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Abstract— LLC converter has been found advantageous in 
isolated DC-DC applications due to its high efficiency and low 
cost. However in high-power high-current applications, the high 
component stress and high conduction loss limit the maximum 
power capacity and reduce the efficiency. Interleaving technique 
can be employed to solve this problem, but the component 
tolerances of the resonant tanks will cause severe load sharing 
problem. This paper describes digital implementations of 
switch-controlled capacitor (SCC) modulated multiphase LLC 
converters (SCC-LLC) to achieve load sharing. A 600W two-
phase interleaved SCC-LLC prototype is built to demonstrate 
the feasibility and advantages. 

I. INTRODUCTION  

LLC resonant topology [1-4] has been widely adopted in 
flat-panel TVs, laptop adapters, computers, and has 
demonstrated its high efficiency and low cost advantages. It 
is also under investigation for electric vehicle charger [5], 
LED lighting [6], and renewable energy [7] applications. 
However, when the current level increases (e.g. high-
performance computer may require 12V, more than 200A 
output), the LLC topology has the following limitations: 

(a) The secondary-side conduction loss is high, which 
decrease the heavy-load efficiency; 

(b) The output current ripple is high, which requires large 
output capacitance; 

(c) The primary-side component stress is high, which 
limits the maximum power capacity; 

(d) The circulation current is high, which decrease the 
light-load efficiency. 

Above problems can be solved by using interleaving 
technique as has been in VRM applications for CPU. With 
interleaving, the high conduction loss can be reduced by 
splitting current into multiple phases; the high current ripple 
can be cancelled by interleaved phases; the power capacity 
can be expanded without increasing component stress; and 
the light-load efficiency can be improved by phase shedding.  

However, interleaving requires all the LLC phases 
operating at the same switching frequency; but at the same 
switching frequency, the output current of the interleaved 
LLC phases will be different due to component tolerances of 
the resonant tanks. [8] gives an example that with commonly 
seen capacitor and inductor tolerances, one phase may reach 
peak output current while another phase may not have output 
current at all. As a result, the highly efficient LLC topology 
has not been used in high-current applications with the 
interleaving technique in practise.  

Previously proposed load sharing methods for interleaved 
LLC converters [9-11] all have limitations. The authors of 
this paper proposed switch-controlled capacitor (SCC) 
modulated LLC converter (SCC-LLC) in [12] and [8] to solve 
the load sharing problem. The main idea is to modulate the 
resonant capacitance in order to compensate the component 
tolerances, so that load sharing can be achieved when all 
phases are operating at the same switching frequency. The 
advantage compared to previous methods is the flexibility to 
interleave any number of LLC stages and implement phase 
shedding. This paper discusses the considerations in digital 
control of the proposed methods in [12] and [8]. Section II 
describes operation principle of SCC-LLC; Section III 
describes SCC control mechanism and circuitry; Section IV 
discusses the digital control loop design; and Section V 
shows the experimental results from 600W prototypes of both 
operation schemes. 

II. OPERATION PRINCIPLE 

The output voltage gain of LLC converter is modulated by 
the ratio of switching frequency and resonant frequency. 
Therefore when interleaved, switching frequency cannot be 
used to independently modulate each LLC power stages, 
resonant frequency can be used instead, and load sharing can 
be achieved. The resonant frequency modulation can be 
achieved by modulating resonant capacitance using switch-
controlled capacitor (SCC).  

The concept of SCC was introduced in [13], which 
consists of a capacitor in parallel with switches. By shunting 
the capacitor in and out the resonant tank, the equivalent 



resonant capacitance can be modulated. The proposed 
topology (SCC-LLC) is shown in Fig. 1. The equivalent 
resonant capacitance, Cr, is modulated by the SCC. 

Depending on the number of switches, there are full-wave 
and half-wave SCCs. An improved driving scheme is 
proposed to prevent the MOSFET body diodes from carrying 
current. They are illustrated in Fig. 2 and Fig. 3. 

