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Abstract — This paper presents high-efficiency standby
forward converter integrated with the DC/DC Phase-Shift
Full Bridge (PSFB) converter. By sharing one leg of DC/DC
PSFB converter, the proposed converter features low-
voltage stress, no snubber and zero-voltage switching (ZVS)
over the entire load range. Thus, the proposed converter has
high-efficiency, especially under half load condition.
Furthermore, by using forward-type transformer instead of
flyback-type transformer in the same proposed structure,
the proposed standby forward converter has low
freewheeling current and higher efficiency. Experimental
results of 700W prototype for server power supply system
will be shown to demonstrate the feasibility of the proposed
converter.

Index Terms—forward, high-efficiency, integration, low
voltage stress, server system, standby power, zero voltage
switching.

I. INTRODUCTION

The rate of increase in carbon dioxide emissions is
accelerating. Especially, recent increasing share of
carbon dioxide emissions is associated with the growth
of the information communications technology (ICT)
industry and global information. According to Garner’s
recent report on ICT industry’s carbon dioxide emissions,
server system is responsible for about one fourth of the
total ICT industry’s carbon dioxide emission since
servers consume the amount of electricity for storing
billions of web pages, as shown in Fig. 1 [1].

Power supplies directly consume only about 23% of
total power consumption in server system. However,
60% of power consumption in server system was
directly and indirectly involved in the performance of
power supplies, as shown in Fig. 2 [2]. In other words,
chiller and computer room air conditioner (CRAC)
indirectly require more power to decrease the ambient
temperature since the use of low-efficiency power
supplies causes more heat to be radiated by power
dissipation. Therefore, the low efficiency power supply
is one of the main causes of carbon oxide emission. To
improve efficiency of server power supplies, many
government and organization make the some program
and initiatives, such as the 80 Plus incentive program [3]
and Climate Saver Computing Initiative (CSCI) [4]. The
two programs require that power supplies for computer
applications maintain efficiency above 80% from full
load down to 20% load condition. Thus, the efficiency
should be increased at the light load as well as the full
load [5]. Note that, practical server power system
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operates under half load condition most of the time so
that the server power system’s high-efficiency under half
load condition is required [6]. Therefore the paper
presents new structure to improve the efficiency,
especially under half load condition.

This paper is organized as follows: the configuration,
efficiency and problems of a conventional server
system’s power supply is shown in Section II. And then,
a general approach to use additional components and the
novel approach to integrate with DC/DC PSFB is
presented in Section III and IV, respectively. To help
to understand the proposed standby converter, the
operational principle and analysis are explained in
section V and VI. In the following section,
experimental results of 700W prototype are presented to
demonstrate the feasibility of the proposed forward
converter and the conclusion is drawn.

II. POWER SUPPLY FOR CONVENTIONAL SYSTEM

A. Configuration and Efficiency

Power supply for conventional server system is
simply divided into three major parts: 1) PFC stage, 2)
DC/DC stage and 3) standby stage. Since PFC stage and
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Fig. 3 Stage efficiency at half load

DC/DC stage handle most of the total power, many
researches have focused on them. As a result, PFC stage
and DC/DC stage have high-efficiency. However, there
is a lack of research on standby stage since it deals with
low power. As a result, it shows much lower efficiency
than other stages, as shown in Fig 3. Therefore, this
paper presents a novel high-efficiency standby converter.

B. Conventional Topology

Fig. 4 shows the DC/DC stage and standby stage of
conventional system in detail. PSFB converter is one of
the most widely used soft-switched topologies in DC/DC
stage while flyback converter is one of the most widely
used topologies in simple standby stage.

However, in conventional flyback converter for
standby power, the leakage inductance L, and the
parasitic capacitor C,;, of the standby switch Qp
resonates after the standby switch QA of turned off. It
results in the high-voltage stress across the standby
switch Q4 due to the resonant phenomenon, as shown in
Fig. 5 (a) and (b). The voltage stress of standby switch
Q4 is the input voltage Vs, the reflected voltage from the
secondary side NV and the resonance voltage across
standby voltage. The voltage stress of standby switch Q
is as follows.

