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Abstract:    The magamp (magnetic amplifier) is widely used in power supplies due to its low cost, simplicity and other advan-
tages. This paper discusses a novel application of the magamp in switching power supplies, where the magamp is used to regulate 
pulse width modulation (PWM) instead of power signal in the main circuit. This method extends the application of the magamp in 
power supplies, and makes it possible to further regulate control signal when PWMs have been generated. Based on this applica-
tion, a new current-sharing (CS) scheme using the magamp is proposed, which uses a modified inner loop CS structure. In this 
scheme PWMs are generated by one main controller, and CS is achieved by regulating PWMs using a magamp in each module. 
Compared with traditional application of the magamp, the new CS scheme can be used in most topologies and only requires 
magamps of low power capacity. Then a test circuit of parallel power supply is developed, in which CS is achieved by a PWM 
regulator with the magamp. The proposed scheme is also used to upgrade an electroplate power to make it capable of paralleling 
supplies. Experimental results show that the proposed scheme has good CS performance. 
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INTRODUCTION 
 

Paralleling of power converter modules offers a 
number of advantages over a single, high-power, 
centralized power supply. In order to achieve desir-
able characteristics when operating converter mod-
ules in parallel, a variety of approaches, with different 
complexity and current-sharing (CS) performance, 
have been proposed, developed and analyzed in the 
past (Luo et al., 1999; Huang and Tse, 2007). Gener-
ally there are two categories of CS schemes based on 
their operating mechanisms, i.e., droop method and 
active CS method (Irving and Jovanovic, 2000; Kim 
et al., 2002). A CS bus is not necessary in the droop 
schemes, which have a simple structure but poor CS 
performance and poor load regulation rate. An active 
CS scheme is combined with a specific control 
structure and a current-programming scheme. Ac-
cording to the operation mechanism, an active CS 

scheme mainly includes four structures: outer loop 
regulation (OLR) (Jovanovic et al., 1996), inner loop 
regulation (ILR) (Siri et al., 1992a; 1992b; Mao et al., 
2007), double loop regulation (DLR) (Lin and Chen, 
2000), and external controller (EC) (Siri and Banda, 
1995; Jaber et al., 2007).  

The post regulator based on the magamp is 
widely used in multi-output switching power supplies, 
such as the forward converter and the flyback con-
verter (Chen et al., 1989; Huber and Jovanovic, 1999; 
Lin et al., 2005). For accurately regulating the output 
voltage, a controllable saturable inductor is adopted in 
the converter to further regulate the effective duty 
ratio of the voltage on the secondary side. Further-
more the magamp post regulator is also used to realize 
CS in parallel power supplies (Chen and Liang, 2006). 
The regulators with the magamp feature simplicity, 
high reliability, high efficiency and low cost. But in 
the traditional application, the magamp is connected 
to the main circuit and withstands the load current, 
which limits its application to medium and high 
power converters.  
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This paper presents a new application of the 
magamp, which regulates PWMs of the converter 
instead of power signal in the main circuit. Based on 
this application, a new CS scheme with a modified 
inner loop structure is proposed. To verify this 
scheme, a 4.8-kW electroplate power based on par-
alleling of power converter modules is developed. 
Experimental results show the good performance of 
the CS scheme. 
 
 
APPLICATION OF MAGAMP POST REGULATOR 
 

A magamp is an inductor with a magnetic core of 
a closed magnetic circuit. It is saturable and has high 
permeability. Fig.1 shows the B-H curves of an ideal 
magamp.  

 
 
 
 
 
 
 
 
 
 
 
 
The magamp can be used as a pulse regulator, as 

shown in Fig.2a, where up is the pulse sequence 
source, Lm is an ideal magamp, and r is the load. 
Based on volt-second balance during the blocking 
time and resetting time, the block duty cycle can be 
expressed by 

 

rst p(1 ) / ,d d V VΔ = −  

 
where d is the duty cycle of up, Δd is the block duty 
cycle by the magamp, Vrst is the reset voltage, and Vp 
is the amplitude of up. Fig.2b shows the waveforms of 
the pulse regulator using the magamp. The block duty 
cycle is controlled by Vrst. 

