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Electrophotographic Printing of RFID Antenna Coils on
Cofired and Postfired Ceramics
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Abstract—Digitally printed electronics are a major field of
activity in research and industrial applications nowadays, espe-
cially in thick-film technology. Within the last decade great
progress has been made in print electronics toward the goal
of supplementing or replacing the established screen printing
technology. The advantage of digital printing is its capability for
rapid production without any layout-specific tools (i.e., screens).
This highly flexible production method is especially applicable for
prototyping and small series productions.

Electrophotography, commonly known as laser printing, has
been considered very rarely as a method for digital printing of
electronic circuits. It is a completely solvent-free method with
high speeds and a high potential for precision. At Helmut
Schmidt University, electrophotography is being developed as an
alternative method to print silver lines as a basis for a conductive
layout.

Following the publication of the first set of conductive silver
lines to be printed, this paper covers the development from initial
conductivity to a functional circuit element. Deficits in toner
transfer to tape are examined and a more effective transfer
method is established. Furthermore, the used silver toner is
improved, and its performance is tested regarding the desired
application. Silver lines are printed on green tape and sintered in
a cofiring process, as well as on ceramic using a postfiring process.
After reaching a certain level of quality, a set of functional RFID
antenna coils is printed that proves the capability of the process
to create a conductive layout.

Keywords—Electrophotography, conductive silver lines, printed
electronics, RFID

INTRODUCTION

igital printing of electronic circuits is an essential issue

for many current applications and research works. In
recent decades, great progress has been made in implementing
digital methods in order to supplement or replace established
screen printing.

At the Institute of Automation Technology of Helmut
Schmidt University (HSU) in Hamburg, Germany, electropho-
tography, commonly known as laser printing, is investigated as
a production method for printing conductive layouts for thick-
film applications.
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The electrophotographic process, shown in Fig. 1, consists of
several stages that exist in different variations. In the following,
the process is described as it is used in the present study.

Its core is an organic photoconductor drum (OPC) that
rotates inside the printing device. Initially, it is charged via a
corona. An LED bar selectively discharges spots on the OPC
so that a latent image of the desired picture is formed. The
drum passes the developer station, where toner particles adhere
to the discharged areas of the OPC.

Before the toner can adhere to the drum, they must have
charge attached, which is accomplished by tribocharging.
Inside the developer station, a two component mixture of
toner and ferrite carrier particles are stirred mechanically.
Thereupon, the carrier and toner particles tribocharge each
other. The properly charged toner particles are developed onto
the OPC while the ferrite carrier particles remain inside the
developer station.

Afterward, the toner particles are transferred to the sub-
strate, where they are fused using an IR heater. The OPC
is cleaned and discharged and the process starts again [1, 2].

Electrophotography is a very common method for conven-
tional printing applications like office printers, book printing,
and so on. However, up to the current time, very few approaches
were published to use it as a method for printing functional
particles. Experiments were made to test conductive copper pow-
der in an electrophotographic environment [3]; also printing of
3D objects has been investigated [4]. A patent exists regarding
electrophotographic printing of circuit patterns or even of multi-
layer wiring boards [5], but so far no published results of printing
a conductive layout are known to the authors.

In cooperation with CtG PrintTEC and Zobrist Engineering,
silver toners are tested in a printer prototype, with the goal
of printing conductive silver lines as a basis for electronic
circuitry.

The feasibility of the technology was generally proven and
formerly published [6], but the results left room for further
improvement.

In this paper, the printing device is improved and new
toner is implemented. This paper describes the progress from
initially printing small amounts of silver on green tape
to functional laser-printed conductive elements, specifically
RFID coils, on ceramics.

A. Toner Transfer to Substrate

The transfer of toner to the substrate is one of the
stages in the electrophotographic process. Usually, in graphic
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applications, carbon black or colored toner is transferred
from the OPC to paper.

Two common methods exist: A transfer roller or a transfer
corotron [1]. In its first version, our printer was equipped
with a transfer roller, where the substrate is guided in between
the OPC and the roller. A transfer voltage is applied to the
roller. Thus, the toner particles are transferred via mechanical
as well as electrical force from the OPC to the substrate. This
method has two major disadvantages. First, it is only possible
to print onto elastic substrates, which excludes already fired
ceramics. Second, research results show that the toner is not
transferred well onto green tape [6].

