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Abstract. This paper exploits the advantages of using a 
cascaded connection of dc-dc step-up stages for a series string of 
photovoltaic (PV) panels in a single-phase residential/commercial 
grid connected installation. It is demonstrated that when multi-
string PV systems are adopted in order to minimize shadowing 
problems, it is required to employ some approach to reduce the 
switching losses (turn-on losses of MOSFETs and mainly diode 
reverse-recovery losses) of the dc-dc step-up stages. As a multi-
string PV system is normally comprised by several dc-dc step-
up stages, integrated soft-switching topologies are attractive due 
to their compactness, reliability and low cost. Thus, this work 
proposes to use an integrated zero-voltage transition (ZVT) 
cell, which assists all dc-dc step-up stages and employs a very 
compact circuit, enabling to minimize the switching losses, 
improving the system efficiency. The proposed cell makes use 
of a magnetically-coupled auxiliary voltage source 
implemented by adding a secondary winding on the input 
inductors. In order to validate the proposed topology, 
experimental results are presented. 

Key words 
Multi-string photovoltaic (PV) system, dc-dc step-up 
converter, zero-voltage switching (ZVS), zero-voltage-
transition (ZVT). 

1. Introduction 
Nowadays, there has been a significant growth of the 
photovoltaic (PV) market mostly due to the proliferation 
of grid connected PV systems [1]. Likewise other 
intermittent renewable sources, to optimize the PV array 
area and make the implantation of grid connected PV 
systems economically viable, it is essential to drain the 
maximum power produced by the PV panels, which is 
accomplished by means of a maximum power point 
(MPP) track algorithm [2]-[3] commonly applied to the 
front-end dc-dc stage. 

Due to dissimilarities of panel production, different 
temperatures and irradiations – due to panel orientation, 
aging or partial shading [4] – PV modules cannot produce 
identical energy in an array. Hence, in a long string PV 
array, this situation may result in the lost of the MPP, 
which reduces the overall efficiency of the entire array 
and, in some cases, can cause degeneration of the panels 
due to the hot spot phenomenon. To ensure the maximum 
production of electricity even when shading or other 
dissimilarities are present, decentralized PV systems have 
been proposed in the literature. Some works demonstrate 
that a gain of up to 16% of generated energy could be 
achieved with decentralized PV systems [5]. 

In general, decentralized PV systems split the maximum 
power point tracker (MPPT) stage, which can be dedicated 
exclusively to a single or a small group of PV panels. 
Decentralized systems can be grouped in three different 
approaches, namely module integrated systems [6], string 
and multi-string systems [7]. 

As a multi-string PV system is comprised by several dc-
dc step-up stages, to reduce the turn-on losses of 
MOSFETs and diode reverse-recovery losses of all dc-dc 
stage is a quite complex task since the auxiliary circuitry 
may increase significantly the converter size, weight and 
cost. Additionally, a large semiconductor count could 
reduce the reliability of the PV system. 

This way, this paper exploits the advantages of using a 
cascaded connection of dc-dc step-up stages for a series 
string of PV panels in a single-phase 
residential/commercial grid connected installation with an 
integrated soft-switching topology [8]. It is proposed the 
use of a very compact integrated zero-voltage-transition 
(ZVT) circuit, which assists all the dc-dc step-up stages, 
enabling to minimize both the turn-on losses of 
MOSFETs and diode reverse-recovery losses. 

2.  Performance of Multi-String MPPT Stages 
Multi-string PV systems combine the use of individual MPPT 
algorithm with the lower costs of a central inverter PV system 
[9], reducing the possibility of shadowing mismatches. 

Fig. 1 (a) shows the efficiency comparison of multi-string 
PV systems with one through four input dc-dc step-up 
stages. The analyzed system makes use of the Hypothetical 
Standard Module (HSM) specified in Table I. The step-up 
stage parameters and components are defined in Table II. 
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Fig. 1.  Decentralized multi-string dc-dc step-up stage 
performance. (a) Efficiency of hard switched system. 

(b) Semiconductor power loss balance. 
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It can be seen in Fig. 1 (a) that the efficiency is proportional 
to the number of input stages. It occurs because the larger 
the number of stages is, the lower the input dc-dc converter 
gain is for the same dc bus voltage (defined as 250 V), 
reducing the RMS current through the transistor and the 
related conduction losses. Additionally, the switching losses 
(turn-on losses of MOSFET and diode reverse-recovery 
losses) are also minimized because the voltage applied on 
semiconductor devices is reduced. 