For many years, the magamp techniques have 
been mostly applied in the forward converter. As an 
example, the principle is briefly introduced in Fig.3, 
and the relative key waveforms are shown in Fig.4. In 
the forward converter, the regulation of output voltage 

Vs1 is achieved by a PWM of the duty cycle of the 
primary switch Sw1, whereas the output voltage Vs2 is 
regulated by a local magamp feedback loop, which 
modulates the duration of the blocking time of the 
magamp inductor. Besides, the magamp techniques 
applied in other types of converters, such as flyback 
converter (Chen et al., 2002; Wen and Chen, 2005), 
half-bridge converter (Hang et al., 2005), etc., also 
have been studied recently. 

Similarly, the magamp post regulator is also ap-
plied in a parallel system to achieve CS. Chen and 
Liang (2006) proposed a CS scheme in a forward 
DC/DC converter, as shown in Fig.5. In this scheme 
several secondary outputs are paralleled to improve 
the output capability, and magamps are used to 
achieve CS. 
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Fig.2  Pulse regulator using a magamp. (a) Principle of a
pulse regulator; (b) Waveform of the pulse regulator 
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Applied as the post regulator, the magamp has 

the advantages of high efficiency, high stability, high 
power density, simple control and low electromag-
netic interference, but several disadvantages listed as 
follows: 

(1) In this scheme, the magamp is connected to 
the main circuit and withstands all load current of the 
regulated channel, so it requires a relatively high 
power capacity. When the output current increases, a 
magamp with high power capacity is needed, and this 
will lead to high cost and low efficiency.  

(2) It takes time to reset the magamp. If the 
magamp is connected to a main circuit, the current 

passing through the magamp should be discontinuous, 
which limits its application in the majority of to-
pologies. For example, the CS scheme using the 
magamp cannot be used in a buck converter, because 
the load current of a buck converter is continuous and 
the magamp cannot be easily reset.  

 
 

A NOVEL PWM REGULATOR WITH MAGAMP 
 
To avoid the use of a magamp post regulator, a 

novel scheme is proposed in this section. According 
to the principle shown in Fig.1, the pulse width can be 
adjusted by a magamp, so it is possible to regulate 
PWMs but not voltage waves of a power circuit by the 
magamp in power converters. Fig.6 shows how the 
magamp with a small power capacity, if used as a 
PWM regulator, can be applied to the converters with 
medium and high power, where Gv(s) is a voltage 
regulator. 

 
 
 
 
 
 
 
 
 
 
In this scheme, the switching signal is regulated 

directly by the analog signal using the magamp. A 
normal analog circuit or a normal digital circuit is not 
suitable due to the complexity in structure. Compared 
with the digital scheme, the magamp has the advan-
tages of rapid real-time response and high reliability: 
since each pulse is regulated by the magamp at the 
rising edge, there is almost no time delay during the 
implementation of the proposed control scheme, but 
at least one cycle delay as for the digital control 
scheme; the magamp is not sensitive to the rising edge 
jitter of the pulse, which greatly disturbs the digital 
control.  

Using the proposed PWM regulator, a CS 
scheme with the magamp can be applied in a parallel 
supply system with various topologies. As an exam-
ple, a parallel supply system combining four modules 
will be developed in the following paragraphs. 
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Diagram of the parallel converter 
A diagram of the parallel system is shown in 

Fig.7. The main topology of each module is a buck 
converter. The control system is a double loop system: 
the outer loop is a uniform voltage regulator which 
keeps the output voltage stable, and the inner CS loop 
in each module further regulates the PWMs which are 
generated by the output voltage regulator. 

