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Series-Resonator Buck Converter—Viability Demonstration

Cong Tu

Abstract—The series-capacitor buck converter doubles the duty
ratio, and equalizes the current between two phases. A series-
resonator buck converter is realized by adding a resonant tank
in series with the series capacitor C,. All switches turn ON at zero
voltage, and the low-side switches turn OFF at zero current. The
resonant tank generates additional loss and increases the voltage
stress of the low-side switches. A 2-MHz prototype with a peak
efficiency of 98.5%, 48 V at the input and 7 V, 20 A at the output
was built to demonstrate the viability of the topology.

Index Terms—Multiphase converter, resonant converter, series-
capacitor buck (SCB) converter, soft switching.

1. INTRODUCTION

NTERLEAVED multiphase buck converters have been
I adopted for point-of-load regulation below 3.3 V and above
10 A from input voltage exceeding 12 V [1]-[13]. The series-
capacitor buck (SCB) converter was synthesized by adding a
series capacitor in a two-phase buck converter to reduce voltage
stresses under the steady state [1], [2]. Side benefits include
doubling the duty cycle, reduction of the switching loss, and
equalization of the phase currents. Hard switching has hindered
efforts to reduce volume via increased switching frequency
although a monolithically integrated SCB converter has boosted
current density exceeding 60 A/cm? in [3]. The switching loss
caused the efficiency dropped by 5% as the frequency increased
from 1 to 3 MHz in [4]. Coupled inductors, tapped inductors,
and resonant tanks were suggested in [5]-[11] to enable soft
switching, but switch voltage stresses exceeded 1.6 times the
input unless snubbers or extra switches were added.

A series-resonator buck (SRB) converter with soft turn-ON
is synthesized by adding a resonant tank in series with the
series-capacitor C, in Fig. 1(a). The gate signals are shown in
Fig. 1(b). All switches turn ON at zero voltage (ZVOn), and the
low-side switches turn OFF at zero current (ZCOff) in Fig. 1(c)
with specifications in Table I and switches’ output capacitance
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Fig. 1. (a) SRB converter. (b) Comparison of the gate signals for the SCB and
SRB converters’ high-side and low-side switches. (c) Switches’ voltages and
currents in the SRB converter.

Coss = 300 pF. No snubber is needed to limit the voltage stresses
to the input voltage.

The SRB was first described in [12]. Tu et al. [12] assume
ideal switches, fixed load, and fixed switching frequency. In
this letter, the switches’ output capacitances are included so
that soft-switching operation over a wide load range could be
addressed, and a method to control switching frequency range


https://orcid.org/0000-0002-0297-359X
https://orcid.org/0000-0002-0326-3055
mailto:tuc@vt.edu
mailto:kdtn@vt.edu
mailto:rchen@ti.com
https://doi.org/10.1109/TPEL.2021.3058051

9694

TABLE I
SPECIFICATIONS FOR THE PROOF-OF-CONCEPT SRB PROTOTYPE

Specified Parameters Definitions Value
V; Input voltage 48V
v, Output voltage 7V
Tomax Maximum output current 20 A
Iomin Minimum output current SA
Fsmin Minimum f; at 100% I, qx 2 MHz
Fsmax Maximum f; at 25% I,y 3 MHz

TABLE II
SEQUENTIAL DESIGN PROCEDURES OF THE SRB CONVERTER IN Fig. 1(a),
WITH NUMERICAL EXAMPLES BASED ON TABLE I

Designed Methods Value
Parameter
To keep peak-to-peak current ripple
Loa and Lo at 20% Loy [13] 1.2 uH
R Suggested by Fig. 3(b) to minimize 01
n .
Elank (5)
According to Fig. 4 for the specified
Cy, 50
F sMax/ F, sMin
f fr = Frav,(Cp, Ry,) from step 1 3.75MHz
L, Ly = Vo/lomax 27frRy) by (2), (3) 150 nH
C, C.=1/L./(2rf,)? by (2) 12 nF
C. C,=C*xC.by(®) 600 nF

by C; design is reported. Circuit operations, voltage regulation,
and component stresses are revisited ahead.

