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A High-Efficiency Positive Buck–Boost
Converter With Mode-Select Circuit

and Feed-Forward Techniques
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Abstract—This paper presents a high-efficiency positive buck–
boost converter with mode-select circuits and feed-forward tech-
niques. Four power transistors produce more conduction and more
switching losses when the positive buck–boost converter operates in
buck–boost mode. Utilizing the mode-select circuit, the proposed
converter can decrease the loss of switches and let the positive
buck–boost converter operate in buck, buck–boost, or boost mode.
By adding feed-forward techniques, the proposed converter can
improve transient response when the supply voltages are changed.
The proposed converter has been fabricated with TSMC 0.35-μm
CMOS 2P4M processes. The total chip area is 2.59 × 2.74 mm2

(with PADs), the output voltage is 3.3 V, and the regulated supply
voltage range is from 2.5–5 V. Its switching frequency is 500 kHz
and the maximum power efficiency is 91.6% as the load current
equals 150 mA.

Index Terms—Feed-forward techniques, mode select, positive
buck–boost converter.

I. INTRODUCTION

R ECENTLY, with the flourishing of portable devices and
the development of semiconductor manufacturing tech-

nology, conversion efficiency, power consumption, and the size
of devices have become the most important design criteria of
switching power converters [1]–[9]. Power converters are often
applied to LED products, notebooks, mobile phones, and car
electronics products. For portable applications, in order to pro-
vide consumers better conveniences, how to extend battery life
and improve the conversion efficiency of power converters are
challenges for designers. Therefore, it is essential to develop
accurate switching power converters, which can reduce more
wasted power energy [10].

The positive buck–boost converter can operate in buck mode,
buck–boost mode, and boost mode. Fig. 1 illustrates the ratio of
inductor current versus load current in three modes. The highest
ratio occurs in buck–boost mode; the positive buck–boost con-
verter causes more conduction loss and switching loss because
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Fig. 1. Ratio of inductor current versus load current in three modes.

Fig. 2. Output voltage versus the decreasing battery voltage.

of its four power transistors. To reduce the loss of switches, as
the positive buck–boost converter operates in wide-range supply
voltages, it is necessary to avoid power converters operating in
buck–boost mode. Therefore, we design a mode-select circuit to
detect the battery energy Vbattery and select the operation mode.
When the converter operates in buck mode or boost mode, it only
switches two power transistors. The mode-select circuit can re-
duce the conduction loss and switching loss of the proposed
converter, and the power efficiency can be improved [11]–[17].
Fig. 2 shows the output voltage versus the decreasing bat-
tery voltage. As the battery voltage Vbattery is higher than
Vbuck (3.6 V), the converter operates in buck mode; as the
battery voltage Vbattery is between Vboost (3.1 V) and Vbuck
(3.6 V), the converter operates in buck–boost mode; as the bat-
tery voltage Vbattery is lower than Vbuck (3.1 V), the converter
operates in boost mode. The proposed converter can operate in
wide supply voltage range and extend the battery life.

Fig. 3(a) shows the proposed converter operating in the charg-
ing interval of buck mode; the power transistors Mp1 and Mp2
are turned ON and the power transistors Mn3 and Mn4 are
turned OFF. Fig. 3(b) shows the proposed converter operating
in the discharging interval of buck mode; the power transis-
tors Mp2 and Mn3 are turned ON and the power transistors
Mp1 and Mn4 are turned OFF. Fig. 4(a) shows the proposed
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Fig. 3. (a) Charging interval. (b) Discharging interval of buck mode.

Fig. 4. (a) Charging interval. (b) Discharging interval of buck–boost mode.

converter operating in the charging interval of buck–boost mode;
the power transistors Mp1 and Mn4 are turned ON and the
power transistors Mp2 and Mn3 are turned OFF. Fig. 4(b) shows
the proposed converter operating in the discharging interval
of buck–boost mode; the power transistors Mp2 and Mn3 are
turned on and the power transistors Mp1 and Mn4 are turned off.
Fig. 5(a) shows the proposed converter operating in the charging
interval of boost mode; the power transistors Mp1 and Mn4 are
turned ON and the power transistors Mp2 and Mn3 are turned
OFF. Fig. 5(b) shows the proposed converter operating in the
discharging interval of boost mode; the power transistors Mp1
and Mp2 are turned ON and the power transistors Mn3 and Mn4
are turned OFF.