The distribution of the losses for each dc-dc step-up stage is 
presented in Fig. 1 (b). It can be concluded that switching 
losses in both diode and MOSFET are reduced as the output 
voltage of the dc-dc converters is reduced. Thus, two dc-dc 
step-up stages are the critical situation for single-phase PV 
systems, were a 400-450 V bus voltage is required for the 
220 Vrms standard inverter stage. It can be seen for the two 
MPPT case that both transistor turn-on and turn-off losses 
represents about 23% of the semiconductor losses, and the 
diode switching losses represents about 35%, confirming the 
importance of reducing the switching losses. 

3.  Proposed Integrated ZVT Cell 
According to Section II, large reverse-recovery currents of 
the diodes affect the system efficiency. To overcome this 
problem, passive [10] and active approaches [11]-[12] have 
been proposed for the dc-dc step-up converter. Zero-voltage 
mode techniques, such as the ZVT, are especially suitable to 
overcome the aforementioned drawback because it reduces 
the diode reverse-recovery losses by controlling the di/dt 
slope of the current during the turn-off of the diode. 
Furthermore, it effectively minimizes the switching losses 
and also promotes the absorption of the parasitic 
capacitances energy of semiconductor devices [13], 
minimizing the turn-on capacitive losses when majority 
carrier devices such as MOSFETs are employed. 

Fig. 2 (a) shows a generic diagram of a decentralized 
multi-string PV system employing ZVT cells. It can be 
seen that any dc-dc step-up stage presents an individual 
ZVT cell. There are several ways to implement the ZVT 
auxiliary commutation circuit (ACC), depending on how 
the auxiliary voltage source (AVS) of the ACC is 
synthesized [11]. Nevertheless, in its simplest way, the 

AVS is comprised by an inductor and a pole composed by 
a switch and a diode, as depicted in Fig. 2 (b). In 
converters that present a filter inductor, as the dc-dc step-
up converter, an AVS implemented by a magnetic-
coupling with the filter inductor, as proposed by [14], is 
advantageous because the voltage source is implemented in 
the same magnetic core of the filter inductor, and the 
auxiliary inductor can be implemented by means of the 
leakage inductance [15]. This way, these features result in 
a very compact topology in that there are no extra magnetic 
components, as presented in Fig. 2 (c). 

A.  The Integration Concept 

In order to reduce the ACC component count in 
decentralized PV multi-string systems, a new integrated 
ZVT cell is proposed, as shown in Fig. 3, which employs 
a very compact circuit that can assist all dc-dc step-up 
stages, as shown in Fig. 3 (a). The proposed integrated 
ZVT cell can also assist other topologies, such as the dc-
dc step-up/down stages presented in Fig. 3 (b). The 
proposed ACC makes use of a magnetically-coupled 
AVS implemented by adding a secondary winding on the 
input inductors. The ZVT cell presented in Fig. 3 makes 
possible to minimize the diode reverse-recovery losses of 
D1 to Dn by controlling the di/dt slope of their currents, 
and to assist the turn-on of S1 to Sn simply by using a 
phase difference of 360º n  among their command 
signals, where n is the number of dc-dc step-up stages, or 
by synchronizing their turn-on commutations. 

B.  Integrated ZVT Cell Operation 

For simplicity, it is considered only one dc-dc step-up 
converter, as presented in Fig. 4, where the coupled-
inductor was replaced by its cantilever model [15]. 
Furthermore, the input inductor (L1) was approximated by 

Table I – Parameters for the Simulated Hypothetical Standard Module 
 

PARAMETER VALUE 
Open circuit voltage, VOC 
(short circuit current, ISC) 21.9 V (8.02 A) 

Peak power voltage (current) 17.6 V (7.39 A) 
Panel peak power 
(number of panels of the array) 130 W (3) 

 

Table II – Simulated Input dc-dc Step-up Stage Parameters. 
 