Fig. 2 shows the structure and waveforms of a full-wave 
SCC. The operation is described as follows: When a resonant 
current, IAB, is applied to the SCC, the current zero-crossing 
points are at angle 0, π, 2π …etc by definition. For a positive 
half-cycle where the current flows from A to B, the gating 
signal of S1 is synchronized at 2nπ (n∈N). S1 is on initially and 
the current IAB bypasses Ca. S1 is then turned off at angle 
2nπ+α, where π/2<α<π. The current flows from A to B via Ca 

and charges Ca as a result. At the angle (2n+1) π, the resonant 
current reverses the direction, and begins to discharge Ca. 
After Ca is fully discharged, and the negative current is about 
to flow from B to A via S1’s body diode, S1 is turned on again 
to prevent the body diode from carrying current. Then S1 
remains on through the next sync point (2n+2) π. After which 
it keeps on for α angle, and is turned off at angle (2n+2) π + 
α. S2 controls the negative half-cycle and has the same 
procedure, except the sync point is at (2n+1) π. The control 
parameter is the angle α defined from the sync point to the 
turn-off point. The interval from the turn-on point to the sync 
point is synchronous rectification and does not have effect on 
the capacitance modulation. The equivalent capacitance of the 
full-wave SCC, CSC_FW, can be modulated by the angle α. The 
equation is given in (1) [13]. 

 
Fig. 1 Topology of the proposed SCC-LLC. 

 

 

Fig. 2 Structure and waveforms of full-wave SCC. 

  

Fig. 3 Structure and waveforms of half-wave SCC. 
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Fig. 3 shows the structure and waveforms of a half-wave 
SCC. The control scheme is similar to that of the full-wave 
SCC, except the modulation is only in one direction. The 
control angle range is 0<α<π. The equivalent capacitance of 
the half-wave SCC, CSC_HW, is given in [14], and is rewritten 
in (2). 
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The full-wave SCC has symmetrical waveforms, which are 
desirable in LLC converters. The full-wave SCC is capable of 
regulating the LLC converter output from light load to full 
load at a constant switching frequency. The half-wave SCC 
has asymmetrical waveforms, thus it is only suitable when the 
resonant capacitance variation range is relatively small, and in 
which case the asymmetrical effect is negligible. As a result 
there are two control schemes for SCC-LLC: (a) constant 
switching frequency with full-wave SCC; (b) variable 
switching frequency with half-wave SCC. In (a) the full-wave 
SCC is responsible for both output voltage regulation and load 
sharing. In (b) the output voltage is regulated by switching 
frequency, and the half-wave SCC is only responsible for load 
sharing. Because load sharing only requires a small resonant 
capacitance variation, the asymmetrical effect of the half-wave 
SCC is negligible. Implementations of both schemes are 
discussed in the following sections. 

III. GATING LOGIC OF SWITCH-CONTROLLED CAPACITOR 

As illustrated in Fig. 2 and Fig. 3, the SCC’s turn-off 
point is α angle past the resonant current zero-crossing points, 
therefore the PWM that controls SCC must be resettable by 
an external current sensing signal. This function is available 
in most digital power controllers. An example is the External 
PWM Reset (XPRES) function available in Microchip Inc.’s 
dsPIC33F DSC family, which allows an external logic signal 
to reset the DPWM. 

The DPWM that controls the angle α must be 
synchronized (turn-on) at the current zero-crossing point. 
However, in order to prevent the SCC MOSFET’s body diode 
from carrying current, it should be turned on as soon as the Ca 
voltage is discharged to zero. Therefore, a comparator is used 
to detect the voltage zero-crossing and trigger the SCC turn-
on point.  

However, because of the propagation delay of the control 
circuit, it is impossible to turn on the SCC MOSFET when Ca 
voltage is exactly zero. Therefore a small amount of energy 
remains in Ca after the SCC MOSFET is turned on. Since the 
SCC MOSFET short-circuits Ca and forms a closed current 
path, the remaining energy in Ca will resonate with the trace 
inductance, causing voltage zero-detection comparator to 
bounce. This mechanism is illustrated in Fig. 4. 

In order to turn on SCC MOSFETs at the first fall-edge of 
the voltage zero-detection comparator (active-low) and ignore 
the subsequent bouncing, a SCC gating logic circuit is 
proposed in Fig. 5. Half-wave SCC is taken as an example. A 
full-wave SCC needs two sets of such circuit because it has 

two switches. The explanation of the SCC gating logic circuit 
is as follows. 

