship between the higher forward
coupling ratio and lower backward coupling ratio was
demonstrated experimentally for the structural parameters,
the coupling angle and the refractive index of the adhesion
layer. An asymmetric coupler with a high forward coupl-
ing ratio can be achieved easily by adopting a low coupling
angle along with an index matched adhesion layer.

V. CONCLUSION

This paper reported a side-coupled asymmetric POF
coupler for optical sensors with a high forward coupling
ratio and low backward coupling ratio. An angle polished
POF was side-coupled into a main plastic fiber. The
dependence of the coupler performance on the coupling
angle between the two fibers and on the refractive index
of the adhesion layer was investigated both theoretically
and experimentally. A trade-off relationship between
the forward coupling ratio and backward coupling ratio
was found for the structural parameters, the coupling
angle and the refractive index of adhesion layer. The
proposed asymmetric coupler can replace the complicated
optics for splitting or combining the optical source and
optical sensor signal and can be used widely for fluores-
cence and reflection sensors.

ACKNOWLEDGMENT

This study was supported by the Center for Photonic
Materials and Devices at Chonnam National University
under grant R12-2002-054. This research was also par-
tially supported by the program for the Training of
Graduate Students in Regional Innovation and the
program for Regional Strategic Industries which was
conducted by the Ministry of Commerce Industry and
Energy, Korea.

REFERENCE

[1] Dae-Geun Kim, Sae Yoon Woo, Dong-Kwan Kim, Seung-
Han Park, and Jin-Taek Hwang, “Fabrication and Char-
acteristics of Plastic Optical Fiber Directional Couplers,”
J. Opt. Soc. Korea, vol. 9, no. 3, pp. 99-102, 2005.

[2] J. Zubia, U. Trusta, J. Arrue, and A. Aguirre, “Design
and characterization of a plastic optical fiber active



Side-Coupled Asymmetric Plastic Optical Fiber Coupler for--+ - Kwang Taek Kim et al. 261

coupler,” IEEE Photon. Technol. Lett., vol. 10, no. 11, A non-fused fiber coupler for side-pumping of double-

pp- 1578-1580, 1998. clad fiber lasers, Opt. Comm., vol. 220, no. 4-6, pp.
[3] K. Imoto, H. Sano, and M. Maeda, "Plastic optical fiber 398-395, 2003.

star coupler,” Appl. Opt., vol. 25, no. 19, 3443-3447, [6] P. Ou, P. Yan, M. Gong, and W. Wei, “Coupling effi-

1986. ciency of angle-polished method for side-pumping tech-
[4] C. Yang, X. Sun, Y. Wang, M. Zhang, and D. Ding, nology,” Opt. Eng., vol. 43, no. 4, pp. 816-821, 2004.

“1X7 plastic optical fiber coupler using cylindrical mixing [7] P. Ou, P. Yan, M. Gong, W. Wei, and Y. Yuen, “Studies

rod,” Proceedings of SPIE, vol. 4603, pp. 183-187, 2001. of pump light leakage out of couplers for multi-coupler
[5] J. Xu, Junhua. Lu, G. Kumar, Jianren. Lu, and K. Ueda, side-pumped Yb-doped double-clad fiber lasers,” Opt.

Comm., vol. 239, no. 4-6, pp. 421-428. 2004.




<<
  /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