In this paper, the circuit description of the proposed is
shown in Section II, and the experimental results are shown in
Section III. Finally, the conclusion is made in Section IV.

II. CIRCUIT DESCRIPTIONS

Fig. 6 shows the block diagram of the proposed positive buck–
boost converter. It is composed of four power transistors, an
analog-adder circuit, a mode-select circuit, a dynamic ramp

Fig. 5. (a) Charging interval. (b) Discharging interval of boost mode.

generator, a compensator network, a nonoverlapping circuit,
and a driving circuit. When the proposed converter operates,
the output feeds back the voltage Vb to the compensator. Then,
the compensator sends an error signal Vc to the analog-adder
circuit. The analog-adder circuit adds the feed-forward supply
voltage VDD and the error signal Vc to generate a signal Vadd .
Using the analog adder, the output error signal of the com-
pensator can be designed at half of the supply voltage VDD so
that the compensator can achieve the widest bandwidth, which
transient response is fastest. Vadd is compared with a dynamic
ramp which depends on the supply voltage VDD so that the
transient response could be improved while the supply voltage
VDD and the load current Iload changed. After that, the digital
PWN signal Vp is sent to nonoverlapping circuit and generates
four signals. Finally, the driving circuit drives the power tran-
sistors depending on the operation mode, which includes buck
mode, boost mode, and buck–boost mode, and on the boundary
reference voltage Vbuck and Vboost . The operation mode is con-
trolled by the mode-select circuit which sends a control signal
to the nonoverlapping circuit. Each circuit is described in the
following.

A. Analog-Adder Circuit

Fig. 7 shows the analog-adder circuit. It is composed of an
operational amplifier and five resistors. The analog-adder circuit
adds the supply voltage VDD to the output error signal Vc of
compensator, and then generates a output signal Vadd . Using the
analog adder, the output error signal Vc can be designed at half
of the supply voltage VDD so that the compensator can achieve
the widest bandwidth, and improve the transient response of
the whole circuit when the load current changes. The transfer
function is shown as

Vadd =
(

1 +
Rb

Ra

) [
(Rd//Re )

Rc + (Rd//Re )
Vc +

(Rc //Re )
Rd + (Rc //Re )

VDD

]
.

(1)
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Fig. 6. Block diagram of the proposed positive buck–boost converter.

Fig. 7. Analog-adder circuit.

Fig. 8. Mode-select circuit.

B. Mode-Select Circuit

Fig. 8 shows the mode-select circuit, which is composed of
two comparator and three reference voltage (VDD , Vbuck , and
Vboost , respectively). As the battery is discharged, the mode-
select circuit is used to change the operation mode of the pro-
posed converter to reduce the conduction loss and switching
loss, and to extend the battery life so that the efficiency can
be increased. When the supply voltage VDD is higher than the
voltages Vbuck and Vboost , the converter operates in buck mode,
and the output voltage Vmode1 = 1 and Vmode2 = 1. While the
supply voltage VDD is lower than the voltage Vbuck and higher
than the voltage Vboost , the converter operates in buck–boost
mode, and the output voltage Vmode1 = 0 and Vmode2 = 1. As
the supply voltage VDD is lower than the voltage Vboost , the
output voltage Vmode1 = 0 and Vmode2 = 0.

Fig. 9. (a) Dynamic ramp generator. (b) Timing diagram.

C. Dynamic Ramp Generator

Fig. 9(a) shows the dynamic ramp generator. It is composed
of an operational amplifier, a capacitor Ct , a resistor Rt , and
a pulse signal Vclk . The positive terminal of the operational
amplifier is connected to half of the supply voltage VDD , and
charges the capacitor Ct with the current I1 . Owing to the var-
ied supply voltage VDD , the current Il changes with the supply
voltage VDD . When the supply voltage VDD is decreased, the
current decreases with VDD , and then, the dynamic ramp gen-
erator creates a ramp signal which is changed with VDD . Since
the duty cycle of the proposed converter has a large variation
when the operation mode changes, the inductor discharges en-
ergy, and then, the output voltage Vout causes spikes. The dy-
namic ramp circuit is used to improve these problems to reduce
spikes and speed up transient responses. As the proposed con-
verter operates in buck mode (Vmode1 = 1 and Vmode2 = 1),
Mp3 and Mp4 are turned OFF, and Mp2 charges the capacitor
Ct . When the proposed converter operates in buck–boost mode
(Vmode1 = 0 and Vmode2 = 1), Mp4 is turned OFF, and Mp2
and Mp3 charge the capacitor Ct . The drop voltage of Ct raises
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Fig. 10. Compensator network.