L
L , peak a; (1)

=V.+NV +1

QS TB ,max

Therefore, high-voltage-rated device with higher Rgyon
must be used. In order to have the lower voltage stress, a
snubber circuit is usually adopted to deplete the leakage
energy. However, snubber components can increase the
conduction loss. Even so, there still exists overlarge
switch voltages stress.

In addition, hard switching is another problem as the
standby switch Q, is turned on, as shown in Fig. 5 (b).
Therefore, this paper proposes new high-efficiency
standby converter featuring ZVS and low-voltage stress.

III. GENERAL METHOD OF ADDITIONAL COMPONENTS

When some converter’s disadvantages are detected,
additional components are usually used to overcome the
disadvantages. In this case of standby converter, a
number of switches or diodes are added. For example, to
overcome low-voltage converter, two-switch flyback
converter (Fig. 6) could be applied. However it is
considered too complex, too expensive and too bulky for,
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standby power because of high component counts.
Moreover, hard-switching problem still remain. As a
result, at least more than two switches could be used for
soft-switching [7], [8]. However, the use of additional

components causes to increase the cost and power density.
Fig 7 shows the area of each stage in server power supply.

The output power of DC/DC stage is 700W and the
output power of standby stage is only about 17.25W.
Thus, the output power of DC/DC stage is about 40 times
more than the output power of standby stage. However,
the area of the DC/DC stage is only three times larger
than the area of the standby stage. All things considered,
the standby stage has very low power density and has no
space for additional components. Therefore, using
additional components is not a good solution. And the
solution with no additional components is required.

IV. PROPOSED METHOD

To have no additional components, the proposed
standby converter is integrated with the DC/DC PSFB
converter. In conventional system, standby converter is
independent with DC/DC converter, as shown in Fig. 8
(a). On the other hands, the proposed standby converter
is integrated with the DC/DC converter, as shown in Fig.
8 (b). Both stages share one side leg of the bridge
structure. As a result, standby stage features low
component counts, clamped voltage stress of the standby
converter’s switch and ZVS. Therefore, the proposed
converter outweighs the conventional converter in terms
of efficiency, cost, and size.

A. Integration Principle

PSFB converter and two-switch flyback converter
are applied for integration since the voltage stress of
their switches is clamped at input voltage Vg, as shown
in Fig 9 (a). After each side leg of both converters is
integrated into one side leg of the proposed structure,
PSFB converter still works exactly in the same way as
before, and the bridge structure (the switch Q2 and Q4)
help two-switch flyback converter to clamp the voltage
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Fig. 9 Integration between DC/DC stage (PSFB converter) and standby
stage (two-switch flyback converter): (a) before integration, (b) after
integration
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Fig. 10 the waveform of current at the primary side: (a) Flyback-type
transformer (b) Forward-type transformer
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Fig. 12 Characteristic waveform of the proposed converter

stress and achieve ZVS, as shown in Fig 9 (b). The
switch Qg operates as a switch of PSFB converter and at
the same time it takes the role of the standby converter’s
switch Q,;. And, clamping diode Dy still plays the role
of reducing the voltage stress of standby switch Qa, so
that the voltage of standby switch Q4, can be effectively
clamped without snubber. Furthermore, the PSFB
converter’s switch Q, takes the role of the standby
converter’s diode Dg. As a result, the current of standby
converter’s primary side can flow in the reverse
direction since a diode is changed into a switch.
Therefore, the negative current leads to achieve ZVS and
the proposed flyback converter has much lower
switching loss than the conventional flyback converter,
as discussed in more detail in Section V.

B. Forward-type Transformer

The proposed flyback converter overcomes all the
conventional converter’s disadvantages. Unfortunately,
the proposed flyback converter causes the increase in
conduction loss due to high freewheeling current, as
shown from t; to t, in Fig 10 (a). However, freewheeling
current can be reduced if forward-type transformer is
used, as shown from t, to t; in Fig 10 (b). Note that, the
forward-type converter can be designed with the higher
magnetizing inductance L, since it uses the energy stored
in the leakage inductance L,, not the magnetizing
inductance L. Therefore, the proposed forward-type
converter allows much lower freewheeling current to
flow in the switch Q4 and the clamping diodes D4 so that
side effect of integration can be minimized.