Once the PWM output from DSC goes LOW, it passes 
through a NOT gate and sets the left input pin of the top 
NAND gate to HIGH. Meanwhile, it generates a negative 
pulse to SET the NAND SR latch on the right. Therefore, 
both input pins of the top NAND gate are HIGH, thus it 
outputs LOW to turn off the SCC MOSFET. Then the Ca 
voltage will be first charged and then discharged by the 
resonant current. When the Ca voltage is positive, the voltage 
zero-detection comparator will output HIGH, but it does not 
affect the output state of the SR latch. Once the Ca voltage is 
returned to zero, the zero-detection comparator will change 
state to LOW, which generates a negative pulse to RESET the 
SR latch. Since the right input pin of the top NAND gate is 
set to LOW by the SR latch, the top NAND gate outputs 
HIGH to turn on the SCC MOSFET. The SR latch then 
ignores all the subsequent bouncing from the voltage zero-
detection comparator. Sometime later, the PWM is reset by 
the current zero-crossing signal and changes state from LOW 
to HIGH. This change passes through the NOT gate and sets 
the left input pin of the top NAND gate to LOW. Thus both 

 
Fig. 4.  Mechanism of zero-detection comparator bouncing  
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Fig. 5.  SCC gating logic circuit. 



inputs of the top NAND gate are LOW and the output 
remains HIGH. This state will continue until the next time the 
PWM goes LOW. A switching cycle is completed. The 
negative pulses mentioned above are generated using discrete 
capacitor, resistor, and diode. It can be also replaced by other 
fall-edge detection circuits. 

IV. DIGITAL CONTROL LOOPS IMPLEMENTATION 

A Microchip DSC dsPIC33FJ32GS606 is used to 
implement the digital controller. A linear opto-coupler is used 
to transmit output voltage signal to the primary side. The 
control loops include a fast voltage loop and a slow load 
sharing loop. The hardware and firmware implementations 
for constant switching frequency SCC-LLC is shown in Fig. 
6. The explanation is as follows. 

The output voltage signal is sampled by an ADC, and then 
subtracted from a reference voltage value to create an error 
value. The error value is processed by a voltage-loop control 
law and becomes a base duty cycle for both SCC PWMs. 
Two other ADCs are used to sample the peak resonant 
capacitor voltage of each phase which reflects the output 
current level. The peak voltage sensing circuitry is adopted 
from [15]. The error between the two peak voltage values is 
processed by a load-sharing control law and becomes 
adjustment values of the base duty cycle. The adjusted duty 
cycle values are then used to control the SCC PWMs. Each 
SCC PWM is synchronized with the zero-crossing points of 
the primary-side current of the corresponding phase. The 

zero-crossing detection is implemented using a current 
transformer and a comparator. The synchronization is 
implemented using the DSC’s External PWM Reset (XPRES) 
function, which allows a logic signal from the current zero-
crossing detection circuit to reset the digital PWM.  

The hardware and firmware implementations for variable 
switching frequency SCC-LLC is shown in Fig. 7. The 
explanation is as follows. 

The output voltage signal is sampled by an ADC, and then 
subtracted from a reference voltage value to create an error 
value. The error value is processed by a voltage-loop control 
law and becomes the switching period for both half-bridges 
and SCC PWMs. The phase shift between the two half-
bridges is adjusted according to the switching period. Two 
other ADCs are used to sample the resonant capacitor 
voltage, which reflects the output current level. The load 
sensing method is adopted from [16]. The load current error 
between the two phases is processed by a load-sharing control 
law and becomes duty cycles of the SCC PWMs. Each SCC 
PWM is synchronized with the zero-crossing points of the 
primary-side current of the corresponding phase. The zero-
crossing detection is implemented using a current transformer 
and a comparator. The synchronization is implemented using 
the DSC’s XPRES function. If one phase is intentionally 
designed to have a higher gain than the other phase, the 
higher-gain phase becomes a Master phase and does not need 
SCC modulation. Only the lower-gain phase uses SCC to 
match the output current to the Master phase. 

 
Fig. 6.  System block diagram of interleaved constant switching frequency SCC-LLC with full-wave SCC. 

 



 
Fig. 7.  System block diagram of interleaved variable switching frequency SCC-LLC with half-wave SCC. 

 

V. EXPERIMENTAL RESULTS 

A 12V output, 600W two-phase interleaved SCC-LLC is 
implemented with both full-wave and half-wave SCCs. The 
design parameters are in Table 1. 

