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Abstract— Inductive link is commonly used in biomedical
telemetry as a method to wirelessly transmit power and/or data,
where coil is very critical to achieve high efficiency. One of the
most important but often ignored parameters of the coils is the
self-resonant frequency. Due to the fact that the parasitic
capacitances are functions of the geometry and winding sequence
of the coil, it is very difficult to calculate the self-resonant
frequency. The lack of knowledge about the self-resonant
frequency greatly limits the design efficiency, especially when the
target operating frequency is high, on the order of tens of MHz.
This paper presents an analytical model to calculate the
self-resonant frequency of multiple-layer coils. A general model of
coils to calculate the total parasitic capacitance is given first and
then an analytical equation for self-resonant frequency is
obtained. The experimental measurement results demonstrate
that the equation can accurately predict the self-resonant
frequency, therefore can be used for guiding the coil design.

I. INTRODUCTION

Inductive links are commonly used in biomedical applications
for wireless transmission of power and/or data [1], [2]. Coil
design is very critical for achieving high efficiency in these
links. Frequency related effects, such as skin effect, proximity
effect and coil’s self-resonance, significantly limit a coil’s
performance and power efficiency. Many coil designs focus on
skin effect and proximity effect [3]-[5], with the goal of
improving the quality factor (Q). Nevertheless, most papers
assume that the self-resonant frequency is well above the coil’s
operating frequency. Without careful design, the coil’s
self-resonant frequency may actually fall below the targeted
operating frequency, resulting in less efficiency or even
unusable design [6]. Therefore, the self-resonant frequency
should be considered at the stage of designing the coil. To the
best of our knowledge, however, only a few publications have
addressed this problem. A method to calculate the parasitic
capacitance between two turns was proposed in [7]. Using the
method in [7], an estimation of the self-resonant frequency for
single-layer coil has been provided in [8]. Due to the
complexity of parasitic capacitive branches in a multiple-layer
coil, a quantitative analysis is not available.

The analysis in this paper focuses on general analytical
expressions for both multiple-layer and single-layer coils’
parasitic capacitances and thus their self-resonant frequencies.
Numerical design examples and experimental data are
presented, with discussions to increase a coil’s self-resonant
frequency.

1-4244-0033-3/06/$20.00 ©2006 IEEE.

II. COILS IN BIOMEDICAL TELEMETRY

A general structure of a coil is shown in Fig.1. In order to
minimize the AC power losses at high frequencies, litz wires,
which are constructed of individually insulated strands twisted
to a circular shape, are commonly used. By choosing the radius
of single strand to be comparable with or even smaller than its
skin depth, the AC power losses due to skin effect and
proximity effect are reduced [9].
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Fig. 1. Multiple-layer litz coil structure and its equivalent circuit.

In Fig.1, ¢, b, D;, and D,,, represent a coil’s thickness, width,
inner diameter and outer diameter, respectively. dj and d; are
the diameters of a single turn and a single strand.

III. SELF INDUCTANCE CALCULATION

As will be shown in the next section, a coil’s self-resonant
frequency is related to its self-inductance. The equivalent
distributive network of a coil at low frequency is illustrated in
Fig. 2.
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Fig. 2 Equivalent distributive network of a coil at low frequency
The self inductance can be computed as
Loy=2M; j+> L . (1)
i,j i

In Eq.(1), M;; is the mutual inductance between turn 7 and
turnj. To calculated M; j, the Ralyleigh quadrature formula [11]
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is used, due to its accuracy and easy implementation. L; is the
self inductance of a single turn and is represented as [10]

L =0.5u,D 1n(D,/d,), 2)
where D; is the average diameter of the conductor loop and d,
the diameter of a single turn.

IV. SELF-RESONANT FREQUENCY OF LITZ COIL
Self-resonant frequency sets an upper limit for the coil’s
operation frequency and should be considered as an important
design parameter. Nevertheless, the estimation of self-resonant
frequencies for multiple-layer coils is very challenging due to
the fact that a coil’s total parasitic capacitance is strongly
affected by the geometry parameters and even the winding
sequence as will be shown later. Several studies have been
conducted to estimate coils’ parasitic capacitance, but are
limited to the turn-to-turn parasitic capacitance or the overall
parasitic capacitance for single-layer coils [7], [8]. Study on
multiple-layer coil has not been done due to the complexity. In
this section, an analytical expression to compute the
self-resonant frequency of a multiple-layer litz coil is given in
section IV-A, followed by numerical calculations of the
turn-to-turn parasitic capacitance and design examples in
section IV-B and I'V-C.