 
 
 
 
 
 
 
 
 
 
 
In this scheme, a modified inner loop CS struc-

ture is adopted, as shown in Fig.8. Current of each 
module is compared with that of the CS bus, and the 
error signal is regulated by Gcs(s). Then the output 
signal regulates the PWM using the magamp. Here 
the CS bus is achieved by the average cur-
rent-programming method, as shown in Fig.9. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design of PWM regulator of magamp 
In general, to get enough time to reset the ma-

gamp, the maximum duty ratio of PWM should be 
restricted. In this paper, an auxiliary logic circuit is 
proposed. The magamp only adjusts the rising edges 
of the PWM and does not respond to the falling edges 
of the PWM. The rising edges and falling edges are 
dealt with separately to avoid the problem caused by a 
large duty ratio. The diagram of the PWM regulator is 
designed as shown in Fig.10, which is implemented 
by the following three steps:  

(1) Change the pulse width of the PWM. When 
the magamp is applied as a PWM regulator, PWM 
should be modified to a certain duty ratio pulse to 
ensure that the magamp can be reset to its original 
magnetic induction status before the next PWM circle 
starts. It is realized by a monostable flip-flop, as 
shown in the dashed block ‘Step 1’ of Fig.10, where 
Pm is the output PWM which has a certain pulse width 
and the same rising edges as Pi.  

(2) Regulate the PWM by the magamp. PWM Pm 
is regulated by a magamp, and then the rising edges of 
Pm are delayed, and the delay time is decided by the 
reset current. The regulator is composed of the ma-
gamp, the amplifying circuit and the reset circuit, as 
shown in the dashed block ‘Step 2’ of Fig.10, where 
Pm1 is defined as the output PWM of the regulator. 

(3) Recover the pulse width. The falling edges of 
Pm1 should be adjusted at the same time with Pi, 
which is achieved by D-flip-flop, as shown in the 
dashed block ‘Step 3’ of Fig.10, where Po is the output 
signal which has regulated rising edges and the same 
falling edges as Pi. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Converter

Voltage 
regulator

Load

Magamp 
regulator

ConverterMagamp 
regulator

PWM 
modulator

CS 
bus

 Original 
PWM

PWM1

PWM2

I1

I2

Uo

Fig.7  Diagram of a parallel supply system

Converter Load

Gv(s)

Gcs(s)

PWM

Uref

CS bus

Module n +

+

Module 1

Uo

I1

Magamp
Sr

…

−

…

−

Fig.8  Control diagram of a parallel supply system

I1

I2

In

CS bus

……

Fig.9  Program method of the current-sharing bus Fig.10  Diagram of a PWM regulator 

Pi

Monost-
able 

flip-flop

Vcc

Sr

Pm
Pm1 Po

GndStep 1 Step 2 Step 3

Q

QSET

CLR

D

Vcc1

Reset



Yao et al. / J Zhejiang Univ Sci A  2008 9(8):1150-1156 1154

Fig.11 shows the changing process of the PWM 
waves during the proposed steps. 

 
 
 
 
 
 
 
 
 
 
 
 

EXPERIMENTAL VERIFICATION 
 
A test circuit with two modules paralleled is 

developed to verify the proposed scheme. The main 
circuit of each module is a buck converter, as shown 
in Fig.12, where T1, T2 are IRF520, D1, D2 are 
MUR820, L1=L2=100 μH, Co1=Co2=100 μF. To show 
the balance effect, different input voltages are se-
lected. Fig.13 shows the experimental results under 
different conditions, where Fig.13a shows the stable 
inductor currents of two modules with the CS scheme 
under the condition Ui1=34 V, Ui2=40 V, Uo=12 V, 
RL=2.5 Ω. Fig.13b shows transient waves of inductor 
currents when the load steps from 2.5 Ω to 4 Ω. 
Fig.13c shows the inductor currents of two modules 
without the CS scheme under the condition Ui1=34 V, 
Ui2=36 V, Uo=12 V, RL=2.5 Ω. The experimental re-
sults show that the proposed scheme has good CS 
performance. 