Fig. 11. (a) Nonoverlapping circuit. (b) Timing diagram.

linearly, and the frequency is controlled by a pulse signal Vclk .
When Vclk is low, Mn6 is turned OFF, and Ct is charged. As Vclk
is high, Mn6 conducts, and the drop voltage of Ct decreases.
Fig. 9(b) shows the waveforms of 1/2VDD , Vramp , and Vclk .

D. Compensator Network

Fig. 10 shows the compensator network [18]–[20]. The lead-
lag compensation is used in this converter. Using this compensa-
tion, the system stability can be improved. The transfer function
can be described as

Vc

Vout
=

(1 + sCc2Rc2)(1 + sCc1Rc1)

(sCc2) [(Rf 1//Rf 2) + Rc1 ]
[
1 + s

Cc 1 Rc 1 (Rf 1 //Rf 2 )
(Rf 1 //Rf 2 )+Rc 1

]
(2)

where Vout is the output of the proposed converter, Vref is the
reference voltage, and Vc is the output of the frequency com-
pensator.

E. Nonoverlapping Circuit

Fig. 11(a) shows the nonoverlapping circuit, which has three
functions. First, it can generate duty cycle signals to control
power transistors. Then, it can avoid turning on the power tran-

Fig. 12. (a) Level shifter circuit. (b) Timing diagram.

sistors at the same time. Finally, it can determine the operation
mode by a control signal, which is generated by Vmode1 and
Vmode2 . Since the Vp , which is the output signal of PWM circuit,
is sent to the nonoverlapping circuit, the nonoverlapping circuit
generates four nonoverlapping control signals Vin1 , Vin2 , Vin3 ,
and Vin4 to switch the four power transistors. The nonoverlap-
ping timing diagram is shown in Fig. 11(b). As shown in Fig. 6,
if the four power transistors (Mp1 ,Mn1 ,Mp2 ,Mn2) conduct at
the same time, it could cause a large current, which drifts to
ground from VDD , and consume very high power dissipation.
Moreover, as the simultaneous conduction time is too long, the
four power transistors may be broken.

F. Level Shifter Circuit

Fig. 12(a) shows the level shifter circuit. As the proposed
converter operates in boost mode, the output voltage Vout is
higher than the supply voltage VDD , and causes Mp2 to be
turned OFF. Then, the output voltage Vout is limited by the
supply voltage VDD . It is necessary to use a level shifter circuit
at the gate terminal of Mp2 so that the high level of the duty cycle
can be raised. As the duty cycle is less than 50%, the supply
voltage VDD will be greater than the output voltage Vout , the high
level of the duty cycle will be equal to the supply voltage VDD .
When the duty cycle is greater than 50%, the supply voltage
VDD is less than the output voltage Vout , the high level of the
duty cycle will be equal to the output voltage Vout . Fig. 12(b)
shows the waveforms of Vdriver2 and Vin2 .

G. Driving Circuit

Fig. 13 shows the driving circuit [21]. In order to decrease
the turn-on resistance, the sizes of four power transistors are
very large. The input signals of those, which are derived from
the nonoverlapping circuit, are square pulses; the gate terminals
of those are equivalent to the large capacitances; therefore, the
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Fig. 13. Driving circuit.

Fig. 14. Chip microphotograph of the proposed positive buck–boost converter.

slopes at rising and falling edge are not infinity, and the driving
circuit is used to increase the driving ability.