V. OPERATIONAL ANALYSIS

Configuration of the proposed forward converter is
shown in Fig. 11. The characteristic waveform is
depicted in Fig. 12. The operational modes of the
proposed forward converter can be classified into six
modes in one switching cycle, as shown in Fig. 13. In
order to perform the mode analysis, several assumptions
are made as follows:

The transformer is modeled as a magnetizing inductor
L., a leakage inductor L, and an ideal transformer with
a turn ratio N (N= Np / Ns). The input voltage Vs and the
output voltage Vo are constant. And, the switches and
the diodes are ideal except for their output capacitors
and body diodes to simplify circuit analysis.

1) Mode 1 (t,~t;) [Fig. 13(a)]

Mode 1 is the powering mode. This mode begins
when the gate signal of Q4 standby switch is high. At to,
the standby switch Q, is turned on with ZVS since the
body diode was turned on before mode 1. Since the
switch Q4 and Q4 is in on-state, the primary voltage of
the transformer is clamped at input voltage Vs Then the
magnetizing current i, and leakage current iy increases
linearly. The difference between the magnetizing current
iLm and leakage current ij, becomes the output current,
which is scaled by the turn ratio N of the transformer.
Since the diode Do conducts and then the secondary
current increase linearly, the energy stored in the
primary side of the transformer is transferred to the
output. This mode ends when the standby switch Q, is
turned off.

The equation of the leakage current iy, and the
magnetizing current iy, are given as:

. , V —NV

by, =l (1) + == (1=1) )
'k

o NV,

b, =y ([o)+ I ° ([—lo) (3)

'm

2) Mode 2 (t;~t,) [Fig. 13(b)]
Since the standby switch Q, is turned off at t;, the
voltage of the standby switch Q, increase up to input
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voltage Vs and the primary voltage of transformer
decreases to zero. And then, the primary current flows
through the switch Q4 and clamping diode D,. At that
time the leakage inductance is applied at the reflected
output voltage from the secondary side, -NV, so that the
leakage current iy, decreases linearly. Also, the energy
stored in the primary side of the transformer is still
transferred to the output. Therefore, this mode is called
leakage current reset mode and powering mode. The
leakage current iy gradually decreases until the leakage
current ir, meets the magnetizing current iy ,,. This mode
and powering mode end when the leakage current iy is
equal to the magnetizing current iy ..

The equation of the leakage current i, and the
magnetizing current iy, are given as:

o NT,

i, ~i, (t)- l,g(t_q) 4)
k

. . NV,

b, =, (t])+ I . (t_tl) (5)

‘m

3) Mode 3 (t,~t;) [Fig. 13(c)]

This mode is freewheeling mode. After the leakage
current iy, meets the magnetizing current i, is turned
off at t,, the primary current continues to flows through
the switch Q, and clamping diode D,. The primary
current is maintained constant from t, to t; so that this

freewheeling current causes the increase in conduction
loss. When the flyback-type transformer is used,
powering is primarily related to the magnetizing
inductance L. Therefore the value of the magnetizing
inductance L, is limited to be chosen. On the other
hands, when the forward-type transformer is used,
powering is less relevant to the magnetizing inductance
L. Therefore the proposed forward-type transformer
with high magnetizing inductance L,, can result in low
freewheeling current. This mode ends when the switch
Q, is turned off.
The equation of the magnetizing current i ,, is given

as:

iLm ~ iLm (tZ) (6)

4) Mode 4 (t;~t) [Fig. 13(d)]

Since the switch Q, is turned off at t;, the primary
voltage of transformer decreases to -Vs. Therefore, the
magnetizing current i, is reset since the negative
voltage is applied to the primary side of the transformer.