 
 
 
 
 
 
 
 
 
The most important advantage of the proposed 

CS scheme is to achieve CS with less modification on 
the original control scheme. So we use this scheme to 
upgrade a product of electroplate power and make it 
capable of paralleling supplies with a low additional 
cost.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The main circuit of the power is an isolated 

DC/DC converter with half-bridge in primary side 
and full wave rectifier in secondary side as shown in 
Fig.14, where the input voltage Vin is AC 220 V; 
output voltage Vo is DC 0~12 V adjustable; the 
maximum output current Io of each module is 1000 A; 
the transfer rate of the transformer T1 is 61׃. The ex-
periment load is a plating bath which can be consid-
ered as resistant and capacitor paralleling. The device 
parameters are as follows: IGBTs S1, S2: 600 V/300 A; 
Rectifier bridge B1: 600 V/100 A; Diodes D3, D4: 
100 V/100 A, 10 modules paralleled; Capacitors C1, 
C2: 3300 μF. 

To apply the proposed CS scheme, an additional 
CS module is inserted between the control circuit and 
the IGBT drivers. The experimental results are shown 
in Fig.15, where Fig.15a shows the output current of 
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each module at 25% load, while Fig.15b shows the 
output current of each module at full load. These 
results show good CS performance. 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION 

 
This paper proposes a novel CS scheme using 

the magamp as the PWM regulator instead of the post 
regulator in traditional application. Analysis and im-
plementation show that the new scheme has the fol-
lowing characteristics: 

(1) It is applicable to medium and high power 
DC/DC converters. In this scheme, the magamp 
regulates PWM signals instead of voltage wave of the 
power circuit, so the magamp only deals with low 
power even in a high-power converter. In the pro-
posed electroplate power supply, the output current of 
each module reaches 1000 A, but the power of the 
regulating magamp is less than 1 W.  

(2) It is applicable to the majority of topologies 
in principle, such as BUCK, BOOST and other PWM 

based converters. It takes time to reset the magamp, 
so the traditional post regulator with the magamp 
cannot be used in the topologies with continuous 
output current like the BUCK converter. However, 
the proposed scheme can achieve CS in most to-
pologies. 

(3) It is a simple control scheme. In the proposed 
scheme, the magamp regulates the PWM directly, 
which is independent of the control circuit. Therefore, 
several normal modules can be paralleled and CS 
with only a few additional modifications can be 
achieved. 

 
References 
Chen, D.Y., Lee, J., Jamerson, C., 1989. A simple model pre-

dicts small-signal control loop behavior of magamp 
post-regulator. IEEE Trans. on Power Electr., 4(4):402- 
408.  [doi:10.1109/63.41767] 

Chen, W., Han, J., Wen, C.C., 2002. Bi-directional Resetting 
Scheme of the Magamp Post-regulator. Proc. IEEE APEC, 
Dallas, TX, USA, 2:838-842.  [doi:10.1109/APEC.2002. 
989341] 

Chen, Y.T., Liang, J.M., 2006. Paralleling magamp postregu-
lator modules with sliding-mode-control method. IEEE 
Trans. on Ind. Electr., 53(3):974-983.  [doi:10.1109/TIE. 
2006.874257] 

Hang, L.J., Gu, Y.L., Lu, Z.Y., Qian, Z.M., Xu, D.H., 2005. 
Magamp Post Regulation for LLC Series Resonant 
Converter with Multi-output. Proc. IECON, Raleigh, NC, 
USA, p.628-632.  [doi:10.1109/IECON.2005.1568977] 

Huang, Y., Tse, C.K., 2007. Circuit theoretic classification of 
parallel connected DC-DC converters. IEEE Trans. on 
Circuits Syst. I: Fundam. Theory Appl., 54(5):1099-1108.  
[doi:10.1109/TCSI.2007.890631] 

Huber, L., Jovanovic, M.M., 1999. Small-signal modeling of 
nonideal magamp PWM switch. IEEE Trans. on Power 
Electr., 14(5):882-889.  [doi:10.1109/63.788485] 

Irving, B.T., Jovanovic, M.M., 2000. Analysis, Design, and 
Performance Evaluation of Droop Current-sharing 
Method. Proc. IEEE APEC, New Orleans, LA, USA, 
1:235-241.  [doi:10.1109/APEC.2000.826110] 