Usually, with this transfer method, the toner transfer satu-
rates at a certain transfer voltage [7]. However, contrary to
printing on paper, the saturation level is not reached when
printing on green tape, as Fig. 2 shows. Therefore, a high
amount of toner stays on the OPC and is not transferred onto
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Fig. 1. Schematic overview of the electrophotographic process [1].
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Fig. 2. Deposition of carbon black toner on paper and green tape with a
conventional transfer roller (bars represent standard deviation).

the tape. Further experiments confirmed that this effect occurs
with silver toner as well.

These results led to a redesign of the printer. As a change of
minor importance, a so-called conditioning roller was removed
from the printer. This roller was a patented feature of the first
printer prototype [8]. It was used in the preliminary study [6],
but it never had a proven effect.

More importantly, the transfer method was changed. Instead
of using a regular transfer roller as mentioned above, the
toner was transferred from the OPC onto a special transfer
roller, from which it was deposited on the substrate, as Fig. 3
shows. The substrate was charged via two coronas. This pat-
ented method is only applied in a few prototypes; it is uncom-
mon in regular electrophotographic applications [9].

Still, toner is transferred via mechanical as well as electrical
force. However, with this method, it can be printed on inelastic
substrates, such as fired ceramics. Furthermore, the gap
between the transfer to paper and the transfer to green tape is
closed. Fig. 4 shows the results of an experiment where carbon
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Fig. 4. Deposition of carbon black toner on different green tapes and papers
(bars represent standard deviation).
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black toner was printed on eight different types of green tape
as well as two types of paper.

No significant differences in the deposition of these
substrates were observed, except for tape D. Test prints with
silver toner show a more homogenous transfer of toner on
green tape than before, as evaluation of the optical line density
shows.

However, layer thickness does not reach the maximum level
achieved with the former transfer method. It could be that a
high amount of toner stays on the transfer roller and is not
transferred to the substrate. Under this assumption, the surface
properties of the roller are responsible for this drawback. How-
ever, it also has to be considered as a general drawback of this
method.

As a positive result, the surface charge via the coronas
works very well with green tape. A solution using direct de-
posit of the toner from the OPC toward the substrate (without
the transfer roller) should be considered and examined.

B. Toner Improvement

In addition to redesigning the printer, further development
of the silver toner was necessary. The main issue when creat-
ing a toner from conductive silver powder is ironically its
conductivity. A toner must be nonconductive in the electro-
photographic process. Otherwise, it would lose its charge
quickly and also cause short circuits inside the printer.

Zobrist Engineering from Switzerland has the capability of
producing silver toner. However, this toner comes with sev-
eral limitations. It is not as chargeable as a conventional
toner, and too many particles with the wrong charge polarity
occur. Furthermore, it is only possible to use spherical silver
particles as a basis; a toner based on flakes has not worked
so far. Nevertheless, as already mentioned, the feasibility of
the process could be proven with this first generation toner,
called CO1.

To overcome these limitations, a method using pretreated
silver particles is implemented at HSU. As a first test, a mix-
ture of spherical and flake-shaped silver particles was
pretreated, and a toner called C02, containing 69 wt% of these
particles, was manufactured by Zobrist Engineering. Fig. 5
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. 5. Charge distribution of C02 silver toner.
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shows its charge distribution, measured with the EPPING
g/d-meter [10].

It is remarkable that it is possible at all to create a toner out
of these particles. Prior tests to do so failed. The toner shows
an acceptable charge, high homogeneity, and a relatively low
number of particles with the wrong polarity.

In addition, another toner called C03 is produced. It is based
only on spherical silver particles, which were equally pre-
treated and afterward processed into a toner. Compared to
C02, it contains an equivalent amount (69 wt%) of silver and
promises even better charge properties. Both toners are tested
in this study for printing conductive layouts. With these toners,
it is possible to print very homogeneously on green tape and to
generate silver toner lines with a higher density than before
when performing only a single printing cycle. Such a line is
displayed in Fig. 6.