Table 1 Prototype parameters 

Switching frequency Constant or variable around 200kHz 
Input Voltage 400V nominal/300V minimum 

Output Voltage 12V 
Output Power 600W (300W  2) 

Transformer Turns Ratio 20:1, Center tapped 
Magnetizing Inductance 87μH(Phase1)   85μH(Phase2) 

Resonant Inductance 12μH(Phase1)   14μH(Phase2) 
Series Capacitance 36nF±5% (12nF 3, Film) 
SCC Capacitance 30nF±3% (10nF 3, Film) 

Output Capacitance 1790μF (100μF 8 + 330μF 3) 
Half-bridge MOSFET Infineon IPB60R190C6 

SCC MOSFET Infineon BSC060N10NS3 G  
SR MOSFET  Infineon BSC011N03LS 

 
The resonant inductors of the two phases are utilizing the 

transformers’ leakage and are intentionally made non-
identical in order to test the proposed load sharing method. 
The resonant capacitors are also subject to tolerances.  

Fig. 8 shows resonant current and Ca voltage waveforms 
of constant frequency full-wave SCC-LLC converter.  

Fig. 9 shows resonant current and Ca voltage waveforms 
of variable frequency half-wave SCC-LLC converter along 
with SCC gating signal. Instead of turn-on at the sync points, 
the SCC MOSFET is turned on as soon as the Ca voltage is 
discharged to zero, preventing the body diode from carrying 
current. Small ringing on the Ca voltage after the turn-on 
point is visible, but it does not affect the SCC operation. 

For the purpose of comparison, waveforms of a 
comparable 12V/600W single-phase LLC converter at 50A 
load, with identical output capacitance that is used in the 
prototype SCC-LLC are shown in Fig. 10. The output voltage 
ripple is 500mV.  

Fig. 11 shows waveforms of the full-wave SCC-LLC with 
constant switching frequency at 50A load. The output voltage 
ripple is reduced to 180mV.  

Fig. 12 shows waveforms of the half-wave SCC-LLC 
with variable switching frequency at 50A load. The output 
voltage ripple is 130mV.  

Fig. 13 shows the efficiency improvement using the 
phase-shedding technique in the proposed SCC-LLC. The 
light-load efficiency at 5A (10%) load is improved from 81% 
to 90%. 



Fig. 8.  Operation of full-wave SCC-LLC. 

Fig. 9.  Operation of half-wave SCC-LLC with SCC gating signal. 

Fig. 10  Output voltage ripple, Io=50A, single phase LLC. 

Fig. 11.  Output voltage ripple, Io=50A, two-phase interleaved full-wave 
SCC-LLC with constant switching frequency. 

 

Fig. 12.  Output voltage ripple, Io=50A, two-phase interleaved half-wave 
SCC-LLC with variable switching frequency. 

 

Fig. 13.  Efficiency comparison, with and without phase shedding. 

 

VI. CONCLUSIONS 

In order to improve efficiency in high-current applications, 
interleaving and phase shedding techniques must be applied to 
LLC converters. The proposed SCC-LLC converters possess 
such capabilities and solve the load sharing problem. A 
significant advantage of the proposed method is the flexibility 
of interleaving and phase shedding on any number of LLC 
power stages. The digital implementations of both constant-
frequency and variable-frequency control schemes are 
discussed in this paper in detail. Prototypes of both control 
schemes show good performances on load sharing, current 
ripple cancellation and light-load efficiency. 

REFERENCES 
[1] B. Yang, F. C. Lee, A. J. Zhang, and G. Huang, "LLC resonant converter 

for front end DC/DC conversion," in Proc. Appl. Power Electron. Conf. 
and Expo.(APEC '02), 2002, pp. 1108-1112 vol.2. 

[2] Y. Zhang, D. Xu, M. Chen, Y. Han, and Z. Du, "LLC resonant converter 
for 48 V to 0.9 V VRM," in Proc. Power Electron. Specialists Conf. 
(PESC '04), 2004, pp. 1848-1854 Vol.3. 

[3] S. De Simone, C. Adragna, C. Spini, and G. Gattavari, "Design-oriented 
steady-state analysis of LLC resonant converters based on FHA," in Int. 
Symp. Power Electron., Elect. Drives, Autom., Motion (SPEEDAM '06), 
2006, pp. 200-207. 