II. OPERATION

The L,—C, tank in Fig. 1(a) generates the resonant voltage
vcr that opens up the opportunity for the drain-to-source voltage
Vgsa1 and vggp1 reach zero for ZVOn of S, at tg and Sy, at 74
in Fig. 1(c). A voltage sensor monitors the drain—source voltage
Vasal and vgsp1 for zero-crossing points at which the switches
are turned ON for minimizing device loss and EMI. The L,—C,
tank also adds the resonant current icg to i,o (ip2), which can
now reach zero for ZCOff of S, (Sho) at 11 (f5). The low-side
switches function as synchronous rectifiers.

The gate signals for the SCB and SRB converters are com-
pared in Fig. 1(b) to identify a unified variable for output regula-
tion. The waveforms of the gate to source voltage Vgga2 and Vggho
of the low-side switches are identical, whereas those of the high-
side switches are not. Their OFF-time (7,¢) is, thus, recommended
as the unified regulating variable. Simulation suggests that 7o
is linearly proportional to the SRB’s voltage gain. Compared to
an ideal switch model, the new simulation with C,ss = 300 pF
shows the output voltage increases by 10% with the same 7.
It suggests the parasitic capacitance slows down the turn-ON
transition of the low-side switches and, thus, 7,g needs to be
tuned smaller after adding Cgs. Taking the converter in Tables I
and II as an example, voltage gain is 0.146, 0.110, and 0.075
with 7, equals 126 ns, 113 ns, and 100 ns, respectively. The
relationship between the voltage gain, regulating variable, and
state variables in the presence of resonance and soft switching
will be delivered in a full-length paper.

In both converters, there is a 180° phase shift between the gate
signals for phases A and B. In each phase, there is no ON-signal
overlap between the high-side and low-side switches in the SCB
converter, but it is not the case for the SRB converter because the
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Fig. 2. Soft-switching region of S,; and Sp; in Fig. 1(a) with parameters in

Tables I and I and Coss = 300 pF (same device in the prototype).

high-side switches are turned ON earlier for a smaller conduction
loss.

The ZVOn region of the high-side switches in the SRB
accounts for about 90% of the load range. The size of the hard-
switching region depends on the circulating energy reserved in
the resonant inductor before Sy,1 (Sa1) is turned ON at 3(¢7). Take
Sp1 as an example. The energy available for soft switching in L,
at t3 is %Lri r(t3)2. The energy required by Sy,; for ZVOn is
2(Cr + 2C0s5) (% )2 — vcy(t3)?). The energy supplied by L,
should be larger than needed

AE = % Lyip,(ts3)?

2
- % (Cr + ZCOSS) <‘g) - UCT(t3)2 > 0. (l)

A smaller load makes ir,.(3), vcr(f3) and, thus, AE smaller
in Fig. 2. Under heavy load condition, AE is well above zero
meaning achieving ZVOn is easy. The energy difference AE
turns negative below 10% load condition meaning ZVOn is lost.

III. NUMERICAL DESIGN PROCEDURES

The converter in Fig. 1(a) was simulated parametrically to
understand its operation, e.g., the relationships among the timing
variables and component values on the voltage gain, soft switch-
ing, and components’ stresses over a prescribed load range.
The design procedures distilled from numerical observations
are outlined in the first two columns of Table II. The last column
in Table II lists the resultant values for the prototype meeting
the exemplary specifications in Table 1. The resonant frequency
fr» the normalized load resistance R,,, and the capacitor ratio C,,
are defined as

f=1/ (%M) 2)
R =Vy [ (Tortar VI /C5) ®
C=C, [C,. @

Step 1: Select R,, using Fig. 3 to minimize tank energy. The
normalized tank energy Ey,,x of the resonant tank is

calculated:

Etank - (L’I"ILTP]CQ + CT‘VCT’sz) fr/ (2VoIoJVIam>

(5)

where I, py is the peak current through L,., V,py; is the peak
voltage across C,, and I, p74, 1S the maximum average output
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Fig. 4. Design figure for Cy,; ratio of fsnax and Fsnin = 2 MHz versus C,,
4). Cropt = 50 is suggested from fsniax/Fsmin = 1.5 marked by the dot.

current. The reason for using the peak value rather than the
instantaneous value is that the sizes of L,. and C,- depend on the
peak current and peak voltage, respectively. In one switching
cycle, the instantaneous energy in the SRB’s tank is not constant
and a bigger peak value of the instantaneous energy does not
necessarily result in a bigger tank size. The steps to generate the
design curves in the circuit simulator are as follows:

1y
2)

3)

4)

5)

6)

7)

8)

set the current source I at I, 74, as load and f at Fsniin;
initialize C,, at 10, R, at 0.025 (= 0.17V,/V}y,), and f,. at
FsMin;

sweep f, toward 2F s\, With an increment of Fgypin/ks
where k; = 100 to obtain Fig. 3(a) and simulate to identify
fr = Fravo(Cn, R;,) at which V,, is achieved;

calculate Ey,,x using (5);

sweep R,, toward 0.5 (= 3.5V,/Vi,) with an increment of
(0.17V,/Vin)lks where ko = 1 to obtain Fig. 3(a); return
to step 3);

identify R,opt(C,) at which FEg,n is minimized;
Ry,0pt(50) is exemplified Fig. 3(a);

sweep C,, toward 1000 via C,, 1 = k3C,, where ks =2 to
obtain Fig. 3(b);

plot R, 0pt(Cy) versus C,, as exemplified in Fig. 3(b),
which suggests R,,op¢ = 0.1 for all C,, in this prototype.

The parameters ki, ko, and k3 should be adjusted if more
accuracy is desired at the expense of the simulation time.
Step 2: Select C,, using Fig. 4 to set switching frequency

1y

range. The steps to generate the design curves in the
circuit simulator are as follows:
set the current source / at /,\iy as load, Ry, at Ry, op¢ from
step 1, and f. at Fr.avo(Cp, R,,) from step 1;
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Fig. 5. Control curves for keeping voltage gain V,/Vi, = 7/48 over the load
range in Table I. Normalized OFF-time t,gFavo is linearly proportional to
I,/I,Max as shown by the dash line.

2) initialize C,, at 10 and f; at Fnins

3) sweep fs toward 2F i, With an increment = ki Fgpin
and identify fsnvax(Cr)/Fsmin = fs/ Fsmin at which Vi, is
achieved;

4) sweep C,, toward 1000 via C,, 11 = k3C,, where k3 =2 to
obtain Fig. 4; return to step 3);

5) plot C,, versus finax(Cpn)/Fsnin as exemplified in Fig. 4.
Crhopt = 50 is suggested from fonax(50)/Fonmin = 1.5
marked by the red dot in Fig. 4.

Step 3: Generate control curves. The steps are as follows:

1) setR, atR,opt fromstep 1, f; at Fravo(Chp, Ry) from step
1, Cp, at Cpops from step 2;

2) initialize the current source [ at I,\ax as load and fs at
FsMin;

3) sweep fs toward 2F s\ iin With an increment of Fgnin/ky
where k1 = 100 to obtain Fig. 5; calculate f;(I,)/Fravo
and to{‘f(Io)FT@Vo;

4) sweep load current source I toward /,1i, With a decrement
of I,Max/ks where ky = 10 to obtain Fig. 5; return to step
3);

5) plot fi/F ravo. and togF ravo versus load current as exem-
plified in Fig. 5. Under full-load (25% load) condition, the
switching frequency is 0.54f;. (0.8f,).

The other component values are calculated according to (2)—

(4). The equations are also summarized in Table II.