PARAMETER VALUE 
Switching frequency, fs 100 kHz 
Input filter inductor, L (N of turns) 285 μH (22 turns) 
Ferrite core NEE – 65/26 
Maximum flux density, BMax 0.2 T 
Copper wire 3x63x37 AWG (Litz) 
Output capacitor, Co 470 μF 
Main switch (MOSFET) / Diode IRFP460 / 8ETH06 
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Fig. 2.  Decentralized multi-string ZVT systems. (a) Generic 

circuit diagram.  (b) Simple auxiliary circuit. 
(c) Magnetic-coupled ACC. 
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a constant current source (IL1) during the switching period. 
This approximation can be made if the magnetizing 
inductance of the coupled-inductor (Lm) is much larger 
than the leakage inductance (Lx) and the ripple of the 
current through L in a switching period is small. 

Mode 1 ( )0t t≤ : previous to the ACC operation, S1 is turned 
off and D1 is conducting IL1, as presented in Fig. 4 (a) and in 
Fig. 5 for 0t t≤ . During this mode, the voltage on Cs1 (vS1) 
and the current through Lx (iLx) are Vo1 and zero, respectively. 

Mode 2 ( )0 1t t t< ≤ : aiming to commutate IL1 from D1 to S1, 
the auxiliary switch Sx is turned on at “t0.” The circuit 
configuration during this mode is represented in Fig. 4 (b) and 
the main theoretical waveforms in Fig. 5 for 0 1t t t< ≤ . The 
voltage on Cs1 is Vo1 and the current through Lx increases 
linearly with a slope given by ( )1 1o i xN V V L− . It is 
important to notice that the turns ratio (N) must be positive in 
order to apply a positive voltage on Lx. This mode ends at “t1,” 
when NiLx(t) reaches IL1 and D1 turns off with a controlled 
di/dt slope. The time duration of this mode, defined as 

1 1 0t t tΔ = − , can be calculated by (1). 

( )
1

1 2
1 1

x L

o i

L I
t

N V V
Δ =

−
 (1) 

Mode 3 ( )1 2t t t< ≤ : this mode begins at “t1,” when D1 turns 
off, and both Cs1 and Lx go to a resonant process. The circuit 
configuration during this mode is represented in Fig. 4 (c) and 
the main theoretical waveforms in Fig. 5 for 1 2t t t< ≤ . The 
voltage on Cs1 goes zero during the resonant process. The 
current peak through Lx can be calculated by (2)-(3). 

1 1 1
( )

o i L
Lx max

V V I
i

Z N
−

= +  (2) 

1x sZ L C=  (3) 

In order to achieve the zero-voltage-switching (ZVS) 
condition to S1, it is mandatory that vS1(t) reduces to zero 
volt. It can be demonstrated that the restriction (4) must 
be observed in order to satisfy the aforementioned ZVS 
condition. The restriction (4) implies that the converter 
gain must be always higher than two. 

1

1

2o

i

V
V

≥  (4) 

This mode ends at “t2,” when vS1(t) reduces to zero and is 
clamped by the antiparallel diode of S1. Thus, the time 
duration of this stage, defined as 2 2 1t t tΔ = − , can be 
calculated by (5)-(6). 

1
2

1 1

1 i

n i o

Vt arccos
V Vω
⎛ ⎞

Δ = ⎜ ⎟−⎝ ⎠
 (5) 

1
n

x s

N
L C

ω =  (6) 

Mode 4 ( )2 3t t t< ≤ : after vS1(t) reaching zero at “t2,” the 
antiparallel diode of S1 stars conducting, as presented in Fig. 4 
(d). The voltage on Cs1 remains clamped at zero volt and the 
current through Lx decreases linearly with a slope given by 

1i xNV L− . It is important to notice that N must be positive in 
order to apply a negative voltage over Lx. The main theoretical 
waveforms are presented in Fig. 5 for 2 3t t t< ≤ . This mode 
ends at “t3,” when NiLx(t) reduces under IL1 and S1 starts 
assuming gradually IL1. The time duration of this mode, 
defined as 3 3 2t t tΔ = − , can be calculated by (7)-(8). S1 must 
be turned on under ZVS during this mode. 