III. EXPERIMENTAL RESULTS

A high-efficiency positive buck–boost converter with mode-
select circuit and feed-forward techniques has been fabricated
with TSMC 0.35-μm CMOS 2P4M processes. The output volt-
age is 3.3 V, the regulated supply voltage range is from 2.5 to
5 V, and the switching frequency is 500 kHz. The total chip area
is 2.74 mm × 2.59 mm. The chip microphotograph is shown in
Fig. 14. Fig. 15 shows the experimental results of the proposed
converter as the supply voltage VDD is 4.4 V; the proposed con-
verter operates in buck mode, the output voltage Vout is 3.3 V,
and the duty cycle is 75%. Fig. 16 shows the experimental re-
sults of the proposed converter as the supply voltage VDD is
4.4 V; the proposed converter operates in buck mode, the output
voltage Vout is 3.3 V, and the inductor current is 200 mA. Fig. 17
shows the experimental results of the proposed converter as the
supply voltage VDD is 3.3 V; the proposed converter operates in
buck–boost mode, the output voltage Vout is 3.3 V, and the duty
cycle is equal to 50%. Fig. 18 shows the experimental results

Fig. 15. Experimental results of the proposed converter as the supply voltage
VDD is 4.4 V; the proposed converter operates in buck mode, the output voltage
Vout is 3.3 V, and the duty cycle is 75%.

Fig. 16. Experimental results of the proposed converter as the supply voltage
VDD is 4.4 V; the proposed converter operates in buck mode, the output voltage
Vout is 3.3 V, and the inductor current is 200 mA.

Fig. 17. Experimental results of the proposed converter as the supply voltage
VDD is 3.3 V; the proposed converter operates in buck–boost mode, the output
voltage Vout is 3.3 V, and the duty cycle is 50%.
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Fig. 18. Experimental results of the proposed converter as the supply voltage
VDD is 3.3 V; the proposed converter operates in buck–boost mode, the output
voltage Vout is 3.3 V, and the inductor current is 100 mA.

Fig. 19. Experimental results of the proposed converter as the supply voltage
VDD is 2.7 V; the proposed converter operates in boost mode, the output voltage
Vout is 3.3 V, and the duty cycle is 18%.

of the proposed converter as the supply voltage VDD is 3.3 V;
the proposed converter operates in buck–boost mode, the output
voltage Vout is 3.3 V, and the inductor current is 100 mA. Fig. 19
shows the experimental results of the proposed converter as the
supply voltage VDD is 2.7 V; the proposed converter operates in
boost mode, the output voltage Vout is 3.3 V, and the duty cycle
is 18%. Fig. 20 shows the experimental results of the proposed
converter as the supply voltage VDD is 2.7 V; the proposed con-
verter operates in boost mode, the output voltage Vout is 3.3 V,
and the inductor current is 140 mA. Fig. 21 shows the power
efficiency of the proposed converter for the output voltage equal
to 3.3 V. The maximum efficiency can be up to 91.6% when load
current is 150 mA and supply voltage is 3.6 V. The performance
comparison of the proposed converter with previous works is
summarized in Table I.

Fig. 20. Experimental results of the proposed converter as the supply voltage
VDD is 2.7 V; the proposed converter operates in boost mode, the output voltage
Vout is 3.3 V, and the inductor current is 140 mA.

Fig. 21. Power efficiency of the proposed converter for Vout = 3.3 V.

IV. CONCLUSION

A high-efficiency positive buck–boost converter with mode-
select circuit and feed-forward techniques is proposed in this
paper. When the positive buck–boost converter operates in buck–
boost mode, the four power transistors cause more conduction
loss and switching loss. The mode-select circuit is used to solve
these problems and make the converter operate in buck, buck–
boost, or boost mode. By using feed-forward techniques, the
proposed converter can achieve faster transient response when
the supply voltage changes. The maximum efficiency can be up
to 91.6% as the load current is 150 mA and supply voltage is
3.6 V. The switching frequency is 500 kHz. The proposed pos-
itive buck–boost converter can precisely provide an adjustable
input with a voltage range from 2.5 to 5 V.
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TABLE I
COMPARISON TABLE

ACKNOWLEDGMENT

The authors would like to thank the National Science Council
for project supporting and chip Implementation Center for chip
fabrication.

REFERENCES

[1] C.-L. Wei, C.-H. Chen, K.-C. Wu, and I.-T. Ko, “Design of an average-
current-mode noninverting buck–boost dc–dc converter with reduced
switching and conduction losses,” IEEE Trans. Power Electron., vol. 27,
no. 12, pp. 4934–4943, Dec. 2012.

[2] S. Maity and Y. Suraj, “Analysis and modeling of an FFHC-controlled
dc–dc buck converter suitable for wide range of operating conditions,”
IEEE Trans. Power Electron., vol. 27, no. 12, pp. 4914–4924, Dec. 2012.