The prototype fabricated based on Tables I and II is shown
in Fig. 6(a). All switches were enhancement-mode power tran-
sistor EPC2045 with Rasony = 7 m2 and Coss = 300 pF. A
PLT core and an E core with ML-91s material from Hitachi
were used to fabricate the resonant inductor L,. The resonant
capacitor C, was eight discrete multilayer ceramic capacitors
(CGA3E2NP02A152J080AA) in parallel. The series capacitor
C, was six discrete capacitors (C3216C0G2A104J160AC) in
parallel. The measured drain—source voltages of all switches
are shown in Fig. 6(b) and (c). The measurement results were
exported from the oscilloscope MSO5104B. All switches turn
ON at zero-voltage. The area of the power loop and the gate
driving loops were minimized to reduce the parasitic loop induc-
tance. The currents in the switches were not measured since the
insertion of current probes or shunts was undesirable in a tight
layout. The slopes of vgsae and vgspo are virtually zero at the
OFF timing, suggesting S, and Sy carried negligible currents
at turn-OFF moments.

The peak efficiency of the SRB prototype is 98.5%, and
the full-load efficiency is 97.3%, as shown in Fig. 7(a). The
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Fig. 6. (a) Prototype of SRB converter using the components in Table II.

(b) Experimental voltage waveforms of all the switches in Fig. 1(a) measured
by the oscilloscope. (c) Expanded experimental waveforms showing ZVOn.
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Fig. 7. (a) Efficiency and (b) switching frequency of the SRB prototype in

Fig. 6 while keeping Vi, =48 Vand V, =7 V (hollow circle: f; in simulation,
solid circle: f, in experiment, and hollow square: 7, in simulation, solid square:
foff in experiment).

switching frequency was adjusted under the load condition,
as shown in Fig. 7(b). The measurement results are compared
with simulation. The converter was simulated with the nonideal
switch model provided by EPC. Each capacitor was with an
equivalent series resistor (ESR) at the switching frequency from
the datasheets. Each output inductor’s loss was from TDKs
inductor selection tool online and was with an ESR according
to the simulated loss. The resonant inductor’s loss was 0.9 W
included in SRB’s other loss in Fig. 8(a). This inductor was
simulated with finite-element analysis (FEA) in Ansys Maxwell
[12] and was with an ESR according to the FEA result. The
discrepancy between simulation and measurement is less than
0.5%.

The major improvements with the series resonator are shown
in Fig. 8. Two cases are compared using simulation at the same
full-load operating point in Table I. GaN FET EPC2045 (100 V,
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Fig. 8. (a) Total loss and (b) converter size comparison between the SRB
converter in Fig. 6 and the SCB converter under the same full-load condition in
Table I. A heatsink (374024B60023 made by Aavid Thermalloy) is added for
the SCB converter to keep the same switch’s average junction temperature. The
SRB converter reduces switch loss by a factor of 2. Its resonant inductor size is
less than one-third of the heatsink size in the SCB converter.

Rason = 7 mQ, Coss = 295 pF) is selected for all the switches
in the SRB converter. The low-side switches’ voltage stress is
Vin/2 in the SCB converter. EPC2045 for the high-side switches
and EPC2049 (40 V, Rgson = 5 mf2, Coss = 350 pF) for the
low-side switches are selected. The nonideal switch models are
provided by EPC.

The average switch junction temperatures of both cases are
the same. A heatsink is added to the SCB converter due to
hard-switching loss. The total loss is compared in Fig. 8(a).
The SCB converter has a switch loss twice the switch loss in the
SRB converter. The series resonator saves about 30% overall
converter loss. The size comparison is shown in Fig. 8(b). Both
cases have the same output inductors. The heatsink size of the
SCB converter is three times larger than the resonant inductor
size of the SRB converter.

IV. CONCLUSION

The presence of the resonant tank in the SRB converter
reduces all switches’ voltages to zero at turn-ON, and all low-side
switches’ currents to zero before turn-OFF. A preliminary design
procedure was established from circuit simulation to minimize
the tank energy, constrain the frequency range, and regulate the
output voltage. A 2-MHz prototype with a peak efficiency of
98.5%, 48 V at the input and 7 V, 20 A at the output was built
to demonstrate the viability of the topology.