[4] B. Lu, W. Liu, Y. Liang, F. C. Lee, and J. D. van Wyk, "Optimal design 
methodology for LLC resonant converter," in Proc. Appl. Power 
Electron. Conf. and Expo.(APEC '06), 2006, p. 6 pp. 

Ipri_Ph1, 2A/div 

Ipri_Ph2, 2A/div 

Vca_ph2, 20V/div 

Vgs_SCC, 10V/div 

500mVp-p 

Vo,p-p, 100mV/div 

Ipri, 
5A/di

180mVp-p 

Vo,p-p, 100mV/div 

Ipri_Ph2, 2A/div 

Ipri_Ph1, 2A/div 

130mVp-p 

Vo,p-p, 100mV/div 
Ipri_Ph1, 2A/div 

Ipri_Ph2, 2A/div Vca_ph2, 20V/div 

Ringing 

Ipri_Ph2, 2A/div 
Ipri_Ph1, 2A/div 

Vca_ph2, 20V/div Vca_ph1, 20V/div 



[5] F. Musavi, M. Craciun, D. Gautam, M. Edington, W. Eberle, and W. G. 
Dunford, "Control strategies for a LLC multi-resonant DC-DC converter 
in battery charging applications," in Proc. Appl. Power Electron. Conf. 
and Expo.(APEC '13), 2013, pp. 1804-1811. 

[6] S. Zhao, J. Xu, and O. Trescases, "A dimmable LED driver for visible 
light communication (VLC) based on LLC resonant DC-DC converter 
operating in burst mode," in Proc. Appl. Power Electron. Conf. and 
Expo.(APEC '13), 2013, pp. 2144-2150. 

[7] J.-H. Jung, H.-S. Kim, J.-H. Kim, M.-H. Ryu, and J.-W. Baek, "High 
efficiency bidirectional LLC resonant converter for 380V DC power 
distribution system using digital control scheme," in Proc. Appl. Power 
Electron. Conf. and Expo.(APEC '12), 2012, pp. 532-538. 

[8] Z. Hu, Y. Qiu, Y.-F. Liu, and P. C. Sen, "An interleaving and load 
sharing method for multiphase LLC converters," in Proc. Appl. Power 
Electron. Conf. and Expo.(APEC '13), 2013, pp. 1421-1428. 

[9] H. Figge, T. Grote, N. Froehleke, J. Boecker, and P. Ide, "Paralleling of 
LLC resonant converters using frequency controlled current balancing," 
in Proc. Power Electron. Specialists Conf. (PESC '08), 2008, pp. 1080-
1085. 

[10] B.-C. Kim, K.-B. Park, C.-E. Kim, and G.-W. Moon, "Load sharing 
characteristic of two-phase interleaved LLC resonant converter with 

parallel and series input structure," in Proc. Energy Convers. Congr. and 
Expo. (ECCE'09), 2009, pp. 750-753. 

[11] E. Orietti, P. Mattavelli, G. Spiazzi, C. Adragna, and G. Gattavari, 
"Current sharing in three-phase LLC interleaved resonant converter," in 
Proc. Energy Convers. Congr. and Expo. (ECCE'09), 2009, pp. 1145-
1152. 

[12] Z. Hu, Y. Qiu, and Y.-F. Liu, "An interleaved LLC resonant converter 
operating at constant switching frequency," in Proc. Energy Convers. 
Congr. and Expo. (ECCE'12), Raleigh, NC, 2012, pp. 3541-3548. 

[13] W.-J. Gu and K. Harada, "A new method to regulate resonant 
converters," IEEE Trans. Power Electron., vol. 3, pp. 430-439, 1988. 

[14] Y.-T. Chen, W.-M. Lin, and Y.-H. Liu, "Analysis and design of a 
dimmable electronic ballast controlled by a switch-controlled capacitor," 
IEEE Trans. Ind. Electron., vol. 52, pp. 1564-1572, 2005. 

[15] "L6599 high-voltage resonant controller," STMicroelectronics 
Datasheet2006. 

[16] Z. Hu, Y.-F. Liu, and P. C. Sen, "Cycle-by-Cycle Average Input Current 
Sensing Method for LLC Resonant Topologies," in Proc. Energy 
Convers. Congr. and Expo. (ECCE'13), 2013. 

 

 

 



<<
  /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 1.7
  /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 true
  /OPM 1
  /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