( )( )2 1
3 2

1

x Lx L

i

L Ni t I
t

N V
−

Δ =  (7) 

( ) ( )1 1 1
2 2

o i L
Lx n

V V I
i t sin t

Z N
ω

−
= Δ +  (8) 

Mode 5 ( )3 4t t t< ≤ : at “t3,” when S1 starts assuming 
gradually IL1, the circuit goes to the configuration 
represented in Fig. 4 (e). The circuit operation is similar to 
that in the previous mode. The main theoretical waveforms 
are presented in Fig. 5 for 3 4t t t< ≤ . This mode ends at 
“t4,” when iLx(t) reduces to zero and Dx1 turns off under a 
controlled di/dt slope. It is important to highlight that after 
the turn-off of Dx1, Sx can be turned off under zero-current 
switching (ZCS). Thus, an IGBT can be employed as 
auxiliary switch. The time duration of this mode, defined 
as 4 4 3t t tΔ = − , can be calculated by (9). 
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Fig. 3.  Proposed multi-string PV system with integrated ZVT cell. (a) Decentralized with step-up MPPT stages (boost converters).       
(b) Decentralized with step-up/down MPPT stages (buck-boost converters). 
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x L
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L I
t

N V
Δ =  (9) 

Mode 6 ( )4 5t t t< ≤ : after Dx1 turning off at “t4,” S1 
conducts IL1. Thus, vS1(t) and iLx(t) are both zero. During 
this mode, represented in Fig. 4 (f), the pulse-width 
modulation (PWM) is implemented. This mode ends at 
“t5,” when S1 is turned off. The main theoretical 
waveforms are presented in Fig. 5 for 4 5t t t< ≤ . 

Mode 7 ( )5 6t t t< ≤ : this mode begins at “t5,” when S1 is 
turned off and IL1 is transferred to the snubber capacitor Cs1. 
This way, Cs1 is charged linearly with a slope given by 

1 1L sI C . The circuit configuration during this mode is 
represented in Fig. 4 (g) and the main theoretical waveforms 
are presented in Fig. 5 for 5 6t t t< ≤ . This stage ends at “t6,” 
when ( )1 1S ov t V=  and D1 starts conducting IL1, clamping 
vS1(t) at Vo1. Additionally, the time duration of this mode, 
defined as 5 6 5t t tΔ = − , can be calculated by (10). 

1 1
5

1

s o

L

C V
t

I
Δ =  (10) 

Mode 8 ( )6 7t t t< ≤ : this mode only exists due to the 
intrinsic capacitance of Sx (CSx). In the following analysis, it 
is assumed that the linear charge of Cs1 (snubber 
commutation) was finished. Thus, the voltage applied over 
L1 is 1 1i oV V−  at “t6.” This voltage, reflected to the ACC 
side, turns Dx1 on and enables Lx and CSx to start a resonant 
process. The circuit configuration during this mode is 
represented in Fig. 4 (h) and the main theoretical waveforms 
in Fig. 5 for 6 7t t t< ≤ . This mode ends at “t7,” when iLx(t) 
reduces to zero and Dx1 is turned off. This way, the circuit 
returns to the configuration of Fig. 4 (a) (mode 1). The 
voltage over Sx at “t7” presents the level defined in (11). 

( ) ( )7 1 12Sx o iv t N V V≤ −  (11) 

4.  Design Methodology 
The design methodology for the proposed ZVT circuit 
is based on the selection of Lx and N in order to satisfy 
the restrictions that guarantee the proper ACC 
operation and also limit the voltage and current 
stresses in the semiconductor devices of the dc-dc 
step-up stages. The detailed project methodology is 
presented in [16]. Applying this methodology, the 
auxiliary circuit parameters have been chosen as 

7.1μHxL = and 1.21N =  in order to satisfy the 
restrictions defined in Table III. 
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Fig. 4.  Operation modes of a single dc-dc step-up stage with the proposed integrated ZVT cell. 
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Fig. 5.  Theoretical waveforms of the proposed ZVT topology.
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5.  Experimental Results 
In order to verify the effectiveness of the proposed 
topology, an experimental analysis is carried out for a 
single dc-dc step-up converter employing the integrated 
ZVT cell presented in Fig. 3 (a). The semiconductors 
employed in the prototype are summarized in Table IV, 
as well as some additional ACC specifications. 

For this analysis the PV panels were emulated by a constant 
voltage source with a voltage level equal to the MPP voltage, 
and the MPP current was drained from the voltage source by 
adjusting the duty-cycle of the dc-dc step-up converter. 