[3] R. Guo, Z. Liang, and A. Q. Huang, “A family of multimodes charge
pump based dc–dc converter with high efficiency over wide input and
output range,” IEEE Trans. Power Electron., vol. 27, no. 11, pp. 4788–
4798, Nov. 2012.

[4] P.-J. Liu, J.-N. Tai, H.-S. Chen, J.-H. Chen, and Y.-J. E. Chen, “Spur-
reduction design of frequency-hopping dc–dc converters,” IEEE Trans.
Power Electron., vol. 27, no. 11, pp. 4763–4771, Nov. 2012.

[5] C. Restrepo, J. Calvente, A. Romero, E. Vidal-Idiarte, and R. Giral,
“Current-mode control of a coupled-inductor buck–boost dc–dc switching
converter,” IEEE Trans. Power Electron., vol. 27, no. 5, pp. 2536–2549,
May 2012.

[6] K. K. I. Hwu and T. T. J. Peng, “A novel buck–boost converter combining
KY and buck converters,” IEEE Trans. Power Electron., vol. 27, no. 5,
pp. 2236–2241, May 2012.

[7] Y. Lee, S. Huang, S. Wang, W. Wu, P. Huang, H. Ho, Y. Lai, and K. Chen,
“Power-tracking embedded buck–boost converter with fast dynamic volt-
age scaling for the SoC system,” IEEE Trans. Power Electron., vol. 27,
no. 3, pp. 1271–1282, Mar. 2012.

[8] C. Yao, X. Ruan, X. Wang, and C. K. Tse, “Isolated buck–boost dc/dc
converters suitable for wide input-voltage range,” IEEE Trans. Power
Electron., vol. 26, no. 9, pp. 2599–2613, Sep. 2011.

[9] C. Restrepo, J. Calvente, A. Cid-Pastor, A. E. Aroudi, and R. Giral,
“A noninverting buck–boost dc–dc switching converter with high effi-
ciency and wide bandwidth,” IEEE Trans. Power Electron., vol. 26, no. 9,
pp. 2490–2503, Sep. 2011.

[10] T. Fuse, M. Ohta, M. Tokumasu, and H. Fujii, “A 0.5-V power-supply
scheme for low-power system LSIs using multi-Vth SOI CMOS tech-
nology,” IEEE J. Solid-State Circuit, vol. 38, no. 2, pp. 303–310, Feb.
2003.

[11] R. Paul, L. Corradini, and D. Maksimovic, “Σ-Δ modulated digitally con-
trolled non-inverting buck–boost converter for WCDMA RF power ampli-
fiers,” in Proc. Appl. Power Electron. Conf. Expo., Feb. 2009, pp. 533–539.

[12] P. C. Huang, W. Q. Wu, H. H. Ho, and K. H. Chen, “Hybrid buck–boost
feedforward and reduced average inductor current techniques in fast line
transient and high-efficiency buck–boost converter,” IEEE Trans. Power
Electron., vol. 25, no. 3, pp. 719–730, Mar. 2010.

[13] P. C. Huang, W. Q. Wu, H. H. Ho, G. K. Ma, and K. H. Chen, “High
efficiency buck–boost converter with reduced average inductor current
(RAIC) technique,” in Proc. IEEE Eur. Solid-State Circuits Conf., Athens,
Greece, Nov. 2009, pp. 456–459.

[14] B. Sahu and G. A. Rincon-Mora, “A low voltage, dynamic, non-inverting,
synchronous buck–boost converter for portable applications,” IEEE Trans.
Power Electron., vol. 19, no. 2, pp. 443–452, Mar. 2004.

[15] M. Du and H. Lee, “An integrated speed- and accuracy-enhanced CMOS
current sensor with dynamically biased shunt feedback for current-mode
buck regulators,” IEEE Trans. Circuits Syst. I, Reg. Papers, vol. 57, no. 10,
pp. 2804–2814, Oct. 2010.

[16] Y. Ma, H. Wang, G. Chen, and F. Qu, “A novel method for smooth
transition in step-up/step-down dc–dc converter,” in Proc. IEEE Int. Conf.
Electron Devices Solid-State Circuits, Jan. 2009, pp. 95–98.