Still, particles are deposited around the line where they are
not intended to be. Although the density of the lines could be
improved as shown in prior tests [6], a single printing cycle
still is not sufficient to generate a conductive line after firing.

Thus, multiple print cycles have to be considered as a solu-
tion to create conductive silver lines. To do so, it has to be
determined whether the toner particles are fused between the
print cycles or not. It could be that the charge of the transfer
roller removes toner particles from the substrate with further
print cycles. However, as Fig. 7 shows, the amount of toner
deposited on the substrate stays in general pretty equal with
every additional print cycle, with fusing as well as without.

Therefore, both methods can be applied in the process.
However, if inaccuracies in positioning occur, fusing in
between cycles prevents toner from getting removed from the
substrate due to the charge of the transfer roller.

C. Cofiring Process

To receive a functional layout after printing, a firing process
was necessary. For this purpose, silver lines were printed using
C02 toner with five and 10 printing cycles onto Ceramtec
LFC100-250CT green tape. Afterward, the tape was cut into
squares with a width of 2 in. Four layers of tape were lami-
nated with a pressure of 200 kN. Only cold lamination was

500pm

Fig. 6. Printed line of silver C02 toner (before firing).
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possible, because the toner particles melted slightly otherwise
and adhered to the press. Release tape was not used to cover
the tape because firing experiments showed that the adhesion
between this tape and the silver lines was so strong after firing
that it could be removed.

In a first approach, the laminated green tapes were fired
with a heating rate of 5°C per minute to a maximum temper-
ature of 875°C with a dwell time of 15 min before cooling
down with equal rate. Although different firing profiles (max-
imum temperature, heating rate, dwell time, steps in between)
were applied, the effects described in the following still
occurred.

Without release tape, the ceramics shrank about 20% in side
length which equals approximately 36% in area. Additionally,
the ceramic bent significantly, as Fig. 8 shows.

This bending effect seems to be caused by a differential
shrinking behavior of tape and toner, based on the silver parti-
cles used. The bending can be easily neutralized by using
equally printed tapes on both sides of the ceramic. In this case
the ceramic was flat after firing. This is not a very satisfying
solution, because mechanical tension can be expected in the
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Fig. 7. Toner transfer with a defined image at multiple print cycles (silver
toner).

Fig. 8. Bending effect of C02 silver lines on a cofired ceramic (2 in X 2 in).

surface area. However, it is considered sufficient for further
testing.

A more severe effect is the appearance of large traverse
cracks within the generally well shaped, but also edgy silver
lines, as shown in Fig. 9. The lines have a relatively high
density and also conductivity can be measured on short
tracks.

The cracks occur in a large number on short sections. The
already mentioned variation of firing profiles does not yet lead
to any satisfying results. Neither slower increase of tempera-
ture, nor burnout at different stages, nor additional firing at
above 900°C have so far eased the problem.

Another experiment to suppress the appearance of these
cracks was to spin-coat the tape with a glass paste above the
silver lines. However, although the coating worked very
well and a fair layer of glass was built up above the lines, the
cracks still appeared beneath the glass as seen in Fig. 10.

Fig. 10. Traverse cracks in silver lines beneath a glass layer after cofiring
process.
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Obviously, it is not possible to overcome this challenging
aspect with C02 toner. The toner adhesion to the substrate is
basically controlled via the amount and properties of the glass
that is added to the toner. This would seem to have a big
impact on the occurrence of cracks.

Glass is added to the toners used in order to achieve ceramic
surface adhesion. In C02, the glass is not optimized regarding
the chosen green tape. This was the idea behind the C03 toner
design, which had a higher amount of glass. Furthermore, the
glass is adapted to the green tape composition.

C03 toner performs very well on green tape and in the
sintering process. Fig. 11 shows a cofired silver line, fired with
a heating rate of 5°C per minute via a 2 h burnout at 300°C to a
maximum temperature of 875°C with a dwell time of 15 min
before cooling at an equal rate.