Jaber, A., Qahouq, A., Huang, L., 2007. Allan, Novel Current 
Sharing Schemes for Multiphase Converters with Digital 
Controller Implementation. Proc. IEEE APEC, Anaheim, 
CA, USA, p.148-156.  [doi:10.1109/APEX.2007.357508] 

Jovanovic, M.M, Crow, D.E., Lieu, F.Y., 1996. A novel, 
low-cost implementation of “democratic” load-current 
sharing of paralleled converter modules. IEEE Trans. on 
Power Electr., 11(4):604-611.  [doi:10.1109/63.506126] 

Kim, J.W., Choi, H.S., Cho, B.H., 2002. A novel droop method 
for converter parallel operation. IEEE Trans. on Power 
Electr., 17(1):25-32.  [doi:10.1109/63.988666] 

Lin, C.S., Chen, C.L., 2000. Single-wire current-share paral-
leling of current-mode controlled DC power supplies. 
IEEE Trans. on Ind. Electr., 47(4):780-786.  [doi:10.1109/ 

0

100

200

300

i1
i2
i3
i4

C
ur

re
nt

 o
f e

ac
h 

m
od

ul
e 

(A
)

0 2 4 6 8 10 120

400

800

1200

C
ur

re
nt

 o
f e

ac
h 

m
od

ul
e 

(A
)

Output voltage (V)

i1
i2
i3
i4

Fig.15  Performance of current sharing with the pro-
posed CS scheme. (a) Load r≈12 mΩ; (b) Load r≈3 mΩ

(a) 

(b) 

Fig.14  Main circuit of a single module

220 V

6:1

Uo

+
S1

S2

D1

D2

D3

D4

B1

C1

C2

T1

−



Yao et al. / J Zhejiang Univ Sci A  2008 9(8):1150-1156 1156

41.857958] 
Lin, W., Rinne, K., Lu, Z., Hua, G., 2005. A High Efficiency 

Gate-driver Scheme of Synchronous Rectifiers for Ma-
gamp Regulation Applications. Proc. IEEE APEC, Austin, 
TX, USA, 3:1478-1484. [doi:10.1109/APEC.2005.1453228] 

Luo, S.G., Ye, Z.H., Lin, R.L., Lee, F.C., 1999. A Classification 
and Evaluation of Paralleling Methods for Power Supply 
Modules. Proc. IEEE PESC, Charleston, SC, USA, 
2:901-907.  [doy.10.1109/PESC.1999.785618] 

Mao, H., Yao, L., Wang, C., Batarseh, I., 2007. Analysis of 
inductor current sharing in nonisolated and isolated mul-
tiphase DC-DC converters. IEEE Trans. on Ind. Electr., 
54(6):3379-3388.  [doi:10.1109/TIE.2007.905966] 

Siri, K., Banda, J., 1995. Analysis and Evaluation of Cur-
rent-sharing Control for Parallel-connected DC-DC 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Converters Taking into Account Cable Resistance. Conf. 
Record of IEEE Aerospace Applications Conf., p.29-48.  
[doi:10.1109/AERO.1995.468915] 

Siri, K., Lee, C.Q., Wu, T.F., 1992a. Current distribution con-
trol for parallel connected converters: Part I. IEEE Trans. 
on Aerosp. Electr. Syst., 28(3):829-840.  [doi:10.1109/7. 
256303] 

Siri, K., Lee, D.Q., Wu, T.F., 1992b. Current distribution con-
trol for parallel connected converters: Part II. IEEE Trans. 
on Aerosp. Electr. Syst., 28(3):841-850.  [doi:10.1109/7. 
256304] 

Wen, C.C., Chen, C.L., 2005. Magamp application and limi-
tation for multiwinding flyback converter. IEE Proc.- 
Electr. Power Appl., 152(3):517-525.  [doi:10.1049/ip-epa: 
20040829] 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