The equation of the magnetizing current i, is given
as:

. . 14
i, =i (13)—L—S(t—t3) @)

‘m
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5) Mode 5 (t,~t5) [Fig. 13(e)]

This mode is resonance mode. At t;, the magnetizing
current i, is zero. Since the magnetizing inductance L,
and the leakage inductance Lg resonate with the parasitic
capacitance of the standby switch Q,, the magnetizing
current i, changes a positive direction into a negative
direction during this mode. The negative resonant current
passes through the switch Q,, and then the voltage of the
standby switch Q4 resonates to zero. As a result, the body
diode of the standby switch Q, is turned on and ZVS of
the standby switch Q4 is guaranteed when the standby
switch Q, is turned on.

The equation of the magnetizing current i ,, is given
as:

(®)

V, (
i =- % sin(w,t)

1 (L, +L,)

- Z =
RN AT MR (!

6) Mode 6 (t5~tg) [Fig. 13()]

At the beginning of this mode ts;, the body diode of the
standby switch Q, is turned on. The primary current
circulates through the switch Q, and the body diode of
standby switch Qa. Since the primary current still
maintains negative, the standby Q, switch can be turned
on with ZVS in the next mode.

The equation of the magnetizing current i, is given
as:

L = 1y (L5) 9)

VI. ANALYSIS RESULT

A. DC Conversion Ratio

The proposed forward converter operates in
discontinuous conduction mode (DCM) since its DCM
operation achieves the ZVS of standby switch Q4 and
overcomes reverse recovery problems in the output
rectifier diode Dg. In the steady-state analysis, the
equation of the DC conversion ratio is as follows.

Ve _—Na+Na* +4a (10)
v 2

o L,D’TR,
2L(L, +L,)

)

where duty cycle D is defined as the on-time ratio of
the standby switch Q4.

B. Components stress

In the proposed forward converter, the voltage stress
of the standby switch Q, is clamped to the input voltage
Vs due to the clamping diode D, of full-bridge structure.
Therefore, the proposed forward converter generates no
snubber loss.

C. ZVS Condition

Since standby converter operates for high-
voltage/low-current application, the fixed loss at the
standby switch Q4’s output capacitance occupies under
load variations as follows.

1 C(]\‘\“VYZ
=y (an

The fixed loss forms a large proportion of the total
loss under light load. Therefore, ZVS of the standby
switch QA under half load condition has great influence
over the standby stage’s efficiency.

ZVS of the standby switch Q4 will be achieved only
if the mode 4 (t;-t;) and the mode 5 (t4-t5) is less than
half of the switching period Ts in Fig 10 (b). Since the
mode 4 and the mode 5 constitutes a tiny fraction of the
switching period Ts, the proposed forward converter
achieve ZVS under entire load condition.

The equation of ZVS condition is as follows:

2
Ly VI [0 tgV; ) (G 7 e T (12)
L,+L, 2 2

VI L, \LR(Z =NV

Therefore, standby converter can has high efficiency due
to the ZVS of standby switch Q.

VII. EXPERIMENTAL RESULT

To verify the operation and analysis of the proposed
forward converter, three prototypes are implemented with
specification of Table 1 and Table 2

TABLET
DESIGN SPECIFICATION OF DC/DC CONVERTER

Output power 700W (12V/58A)

Switching frequency 85kHz

Q1, Q2, Q3 and Q4: IPA60R250CP

Device SR, and SR,: IRFB3206
TABLE 1T
DESIGN SPECIFICATION OF STANDBY CONVERTER
Vﬁgge 320V ~ 400V
Output 17.25W (11.5V/1.5A)
power
Core PQ1716(PL-11)
Conventional flyback converter Ly:7mH, Ly:73uH
Inductance | Proposed flyback converter Ln:2mH, Li:55uH
Proposed forward converter Li:4.9mH, Ly:304uH
Conventional flyback converter 21:1
Turn Proposed flyback converter 23.5:1
Proposed forward converter 23:1
Conventional flyback converter Qa:FQP5N80
Switch Proposed flyback converter Qa:FQP2N60
Proposed forward converter Qa:FQP2N60
Diode V60100CT
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Fig. 14 Experimental waveform
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The experimental voltage and current responses of
three different types of converter operating at half load
condition is depicted in Fig. 14. From Fig. 14 (a), the
voltage stress of standby switch Q, is 721V. Therefore,
the high-voltage-rated switch (FQP5N80) is used. Also,
hard switching occurs when the standby switch Qj is
turned on. On the other hands, by observing Fig. 14 (b)
and (c), the voltage of standby switch Q, is clamped at
input voltage, V=400V, which is much smaller than
721V. Therefore, the relatively low-voltage-rated switch
(FQP2N60) is used. Moreover, the primary current keeps
negative before the gate signal of standby switch is high
so that both proposed converter achieve ZVS.