The cracks observed with C02 do not appear, and a very
homogeneous and sharp silver line with a high density is
formed after firing. Still, some undesired effects occur. The
bending of the ceramic has not been solved in a satisfying
manner, but again it can be neutralized by printing on both
sides. Actually, the problem even intensified due to the good
performance of the toner. It adheres so well to the substrate
that a too high amount of toner creates such a force, that
several substrates broke. The toner must therefore be further
adapted to the substrate.

Nevertheless, very well shaped cofired silver lines can be
created with a low failure rate and high conductivity. Sheet
resistance of these lines ranges between 3 and 15 mQ,
depending on the geometry and number of printing cycles.
Thus, these printed silver lines yield a good base for the
desired cofired RFID coils.

D. Postfiring Process

In addition to exploring the possibility of cofiring laser
printed silver lines and therefore RFID coils, a postfiring proc-
ess is also considered. For this purpose, silver toner is printed
on an already fired aluminum oxide ceramic. This is feasible
due to the changes in transfer described earlier in this paper.

Fig. 11.

Cofired silver line, printed with C03 toner.

Fig. 13.
eration C02 toner (postfiring process).
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Challenges occurred with printing the first generation toner,
CO01, onto the ceramic, as Fig. 12 shows.

The toner does not transfer very well and 10 printing cycles
were performed to get an acceptable amount of toner onto the
substrate. After firing at 650°C (5°C heating per minute, 1 h
dwell, 5°C per minute cool down), a silver line with a very low
density formed, so that only very little conductivity on
inacceptably short tracks was achieved.

The improved CO02 toner shows significantly better perfor-
mance. After five printing cycles, the amount of toner on the
substrate was considered sufficient. Problems occur with the
above mentioned removal of formerly deposited toner by
the transfer roller, due to inaccuracies in hitting the lines with
further printing cycles. This can be solved by fusing the toner
in between cycles. However, the inaccuracies with the current
printer setup lead to broader and less sharp lines than desired.

Nevertheless, relatively well shaped silver lines, as
displayed in Fig. 13, are produced after firing at 650°C (5°C
heating per minute, 1 h dwell, 5°C per minute cool down).

Fig. 12. Laser printed silver lines on ceramic using first generation CO1 toner
(postfiring process).

Laser printed conductive silver lines on ceramic using second gen-
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All printed lines are conductive over their full length (96 mm)
without interruptions. Lines with a width of 1 mm show a
resistance of 8-11 Q, and lines with a width of 0.5 mm show a
resistance of 17-24 Q, both with very little deviation from
measured values (<0.5 Q).

Even better results can be achieved with the CO03 toner.
Fig. 14 shows a silver line on ceramic after a postfiring proc-
ess, applying a heating rate of 5°C per minute via a 2 h burnout
at 300°C to a maximum temperature of 8§75°C with a dwell
time of 15 min before cooling down with the same rate.

The minimum realized line width is about 300 pum with a
sheet resistance in the range of 25 mQ (three printing cycles),
and a sheet resistance of 2 mQ can be achieved at a 1.0 mm
line (10 printing cycles) [11].

Further research is necessary to determine which factor is
decisive regarding conductivity and performance. While the
amount and choice of glass seems to have a massive impact
on sintering the silver lines in the cofiring process, it could not
yet be determined which of the differing factors (firing profile,
particle shape, glass) is definitive regarding conductivity in the
postfiring process. A larger amount of toner first has to be
produced and tested to give clear answers to this question.

However, compared with the cofiring process, the genera-
tion of conductive silver lines using the postfiring process
works pretty easily and without major drawbacks. The fact
that the ceramic does not shrink during the process seems
to improve the adhesion between silver particles and sub-
strate. Cracks do not occur with both toners and mechanical
force does not seem to have any impact on the lines and the
ceramic.

E. Printing RFID Antenna Coils

An antenna is a conductive structure, specifically designed
to couple or radiate electromagnetic energy. An RFID antenna,
in certain ranges, is composed of a coil (inductive loops) to
which the RFID chip gets attached [12].

Using the knowledge described in the prior sections, only
a small step was necessary to produce an RFID antenna coil.

Fig. 14. Laser printed conductive silver lines on ceramic (C03 toner,
postfiring process).