[17] C. F. Lee and P. K. T. Mok, “On-chip current sensing technique for CMOS
monolithic switching-mode power converter,” in Proc. IEEE Int. Symp.
Circuits Syst., May 2002, pp. 265–268.

[18] V. Yousefzadeh, A. Babazadeh, B. Ramachandran, E. Alarcon, L. Pao, and
D. Maksimovic, “Proximate time-optimal digital control for synchronous
buck dc–dc converters,” IEEE Trans. Power Electron., vol. 23, no. 4,
pp. 2018–2026, Jul. 2008.

[19] P. J. W. Huang and S. H. L. Tu, “A digital PWM regulator based on serial-
error correcting mechanism for dc–dc buck conversion,” in Proc. IEEE
Int. Conf. Electron Devices Solid-State Circuits, Dec. 2005, pp. 289–292.

[20] L. Guo, J. Y. Hung, and R. M. Nelms, “Evaluation of DSP-based PID
and fuzzy controllers for dc–dc converters,” IEEE Trans. Ind. Electron.,
vol. 56, no. 6, pp. 2237–2248, Jun. 2009.

[21] J. P. Uyemura, Introduction to VLSI Circuits and Systems. Hoboken, NJ:
Wiley, Apr. 2001.

[22] K. Wang, L. Geng, and Q. Meng, “Efficiency improvement in buck–boost
converter aimed at soc utilization,” in Proc. IEEE Int. Conf. Ind. Technol.,
Apr. 2008, pp. 1–5.

[23] H. W. Chang, W. H. Chang, and C. H. Tsai, “Integrated single-inductor
buck–boost or boost–boost dc–dc converter with power-distributive con-
trol,” in Proc. Int. Conf. Power Electron. Drive Syst., Nov. 2009, pp. 1184–
1187.

Jiann-Jong Chen (M’97) was born in Keelong,
Taiwan, in 1966. He received the M.S. and Ph.D.
degrees in electrical engineering from National
Taiwan University, Taipei, Taiwan, in 1992 and 1995,
respectively.

From 1994 to 2004, he was a faculty member
at the Lunghwa University of Science and Tech-
nology, Taoyuan, Taiwan. Since August 2004, he
has been with the Department of Electronic Engi-
neering, National Taipei University of Technology,
Taipei, where he is currently a Professor. His research

interests include the area of mixed-signal integrated circuits and systems for
power management.

www.IranSwitching.ir

www.IranSwitching.ir


CHEN et al.: HIGH-EFFICIENCY POSITIVE BUCK–BOOST CONVERTER WITH MODE-SELECT CIRCUIT AND FEED-FORWARD TECHNIQUES 4247

Pin-Nan Shen was born in Yilan, Taiwan, in 1987.
He received the B.S. degree in electrical engineer-
ing from National Chin-Yi University of Technology,
Taichung, Taiwan, in 2009, and the M.S. degree in
electrical engineering from the National Taipei Uni-
versity of Technology, Taipei, Taiwan, in 2011.

His main research interests include mixed-signal
integrated circuits for power management.

Yuh-Shyan Hwang (M’04) was born in Taipei,
Taiwan, in 1966. He received the Ph.D. degree from
the Department of Electrical Engineering, National
Taiwan University, Taipei, in 1996.

During 1991–1996, he was a Lecturer in the De-
partment of Electrical Engineering, Lee-Ming Insti-
tute of Technology. From 1996 to 2003, he was an
Associate Professor in the Department of Electrical
Engineering, Hwa-Hsia Institute of Technology. In
2003, he joined the Department of Electronic En-
gineering and Graduate Institute of Computer and

Communication Engineering, National Taipei University of Technology, Taipei,
where he is currently a Full Professor. His current research interests include
analog integrated circuits, mixed-signal integrated circuits, power electronic in-
tegrated circuits, and current-mode analog signal processing.

Dr. Hwang is the reviewer of more than ten IEEE and Science Citation Index
journals. In 2010, he joined the Editorial Board of the Journal of Active and
Passive Electronic Components. In 2010, he became the Technical Program
Committee member of Very Large Scale Integration Design/CAD Symposium.

www.IranSwitching.ir

www.IranSwitching.ir


<<
  /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
  /CreateJDFFile false
  /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 false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.40
    /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 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 0.40
    /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (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