Fig. 6 presents the experimental waveforms of the 
converter operating at nominal power. In Fig. 6 (a)-(b) are 
presented the stead-state waveforms of the command 
signals of both main (vGS1(t)) and auxiliary switches 
(vGSx(t)), as well as their voltage (vS1(t) and vSx(t), 
respectively), and the current through the auxiliary 
inductor (iLx(t)). It is possible to see in Fig. 6 (a)-(b) that 
the ACC intervention demands a small portion of the 
switching period (due to a project restriction [16]). It must 

be noted that the linear rising of iLx(t) (with di/dt controlled 
by Lx) corresponds to a linear falling of the current through 
D1, reducing its reverse-recovery losses. It is possible to 
see in Fig. 6 (b) that Sx1 is turned off after iLx(t) reaching 
zero, characterizing a ZCS commutation. 

Furthermore, Fig. 6 (c) presents the details of the turn-on 
commutation of S1. As can be seen in Fig. 6 (c), the main 
switch S1 is turned on only after vs1(t) reaching zero, 
characterizing a ZVS commutation. For a comparison 
purpose, Fig. 6 (d) presents the turn-on commutation of 
S1 without the ACC assistance. 

Fig. 7 shows the measured efficiency of the dc-dc step-up 
prototype evaluated experimentally as a function of PV 
module power for a set of irradiances defined a priori. It 
can be observed that the efficiencies are inversely 
proportional to the PV module power, since the conduction 
losses increase with the module current. In spite of it, the 
integrated ZVT dc-dc prototype presented higher 
efficiency for the entire range of powers. 

Table III – Converter Specification and Semiconductor 
Limitations 

 
PARAMETER VALUE 

Input power (Pin) 390 W 
Switching frequency (fs) 100 kHz 
Input voltage (Vi1) / Output voltage (Vo1) 52.8 V / 250 V
Max. voltage over Sx (vSx(max)) / Dx (vDx(max)) 480 V / 480 V
Max. current through the ACC (iACC(max)) 13 A 
Max. di/dt of D (di/dtD) and Dx1 (di/dtDx) 100 A/μs 
Snubber capacitor (Cs1) 480 pF (COSS) 

Table IV – Semiconductor Devices and ACC Specifications 
 

PARAMETER VALUE NOTE 
Main switch (S1) IRFP460 Discrete MOSFET
Main diode (D1) 8ETH06 Discrete Diode 
Aux. switch (Sx) IRG4BC20UD Discrete IGBT 
Aux. diode (Dx1) 8ETH06 Discrete Diode 
Ferrite core NEE – 65/26 – 
Cooper Wire 3x63x37 AWG Litz 
Input inductor (L1) 285μH  – 
Aux. inductor (Lx) 7.1μH  Leakage 

Turns ratio (N) 1.21 N (pri) = 22 x 3 
N (sec) = 27 x 1 

Ch1: 100 V/div
Ch3: 5 A/div Ch4: 20 V/div

Time: 2 us/div
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Fig. 6.  Experimental results. (a) Main circuit in stead-state operation. (b) Auxiliary commutation circuit in stead-state operation. 
Comparison between the (c) ZVS and (d) Hard-switched commutations. 
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6.  Conclusion 
This paper presented and analyzed an integrated ZVT cell 
that makes use of a magnetically-coupled AVS implemented 
simply by adding a secondary winding on the input 
inductors of the dc-dc step-up stages. The proposed ACC 
assists all the dc-dc step-up converters of a decentralized 
multi-string PV system employing a very compact circuit, 
reducing the cost and size of the overall system, and 
improving its performance by reducing the turn-on 
capacitive losses of the main switches and the diode reverse-
recovery losses. Thus, the benefits of using multi-string PV 
systems, such as reducing the possibility of shadowing 
mismatches and increasing the generated energy are kept 
without penalizing the system reliability and cost. 

The proposed integrated ZVT topology was analyzed 
theoretically and experimentally. The proposed topology 
was validated by experimental results obtained from a 
single dc-dc step-up converter operating at 390 W and 
100 kHz. The experimental results proved the 
effectiveness of the converter. 
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Fig. 7.  Converter efficiency in function of solar irradiation in a 
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https://doi.org/10.24084/repqj09.476 855 RE&PQJ, Vol.1, No.9, May 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