Two simple layouts are chosen to basically represent such
antennas, a single looped coil with a diameter of approxi-
mately 48 mm and a line width of 2 mm, and a triple looped
coil with equal diameter (outer loop) and width. The chosen
width avoids problems with inaccuracies in multiple print-
ing. First, C0O2 toner was tested in printing such coils. Five
printing cycles were performed on already fired aluminum
oxide ceramic and the toner was fused in between. Pictures
of the printed coils after firing at 650°C (5°C heating per
minute, 1 h dwell, 5°C per minute cool down) are displayed
in Fig. 15.

The single looped coil has a resistance of 5.6 Q and an
inductivity of 0.3 pH while the triple looped coil’s resistance
is 19.2 Q with an inductivity of 0.8 pH.

Even better results can be achieved when using C03 toner.
The above mentioned layout is used again, but complemented
by two more sets of coils with line widths of 1.0 mm and 0.5
mm. A picture of such printed coils is displayed in Fig. 16.

The coils were sintered in a postfiring process, with a
heating rate of 5°C per minute via a 2 h burnout at 300°C to a
maximum temperature of 875°C with a dwell time of 15 min
before cooling down at the same rate. The printing and firing
process worked without any problems and no failures in
printed coils were detected. The properties of the coils were
measured using an LCR meter, considering the coil as a series
connection of resistor and inductor. The measurements show
stable values with only little variation. The results are
presented in Table I.

Assuming a typical RFID frequency f of 915 MHz, the
quality factor

27f - L
R

0=

of these coils is in range of 370-2400, which is far better than
required.

Besides the good results in the postfiring process, the
improved performance of the C03 toner also gives the oppor-
tunity of printing cofired RFID coils. To do so, four layers of
CO03 toner were printed on green tape, and the tapes were
sintered with the same firing parameters as already used in the
postfiring process. The respective coils are shown in Fig. 17.

Printing and cofiring the coils is slightly more challenging
than postfiring them. Due to the high amount of silver, the
thicker coils (2 mm width) break occasionally during the
firing process and a certain failure rate occurs. Furthermore,

Fig. 15. Laser printed postfired RFID coils (C02 toner) with an outer diam-
eter of 48 mm, and a width of 2 mm.
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Fig. 16. Laser printed postfired RFID coils (C03 toner) with an outer diam-
eter of 48 mm and widths of 2.0, 1.0, and 0.5 mm.

Table I
Resistance and Inductivity of RFID Coils (C03 Toner, Postfired, Four
Printing Cycles)

Number of loops Line width (mm) L (uH) R (Q)
3 2.0 0.72 1.74
3 1.0 0.78 3.46
3 0.5 0.86 8.03
1 2.0 0.31 0.86
1 1.0 0.34 1.71
1 0.5 0.40 6.15

the bending effect has a much bigger influence because it is
not that easy to exactly position the same layout on the
backside to overcome the effect. However, Table II shows
some results of inductivity and resistance of cofired RFID
coils (also considered as a series connection).

Compared with the values of postfired coils, the variation is
stronger and, due to the failure rate, fewer coils can be exam-
ined. Taking these problems into consideration, nevertheless,
Table II gives a cautious impression of the properties of the
successfully printed cofired RFID coils.

Fig. 17. Laser printed cofired RFID coils (C03 toner) with an outer diameter
of 48 mm, and a width of 1.0 mm.

Table II
Resistance and Inductivity of RFID Coils (C03 Toner, Cofired, Four
Printing Cycles)

Number of loops Line width (mm) L (uH) R (Q)
3 2.0 0.63 1.08
3 1.0 0.67 224
3 0.5 0.68 4.84
1 2.0 0.42 0.42
1 1.0 0.28 1.52
1 0.5 0.30 4.05
CONCLUSIONS

The experiments performed at HSU show that conductive
silver lines, and therefore RFID antennas, can be printed using
electrophotography. The main advantages of this method are
the speed of the process and the high flexibility, allowing for
the possibility to print without any additional tools such as
a screen. Any layout desired could be printed without modifi-
cation of the printer.