A. Analytical Expression of the Self-Resonant Frequency

An equivalent circuit network for a multiple-layer coil at high
frequency is shown in Fig.3.

As illustrated in Fig.3, a coil is modeled as a distributive
RCL circuit network. Given that the voltage difference between
two strands in the same turn is very small compared with the
voltage difference between turns, the parasitic capacitances
between strands in the same turn is ignored in the model. Each
turn is modeled as one node with unit inductance and AC
resistance. Both inductive and capacitive couplings between
turns (p and k) are modeled as mutual inductance M, and
capacitance C, .
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Fig. 3 Distributive equivalent model of a coil. 7;; represents the current going
through the inductive branch L;, R; is the equivalent ESR of the inductive
branch L;, I, « denotes the mesh current through the parasitic capacitance Cp, 1.
is the external driving current and M, is the mutual inductance between turn p
and k.

At a coil’s self-resonance, the external driving current I,
reaches its minimum. The corresponding frequency
(self-resonant frequency) can be found by solving the network
as shown in Fig.3. To obtain a convenient expression of the
currents at different branches, the Mesh Theorem [12] is used.
Since the number of independent meshes is equal to the number
of parasitic capacitances plus one which comes from the
external driving circuit, we construct the mesh current based on
individual parasitic capacitance. Denoting the mesh current

from node p to node k as Ik, and the external driving current
as I,, I;; is represented as the sum of the mesh currents and the
external driving current
I,=1,—- > 1I,,. A3)
pSi kil

Through the inductive branches, we obtain the voltage

difference between node p and node & as
V=2, OLI, +> > oM I+ IR, @)
psi<k psi<k j#i p<i<k
where L; is the unit inductance of turn 7, M;; the mutual
inductance between turn j and turn 7, and R; the unit ESR of turn
i, as shown in Fig.3.

In biomedical applications, a coil’s cross-section is typically
much smaller than the area of the conductor loop (b<<D,,;,
t<<D,,,). Therefore, magnetic field coupling between two turns
is very strong. To simplify Eq.(4), assuming that the coupling
coefficients between any two turns are 1, thus the flux (@,,;)
going through any individual turn is the same and represented

as
uml Z L[Lr NL] L Z Z Cp.k
i=1,N, i=1,N, p<i,kzi+1 , (5)
= NzL[]e _L[ Z IC/)‘k (k _p)
p<k
where N, is the number of turns. Therefore, the voltage
difference between node p and node k becomes
V,,=ok=p)®,, 290" +R > I, . (©6)

psi<k
Alternatively, the voltage difference can also be computed
through the capacitive branches as

Vok =10, £-90° (@C, ). @

Eq.(6) and Eq.(7) are combined to give the following
expression for the mesh current /¢, as

I, =—@'C,, (k= p)®@,, +®RC,, £90° Z I,. )

unit i p.k
ie[p,k)

To obtain a direct relationship between the external driving
current /,and the frequency, taking the sum of (k-p) I, r and the
resulting equation is

z (k - p)ICp,k = _w2q)unil Z Cp,k (k - p)2

p<k p<k (9)
+ @R 290°Y.C, (k=p)- Y. I,
p<k psi<k

Substituting Eq.(5) into Eq.(9) yields
(l-a)=w’LY.C, (k- p)’ —wR £90° Y .C, (k- p) (10)

p<k p<k
where @ =N,1,/Y 1, (k=p). (1)
p<k

The solution to Eq.(10) is

w=(A%B)/G, (12)
where A=R.£90°) C, (k- p),

p<k
1
B:\/_4Lich,k(k_p) —-R; [Z k(k P)
l_a p<k p<k

and G= 2L[2Cp_yk(k—p)2.
p<k
At the self-resonant frequency of a coil, the external driving
current is typically negligible compared with the sum of the
mesh currents. Moreover, the ESR of a litz coil is much smaller
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than its reactance (opposition to the current flow caused by the
inductance). These conditions can be represented as follows:
). x=0.
ii),. NR,<L=N’L,.
Using the above conditions, we can further simplify Eq.(12)
and find the self-resonant frequency f;.; as

1
Jr =—F—> (13)
o 27[ LC&'E[/'
where L =N/L,,
and C,, =Y.C, (k—p) /N?. (14)
p<k

In Eq.(14), Csyis the total equivalent parasitic capacitance.
Eq.(14) implies that a distributive coil model can be simplified
as a lumped total capacitance Ci.rin parallel with its inductance
when the magnetic field couplings between two turns are
strong.

B. Turn-To-Turn Parasitic Capacitance

Eq.(13) and Eq.(14) can be used to calculate the self-resonant
frequency of a coil once the parasitic capacitances between any
two nodes C,, are given. In this section, we calculate the
turn-to-turn  parasitic capacitance given the geometry
parameters. The cross section of a multiple-layer coil is shown
in Fig.4.
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Fig. 4. Turn-to-turn parasitic capacitance through air gap and insulation layer.

In Fig.4(a), C,, denotes the parasitic capacitance between
turns in different layers, C, the parasitic capacitance between
turns in the same layer, and 6, (e=1,2,3) is the effective angle
between two turns. As illustrated in Fig.4(b), turn-to-turn
parasitic capacitance is a combination of parasitic capacitances
through the insulation layer and the air gap.

The parasitic capacitance contributed by insulting layer per
unit angle is calculated as [7]

Cprue = €08, lry /(1 ~ €)1 (15)
where ¢ is the thickness of the insulation layer, as shown in
Fig.4(b), ry the radius of a single turn and D; the average
diameter of the conductor loop.

The parasitic capacitance contributed by the air gap per unit
angle is approximately computed by

C,, =&7D, /[2(1-cosO)+h/r],
where / is the separation between two turns.

As a result, the total parasitic capacitance per unit angle is
approximately given as

insulate

(16)

C _ O~5Cga,7cinxulau7 (17)
t Cgap +O°5Cmsulale -

Under the condition that ¢ << rj the total parasitic

capacitance between two turns is
6,/2

C,.=&¢, | aDr/lg+es(1-cos0)+0.56,hK0,  (18)
0

As a first order approximation, we assume that each turn
except those on the perimeter of a coil is surrounded by four
turns and the effective angles are the same, which

means6, =6, =6, =6, =90°.

C. Design Example

To increase the self-resonant frequency of a coil, one has to
decrease either the total parasitic capacitance or the inductance.
Generally, the inductance can not be arbitrarily changed, due to
other requirements of telemetry. Therefore a more applicable
way to increase a coil’s self-resonant frequency is to decrease
the parasitic capacitance without changing the inductance. An
effective way to decrease its parasitic capacitance is to increase
the distance between turns. As will be shown later in this
section, the winding sequence of the turns of a coil also affects
the effective self-resonant frequency. To demonstrate this, an
illustration of different coil structures with the same number of
turns is shown in Fig.5.
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(¢) Coil "III" (d) Coil "IV"

Fig. 5. Coil’s cross-sections. (a) Tightly wound litz coil with normal winding
sequence. (b) Loosely wound litz coil with normal winding sequence and
separation between layers. (c) Loosely wound litz coil with different winding
sequence and separation between layers. (d) Loosely wound litz coil with
normal winding sequence and separation between turns in the same layer.

In Fig.5, the numbers in the coils indicate the winding
sequences. All four coils have the same outer diameter. Coil “T”
“IT”, and “III” have the same width. Coil “II”, “III” and “TV”
have the same area efficiency. Coil “II” and coil “III” have
extra separations between two layers. Coil “III” has different

5882



winding sequence. Coil “IV” has separation between turns in
the same layer instead of having separation between layers.

According to Eq.(14), a general expression of the total
parasitic capacitance for coil “I”, “II” and “IV” is

Co =C,(I-)m/N’ +C, Z (2i-1’(m-1)/ N}, 19)
i=(1,1)

where C, is the parasitic capacitance between two nearby turns
in the same layer and C, the parasitic capacitances between
different layers, / is the number of turns per layer, and m is the
number of layers in the winding.

Due to a different winding sequence, the total parasitic
capacitance for coil “III” is expressed as

C,y =C,(I=1)m/ N> +C,I*(m~1)/ N?. (20)

To obtain a coil’s self-resonant frequency, the turn-to-turn
parasitic capacitances (C,, C,) are required and computed for
coils with different winding structures using Eq.(18).

The total parasitic capacitances and self-resonant frequency
of coil “I-IV” are calculated using D,,=3cm, r,=I100um,
¢~3um, and g,~3um. The results are given in Table I.

Table I
Parasitic capacitance, inductance and self-resonant frequency
Of COﬂ ‘LI”, “II’?, “III” and “IV”

C, C, Ceu L Sear
Coil"I" =0 15pF 15pF 17pF | 85uH 4.1MHz
Coil "I" h=r, 15pF 1.0pF | L.5pF | 77uH 15MHz
Coil "II" h=r, 15pF 1.0pF | 1.2pF | 77uH 17MHz
Coil "IV" h=r, 1.0pF | 15pF 16pF | 78uH 4.5MHz

As shown in Table I, coils with separation between layers
(Coil “II” and “III”) have a much higher self-resonant
frequency than those without separation between layers (Coil
“I” and “IV”). A separation between turns in the same layer,
however, does not increase the self-resonant frequency much
(Coil “IV”). Coil “II” and “III” have the same geometry
properties, except the different winding sequence. This
different winding sequence results in ~15% total parasitic
capacitance difference, which implies that the winding
sequence is also important for achieving high self-resonant
frequencies.

Generally, in biomedical applications, there exist strict
requirements on a coil’s outer diameter and thickness, and the
inner diameter of a coil is usually the design parameter left for
further optimization. Therefore, a reasonable separation
between layers can always be achieved at the cost of a reduced
inner diameter.

V. EXPERIMENTAL RESULTS

To verify the proposed theory, we wound several coils with litz
wire AWG 44, and measured their self-resonant frequencies.
For convenience, all the coils are tightly wound, as illustrated in
Fig.4(a). The parameters of different coils are given in Table II.
Also included are measured self-resonant frequencies and the
theoretically predicted results calculated according to Eqgs. (1),
(13), (18) and (19) in the proposed method.

Table II
Experimental verification of coils’ self-resonant frequency

Coil | Coil Parameters Measured Predicted
Seir Jeir

A L=924uH, D,,~36mm, D;=28mm, | 1.2MHz 1.3MHz
b=5mm, N=150, N,=30

B L=111uH, D,~40mm, D;=28mm, | 2.4MHz 2.9MHz
b=5mm, N=50, N,=150

C L=69uH, D,,~40mm, D;=32mm, | 3.3MHz 3.5MHz
b=5mm, N=37, N;=150

D L=60uH, D,,~202mm, D;,=18mm, | 7MHz 6.1MHz
b=0.5mm, N=40, N,=4

E L=45uH, D,,~22mm, D;=18mm, | 3.9MHz 3.6MHz
b=0.5mm, N=34, N,=7

Results from Table II demonstrate that the proposed
analytical model is accurate in calculating the self-resonant
frequency of multiple-layer coils.

VI. Conclusions

A model for calculating the self-resonant frequency of the coil
is proposed and the analytical equation is obtained. Using the
equation, self-resonant frequency can be calculated given the
coil’s geometry parameters and winding sequence. Practical
guidelines to improve the coil’s self-resonant frequency are
also given. The calculation results have been validated and they
are agreeable with the experimental measurement ones.

Acknowledgement
This work is partially supported by the funding provided by
NSF through BMES-ERC.

Reference

[1] W. Liu, et al., “A Neuro-Stimulus Chip with Telemetry Unit for Retinal
Prosthetic Device,” IEEE J. Solid-State Circuits. vol. 35, pp. 148797,
Oct. 2000.

[2] H. McDermott, “An advanced multiple channel cochlear implant,” JEEE
Trans. on Biomed. Eng., vol. 36, pp. 789 — 797, July 1989.

[3] P. N. Murgatroyd, “Calculation of proximity losses in multistranded
conductor bunches,” IEEE Proc., vol. 36, pp. 115- 120, 1989

[4] J. A. Ferreira, “Analytical computation of ac resistance of round and
rectangular litz wire windings,” Proc. Inst. Elect. Eng., vol. 139, pp.
21-25, Jan. 1992.

[5] C. R. Sullivan, “Optimal choice for number of strands in a litz-wire
transformer winding,” [EEE Trans. Power Electron., vol. 14, pp.
283-291, Mar. 1999.

[6] L. Theogarajan, et al., “Minimally invasive retinal prosthesis,” IEEE
International Solid-State Circuits Conference pp. 54-55. Feb. 2006.

[7] A. Massarini, M. K. Kazimierczuk, and G. Grandi, “Lumped parameter
models for single- and multiple-layer inductors,” IEEE Proc., pp.
295-301, June 1996.

[8] A. Massarini and M. K. Kazimierczuk, “Self-capacitance of inductors,”
IEEE Trans. Power Electron., vol. 12, pp. 671-676, Jul. 1997.

[9] G. A. Kendir, et al., “An Optimal Design Methodology for Inductive
Power Link with Class-E Amplifier,” IEEE Transactions on Circuits and
Systems — I, vol. 52, no. 5, pp. 857 — 866, May 2005.

[10] M. N. O. Sadiku, Elements of Electromagnetics. Orlando, FL: Sounders
College Press, 1994.

[11] F. Grover, Inductance Calculations: Working Formulas and Tables. New
York: Dover, 1962.

[12] R. C. Dorf, The Electrical Engineering Handbook, CRC Press, Boca
Raton, 1993.

5883



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