The measured voltage waveforms, efficiency, switching fre-
quency, and regulating variable (f,g of the low-side switches)
were within 0.5% of the expectations. While the results con-
firm the viability of the SRB topology, mathematical analysis,
optimization, and design tradeoffs are among the issues to be
resolved.



IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 36, NO. 9, SEPTEMBER 2021

[1]

[2]

[5]

[6]

[7]

REFERENCES

K. Nishijima, K. Harada, T. Nakano, T. Nabeshima, and T. Sato, “Analysis
of double step-down two-phase buck converter for VRM,” in Proc. Int.
Telecommun. Conf., 2005, pp. 497-502.

Y. Jang, M. M. Jovanovic, and Y. Panov, “Multiphase buck converters with
extended duty cycle,” in Proc. IEEE Appl. Power Electron. Conf. Expo.,
2006, pp. 39-44.

P. S. Shenoy et al., “A 5 MHz, 12 V, 10 A, monolithically integrated
two-phase series capacitor buck converter,” in Proc. IEEE Appl. Power
Electron. Conf. Expo., 2016, pp. 66-72.

P. S. Shenoy, M. Amaro, J. Morroni, and D. Freeman, “Comparison of a
buck converter and a series capacitor buck converter for high-frequency,
high-conversion-ratio voltage regulators,” IEEE Trans. Power Electron.,
vol. 31, no. 10, pp. 7006-7015, Oct. 2016.

F. Marvi, E. Adib, and H. Farzanehfard, “Efficient ZVS synchronous buck
converter with extended duty cycle and low-current ripple,” IEEE Trans.
Ind. Electron., vol. 63, no. 9, pp. 5403-5409, Sep. 2016.

L.Zhang and S. Chakraborty, “Aninterleaved series-capacitor tapped buck
converter for high step-down DC/DC application,” IEEE Trans. Power
Electron., vol. 34, no. 7, pp. 6565-6574, Jul. 2019.

T. Ge, B. Carpenter, and K. D. T. Ngo, “Steady-state analysis of resonant
cross-commutated buck converter under continuous voltage mode,” IEEE
Trans. Ind. Electron., vol. 65, no. 10, pp. 7782-7792, Oct. 2018.

[8]

[9]

[10]

(11]

[12]

[13]

9697

M. Amiri and H. Farzanehfard, “An interleaved nonisolated ZVS ultrahigh
step-down DC-DC converter with low voltage stress,” IEEE Trans. Ind.
Electron., vol. 66, no. 10, pp. 7663-7671, Oct. 2019.

H. Do, “Zero-voltage-switching synchronous buck converter with a cou-
pled inductor,” IEEE Trans. Ind. Electron., vol. 58, no. 8, pp. 3440-3447,
Aug. 2011.

Z. Zhang, W. Eberle, Y. Liu, and P. C. Sen, “A nonisolated ZVS asym-
metrical buck voltage regulator module with direct energy transfer,” IEEE
Trans. Ind. Electron., vol. 56, no. 8, pp. 3096-3105, Aug. 2009.

T. Ge, B. Carpenter, and K. D. T. Ngo, “Resonant cross-commutated DC-
DC converter,” IEEE Trans. Ind. Electron., vol. 64, no. 11, pp. 8782-8785,
Nov. 2017.

C. Tu, K. Ngo, and R. Chen, “Series-capacitor buck converter with
soft turn-on,” in Proc. IEEE Appl. Power Electron. Conf. Expo., 2020,
pp. 41-47.

P. Shenoy, “Design of multi-MHz series capacitor buck converters used
as voltage regulators,” in Proc. IEEE Appl. Power Electron. Conf. Expo.,
Mar. 2017, Art. no. SLYY 129. [Online]. Available: http://www.ti.com/lit/
ml/slyy129/slyy129.pdf


http://www.ti.com/lit/ml/slyy129/slyy129.pdf


<<
  /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 false
  /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 false
  /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