The results of printing on green tape are improved signifi-
cantly by changing the method of transfer and by developing
an improved toner. The toner allows for printing on green tape
and sintering the coils in a cofiring process. However, it also
yields new challenges for future research. The results are not
yet sufficient, especially concerning the remanent tension,
bending, and breaking of the ceramic, show that further adap-
tion of toner and tape is necessary. And, although the change
of amount and type of glass seem to be a decisive factor,
the influence of other factors, such as the firing profile and the
silver particles used, must be examined in more detail in
the near future.

Regarding the postfiring process, both toners examined
work very well in printing silver lines as well as RFID
coils. Well-shaped coils with satisfying electrical properties
could be printed, but further research is necessary to learn more
about the influence of the firing process and the particles used.

In addition to the ceramic base used here, it is also within
the realm of possibility to print on many other substrates.
For example, printing an antenna on product packaging together
with graphic toner might be a large field for this application.
The biggest challenge will be the development of a method
to achieve conductivity without a sintering process.
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Furthermore, printer development has to be pushed further.
This is a critical challenge due to the costs that apply. How-
ever, progress in toner performance, especially regarding C03,
is so huge that the printer reaches its constructional limits.
It has to be pushed further in order to print smaller structures
with better scalability.

Nevertheless, the results show the huge potential of electro-
photography for manufacturing conductive layouts of many
kinds. Research at HSU will continue to explore the possi-
bilities in printed electronics.

REFERENCES

[1] M. Hoffmann-Falk, “Digital Printing,” Océ Printing Systems, Poing,
Germany, 2006.

[2] L.B. Schein, “Electrophotography and Development Physics,” Springer,
Berlin, 1992.

[3] C. Wagner, R. Patwardhan, B. Jang, and M. Mahinfalah, “Electrophoto-
graphic direct-write for electronics,” Proceedings of NSTI Nanotech,
2006, pp. 206-209.

[4] J. Jones, D. Wimpenny, G. Gibbons, and C. Sutcliffe, “Additive
manufacturing by electrophotography: Challenges and success,” Pro-
ceedings of NIP26 and Digital Fabrication 2010, pp. 549-553, 2010.

[5] A.Kamada, I. Kato, and N. Sakai, “Circuit forming charging powder and
multilayer wiring board using the same,” US Patent #US 6,2145,508 B1,
2001.

[6] D. Biittner, B. Zobrist, A. Schonberger, D. Jung, and K. Kriiger, “Laser
printing of conductive silver lines,” Proceedings of NIP26 and Digital
Fabrication 2010, pp. 139-142, 2010.

[7]1 H. Al-Rubaiey and P. Oittinen, “Transfer current and efficiency in
toner transfer to paper,” Proceedings of NIP 17, 2001, pp. 648-652.

[8] D. Jung, A. Schonberger, and C. Hornickel, “Developer unit for an
electrophotographic printing device for printing on glass or ceramic
material,” International Patent #WO 2008/128648 A1, 2008.

[9] W. Weinberg, P. Auchter-Krummel, and D. Jung, “Device for applying
decors and/or characters on glass, glass ceramics and ceramic products,”
International Patent #WO 00/25182, 2000.

[10] A. Kiittner and R.H. Epping, “Theory and practice of a small toner-
charge-spectrometer,” Proceedings of NIP 14, 1998.

[11] D. Biittner, W. Diel, K. Kriiger, “Digital printing of conductive silver
lines: Comparison between inkjet and laser printing,” Proceedings of
ECerS XII, 2011.

[12] H. Lepahmer, “RFID Design Principles,” Artech House, Boston, MA, 2008.

2202 J8quianoN L0 uo isenb Aq ypd 06z sdewl/,069122/8G/z/8/spd-ajoe/dewl/wod ssaidus)e: uelpliawy/:dpy woly papeojumoq



	Electrophotographic Printing of RFID Antenna Coils on Cofired and Postfired Ceramics
	Introduction
	Toner Transfer to Substrate
	Toner Improvement
	Cofiring Process
	Postfiring Process
	Printing RFID Antenna Coils

	Conclusions



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 1000
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (DJS standard print-production joboptions; for use with Adobe Distiller v7.x; djs rev. 1.0)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice


