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Letters

A Magnetically Controlled CLLC-DCX Converter With Output
Regulation Capability

Ting Luo , Quanming Luo , Member, IEEE, and Yuqi Wei , Member, IEEE

Abstract—The CLLC resonant converter operating in dc trans-
former (DCX) mode has excellent features, such as fixed switching
frequency, load-independent voltage gain, full zero-voltage switch-
ing operation, and simple synchronous rectifier control, but the
output voltage cannot be adjusted. To address this issue, this letter
proposes a magnetically controlled CLLC-DCX converter based on
variable resonant inductors. The proposed control method adjusts
resonant inductors to change the equivalent transformer turns
ratio ne while keeping the resonant frequency fixed. Finally, an
experimental prototype is built to validate the proposed magnetic
control method.

Index Terms—CLLC resonant converter, magnetic control,
resonant power conversion.

I. INTRODUCTION

THE CLLC converter, as shown in Fig. 1, is an ideal topology
for isolated bidirectional dc–dc converter due to its high

efficiency and wide zero-voltage switching (ZVS) operation
range, which is often considered a bidirectional version of the
LLC converter [1]. Similar to the LLC converter, pulse frequency
modulation (PFM) is commonly utilized to regulate the output
voltage [2], [3].

As shown in Fig. 2, the PFM adjusts the voltage gain by
varying the switching frequency, in which the ac impedance
of the resonant tank varies with frequency. For S-type CLLC
(LpCp = LsCs) [2], if the switching frequency fs equals the
resonant frequency

fr =
1

2π
√
LpCp

(1)

then the ac impedance on both sides of transformer will be
zero. Therefore, the normalized voltage gain m = nV2/V1 for
resonant point operation (fn = fs/fr = 1) is fixed at 1. This
mode of operation, also known as dc transformer (DCX) mode,
offers advantages, such as load-independent voltage gain, simple
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Fig. 1. Diagram of CLLC converter.

Fig. 2. Normalized voltage gain curve of CLLC converter at different load
current with PFM control.

synchronous rectifier control, and full ZVS operation. The only
drawback is that the output is not adjustable and usually requires
an isolated auxiliary converter in series on the output side [4],
[5].

With PFM, as shown in Fig. 2, the regulation of the out-
put voltage under light-load buck operation requires a signif-
icant change in frequency, while the voltage gain even de-
creases with frequency reduction under heavy-load boost op-
eration. Moreover, a wide operating frequency range will cause
some problems, such as unsatisfactory electromagnetic interfer-
ence (EMI) performance and complicated design of magnetic
components [6].

The structure of a current controlled variable inductor is
shown in Fig. 3(a). The control winding is divided into two
identical parts with the number of turns NDC, and they are
mounted on the left and right legs of the core, respectively. The
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Fig. 3. Current controlled variable inductor. (a) Structure. (b) Principle of
operation.

TABLE I
DESIGN SPECIFICATIONS

Fig. 4. Magnetic part of CLLC converter. (a) Original. (b) Equivalent.

inductor winding, with the number of turnsNAC, is placed on the
air-gapped middle leg of the core. The control current generates
a dc bias magnetic flux density inside the magnetic core, thus
the material magnetic permeability is adjusted by changing the
dc operating point around the knee of the B–H curve, as shown
in Fig. 3(b). There are also other improved types of variable
inductors suitable for various application scenarios [7], [8].

By utilizing variable inductor as resonant inductor, fr will
be adjustable so that fn can be regulated and thus the output
voltage with fixed fs . This type of strategies has been applied
to LLC converters [6], [9]. Similar strategies can certainly be mi-
grated to CLLC converters, but this letter presents an alternative
magnetically control method.

This proposed method regulates the output voltage by varying
the equivalent transformer turns ratio ne instead of the voltage
gainm. Adjusting the resonant inductors based on the parameter
equivalent ensures that the resonant frequency remains constant,
and ne can be freely adjusted. Compared with previous control
strategies, it allows the CLLC converter to maintain the DCX
mode at different V2/V1.

The rest of this letter is organized as follows. Section II
provides the derivation of parameter equivalent principle. In
Section III, the parameter design method of magnetically con-
trolled CLLC is introduced. Experimental results are provided
in Section IV. Finally, Section V concludes this letter.

Fig. 5. Resonant inductors vary with equivalent turns ratio ne.

TABLE II
MAIN PARAMETERS OF THE CLLC CONVERTER

Fig. 6. Experimental prototype.

II. PARAMETER EQUIVALENT

The magnetic network of the CLLC converter, as shown in
Fig. 4(a), comprises three inductances (Lp, Ls, and Lm) and
an ideal transformer characterized by its turns ratio n. Since
these three inductors are not fully independent, there exists an
alternative set of circuit parameters (Lpe, Lse, Lme, and ne),
as shown in Fig. 4(b), that yields identical external electrical
characteristics.
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If the circuits in Fig. 4(a) and (b) exhibit identical external
characteristics, then the following relationship holds:[

vp
vs

]
=

[
Lp + Lm

Lm

n
Lm

n Ls +
Lm

n2

] [ dip
dt

−dis
dt

]
(2)

and[
Lp + Lm

Lm

n
Lm

n Ls +
Lm

n2

]
=

[
Lpe + Lme

Lme

ne
Lme

ne
Lse +

Lme

n2
e

]
. (3)

Since the diagonal elements are identical, (3) provides only
three independent equations but four unknown parameters. This
allows the introduction of an additional constraint. For S-type
equivalent circuit, one may assign LpeCp = LseCs, then the
equivalent circuit parameters are given by⎧⎪⎪⎪⎨

⎪⎪⎪⎩
ne =

(√
b2 + 4/h− b

)
/2

Lme = neLm/n
Lpe = Lp + Lm − Lme

Lse = Ls + Lm/n2 − Lme/n
2
e

(4)

where

b = n

(
Ls

hLm
− Lp

Lm
− 1

)
+

1

hn
(5)

h = Cp/Cs. (6)

III. PARAMETER DESIGN

With the design specifications in Table I as an example, this
section presents the circuit parameters design methodology for a
magnetically controlled symmetric CLLC-DCX converter. The
value of Lmax/Lmin is directly provided in Table I, as it can
be approximately estimated based on the core material and the
maximum dc magnetic field strength.

First, based on the symmetry{
Lpe = n2Lse

Cs = n2Cp.
(7)

For the S-type equivalent circuit, it is necessary that Lpe and
Lse are constant to keep the resonant frequency fr fixed. For
different ne, values of Lp and Ls can be obtained according to
(4) as follows:{

Lp = Lpe + neLm/n− Lm

n2Ls = n2Lse + nLm/ne − Lm
(8)

where Lpe, Lse, and n are unknown constants to be calculated.
Since m is fixed at 1, the output can be regulated as follows:

V2 = V1/ne. (9)

Then, the range of equivalent turns ratio ne should be

ne_max = V1_max/V2_min = 1.125 (10)

ne_min = V1_min/V2_max = 0.9 (11)

where, in this example, V1_max = V1_min = V1.
To ensure that Lp and n2Ls have the same range of variation,

from (8), there is

n =
√
ne_minne_max = 1 (12)

Fig. 7. Relationship between DC bias current and variable inductance value.

and

Lp_max − Lp_min = (ne_max − ne_min)
Lm

n
= 90μH. (13)

Since Lmax/Lmin = 4, there are{
Lp_max = n2Ls_max = 120μH
Lp_min = n2Ls_min = 30μH

(14)

and

Lpe = n2Lse = Lp_max − ne_max

n
Lm + Lm = 70μH. (15)

Then, the variations of Lp and Ls with ne for the example of
Table I are shown in Fig. 5. The resonant capacitors are selected
as follows:

Cp =
Cs

n2
=

1

Lpe (2πfr)
2 = 36nF. (16)

IV. EXPERIMENT

To verify the proposed control method, an experimental pro-
totype with parameters in Table II was built, as shown in Fig. 6.
The relationship between the inductance of the designed variable
inductor and its dc bias current is shown in Fig. 7. The inductance
decreases from 128 to 32 μH when the dc bias current increases
from 0 to 0.48 A, which satisfies the system requirement.

The closed-loop control block diagram of the proposed
method is shown in Fig. 8, where the proportional-integral
(PI) regulator adjusts the output voltage by varying ne. The
inductances of the variable inductors Lp and Ls are calculated
from (8), and then the output currents of the controlled current
sources are obtained from the inductance–current (L–I) curve
shown in Fig. 7. The control circuit of the variable inductor is
shown in Fig. 9. The output of L–I curve in Fig. 8 is transmitted
to the digital-to-analog converter (DAC) via serial peripheral
interface (SPI), converted into a voltage signal, and then deliv-
ered to the voltage-controlled current source consisting of an
operational amplifier and an negative-positive-negative (NPN)
bipolar junction transistor.

Fig. 10 presents the transient waveforms under input voltage
variations, showing that the output voltage remains consistent
before and after the change, thereby demonstrating that the
proposed method achieves closed-loop control.
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Fig. 8. Control diagram of the proposed magnetically-controlled CLLC-DCX converter.

Fig. 9. Control circuit of the variable inductor.

Fig. 10. Step response with zoomed views of V1 changes from 180 to 225 V
when V2_ref = 200 V and RL = 200Ω.

The step response waveforms of the prototype whenV1 = 200
V and reference output voltage V2_ref changes from 180 to 225
V are shown in Fig. 11. In both Figs. 10 and 11, the switching
frequency remains fixed before and after the voltage steps,
and the waveforms of the resonant currents are approximately
sinusoidal. This indicates that the proposed control method can
achieve the DCX mode at different V1/V2.

As shown in Fig. 12, the proposed magnetic control converter
can maintain the output voltage at its minimum value when the
load changes from full load to no load.

Fig. 11. Step response with zoomed views of V2_ref changes from 180 to 225
V when V1 = 200 V and RL = 200Ω.

Fig. 12. Step response with zoomed view of RL changes from 162 Ω to ∞
when V1 = 200 V and V2_ref = 180 V.

Fig. 13 presents a comparative analysis of dynamic responses
with same PI parameters. As illustrated in Fig. 13(a), the PFM
control scheme (with fixed Lp= Ls= 77 μH) exhibits a sig-
nificant switching frequency variation from 179.2 to 119.6 kHz
during the load transient. In contrast, Fig. 13(b) demonstrates
that the proposed magnetic control method maintains greater
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Fig. 13. Dynamic response when load steps from 50 to 200 W at V1 = 200
V and V2_ref = 180 V. (a) PFM control. (b) Proposed magnetic control.

Fig. 14. Measured efficiency at different output when V1 = 200 V.

stability, with the ne showing only a minor adjustment from
1.098 to 1.074.

The efficiency curves at different output are shown in Fig. 14,
where the efficiency varies little over the entire voltage gain
range. The highest efficiency with 200 W load is 96.3% at V2 =
200 V and the lowest is 96% at V2 = 180 V. For PFM control
with synchronous rectification, the efficiency curve at V2 = 180
V is incomplete since the voltage gain cannot be satisfied at light
load.

Both control methods exhibit an efficiency drop under light-
load conditions, mainly because the transformer magnetizing
current does not decrease significantly at light load, and the
proportion of losses caused by it increases as the total power

decreases. Compared with PFM control, the proposed magnetic
control method can improve efficiency over the entire power
range, especially when m deviates from 1.

V. CONCLUSION

In this letter, a magnetically controlled CLLC converter
is proposed. Compared with previous converters, it varies
the equivalent transformer turns ratio ne instead of voltage
gain m to regulate the output. Thus, the converter can op-
erate in DCX mode with fixed m = 1 at different V1/V2,
which brings the benefits of fixed switching frequency, sim-
ple synchronous rectification control, load independent voltage
gain, and full ZVS operation. Finally, the proposed closed-
loop control and parameter design methods are experimentally
validated.

REFERENCES

[1] R. Yu, G. K. Y. Ho, B. M. H. Pong, B. W.-K. Ling, and J. Lam, “Computer-
aided design and optimization of high-efficiency LLC series resonant
converter,” IEEE Trans. Power Electron., vol. 27, no. 7, pp. 3243–3256,
Jul. 2012.

[2] L. Zhao, Y. Pei, L. Wang, L. Pei, W. Cao, and Y. Gan, “Design methodology
of bidirectional resonant CLLC charger for wide voltage range based on pa-
rameter equivalent and time domain model,” IEEE Trans. Power Electron.,
vol. 37, no. 10, pp. 12041–12064, Oct. 2022.

[3] T. Luo et al., “A full-iteration optimal design methodology of CLLC
converter with minimized RMS current,” IEEE Trans. Power Electron.,
vol. 39, no. 10, pp. 11916–11930, Oct. 2024.

[4] W. Feng, P. Mattavelli, and F. C. Lee, “Pulsewidth locked loop (PWLL)
for automatic resonant frequency tracking in LLC DC–DC transformer
(LLC -DCX),” IEEE Trans. Power Electron., vol. 28, no. 4, pp. 1862–1869,
Apr. 2013.

[5] X. Wu, H. Chen, and Z. Qian, “1-MHz LLC resonant DC transformer
(DCX) with regulating capability,” IEEE Trans. Ind. Electron., vol. 63, no. 5,
pp. 2904–2912, May 2016.

[6] Y. Wei, Q. Luo, X. Du, N. Altin, J. M. Alonso, and H. A. Mantooth, “Analysis
and design of the LLC resonant converter with variable inductor control
based on time-domain analysis,” IEEE Trans. Ind. Electron., vol. 67, no. 7,
pp. 5432–5443, Jul. 2020.

[7] D. T. Isaac and J.-H. Park, “Performance enhancement of multi-resonant
high-Q converters using a variable resonator element,” in Proc. 7th Int. Conf.
Power Electron. Syst. Appl. - Smart Mobility, Power Transfer & Secur., ,
2017,, pp. 1–6.

[8] Y. Lu, Y. Yang, and L. Zhang, “Design of LLC resonant converter
based on magnetic-valve variable resonant inductor for wide input voltage
range,” in Proc. CPSS IEEE Int. Symp. Energy Storage Convers., 2024,
pp. 1050–1055.

[9] J. M. Alonso, M. S. Perdigão, D. G. Vaquero, A. J. Calleja, and E. S.
Saraiva, “Analysis, design, and experimentation on constant-frequency
DC-DC resonant converters with magnetic control,” IEEE Trans. Power
Electron., vol. 27, no. 3, pp. 1369–1382, Mar. 2012.



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 <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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