As can be seen from Fig. 14(b), the proposed flyback
converter has high freewheeling current so that it
increases the conduction loss of the switch Q, and
clamping diode D, substantially. However, the proposed
forward converter has much lower freewheeling due to
the higher magnetizing inductance L,,, as shown in Fig.
14 (c).

Fig. 15 shows measured efficiency of the
conventional flyback converter, the proposed flyback
converter and the proposed forward converter in normal
mode. By integration, both proposed converters have
higher efficiency under entire load range, especially
under half load condition. This is because the proposed
standby structure can achieve ZVS and eliminate snubber
components and snubber loss. Since server system
usually operates under half load condition, it is desirable
to improve the proposed converter’s efficiency under half
load condition. In addition, due to low freewheeling
current, the efficiency of the proposed forward converter
is comparatively higher than the efficiency of the
proposed flyback converter. Therefore, the proposed
forward converter is the most suitable for the standby
power of server power system.

VIII. CONCLUSION

In this paper, the high-efficiency standby converter
integrated with the DC/DC PSFB converter for server
power supply is presented. By the integration, the
proposed forward converter has the following features. 1)
A small number of devices can be used by sharing two
switches with DC/DC PSPB converter. 2) High power
density can be maintained due to low component counts.
3) Two proposed converters are based on the full-bridge
structure so that the switch voltage stress can be clamped
at the input voltage Vs and snubber loss can be eliminated.
4) The standby switch can be turned on with ZVS. 5) The
conduction loss in the switch Q4 and clamping D, can be
reduced due to high magnetizing inductance..

The wvalidity of the basic operational principle is
confirmed by the experiment. From the experimental
results, the proposed forward converter has higher
efficiency, especially under half load condition.

APPENDIX

Since both proposed converters are integrated with
DC/DC PSFB converter, they operate at the same
switching frequency. Therefore, gate signal for proposed
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standby converter is easily derived from gate signal of
DC/DC PSFB converter as shown in Fig. 16. The switch
Q,’s gate signal is delayed by required duty. And then it
passes through NOT-gate and becomes one input of
NOR-gate. At that time, the other input of NOR-gate is
the switch Q,’s gate signal. Therefore, proposed
converter’s gate signal is from output of NOR-gate.

REFERENCES

“http://www.gartner.com/it/page.jsp?id=503867"
2008 Power and Cooling technology symposium

80 Plus Program, http://www.80plus.org/index.htm
Climate Saver Computing Initiative (CSCI) Web Site,
Homepage http://www.climatesaverscomputing.org.
Efficiency Specification page
http://www.climatesaverscomputing.org/about/faq/#4

[5] Y. Jang and M.M. Jovanovic, “A New Soft-Switched PFC
Boost Rectifier with Integrated Flyback Converter for
Stand-by Power.” [EEE Trans. Power Electron, vol. 21,
no.1, pp66-72, Jan. 2006.

[6] 2008 Power and Cooling technology symposium.

[7]1 Jinbin Zhao, Fengzhi Dai, “Soft-Switching Two-Switch
Flyback Converter With Wide Range” Industrial
Electronics and Applications, 2008. ICIEA 2008. 3" IEEE
Conf. 2008.pp. 250-254

[8] Wang. C.M, Su. C.M and Yang. C.H “ZVS-PWM flyback

converter with a simple auxiliary” [EEE Trans. Power

Electron, vol. 153, no.1, pp116, Jan. 2006

1176




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /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

  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


