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Abstract. A high gain DC/DC (HG-DC/DC) converter and a second-generation HG-DC/DC 

(SGHG-DC/DC) converter are proposed in this paper. The proposed converter has a new boost 

unit. The continuous-conduction mode (CCM) operation of the proposed converter is analyzed. 

Theoretical analysis shows that the proposed converters have a special U-shaped gain curve, 

which can achieve high gain by increasing or decreasing duty cycle. Finally, an experimental 

prototype with a maximum power efficiency of 91% is built to confirm the correctness of the 

theoretical derivation and analysis. 

Keywords:  High voltage gain, Boost unit, Low voltage stress 

1 Introduction 

Recently, renewable energy sources such as photovoltaic (PV) panels and tidal energy have drawn the 
attention of most scholars [1-4]. Photovoltaic grid-connected systems usually use single or several 
photovoltaic cell modules as the input voltage, increase the voltage through a boost network, and finally 
combine them into the grid through an inverter [5-6]. However, the application of renewable energy has 
some challenges because of their output voltage is low. Scholars have proposed many converters to boost 
the low voltage of the DC power supply, which can be divided into isolated converters and non-isolated 
converters according to their structures [7-14]. 

The isolated converters include full bridge, forward, flyback, high-frequency transformer, push pull 
and half bridge converters [15-18]. High gain can be obtained by changing the duty cycle or switching 
frequency, or changing the transformer’s turn ratio. At the same time, the isolated converters have some 
drawbacks, such as complex structure, large switching loss, low efficiency, large volume and heavy 
weight [19-22]. On the contrary, the non-isolated converters have the advantages of small size and high 
efficiency. The non-isolated converters include Boost, Buck-Boost, NHS, SL, SC, Ćuk, Zeta, Luo-
converters [23-28]. These converters have the effect of increasing the output voltage. However, some 
problems exist in actual operation, for example high voltage and current stress on the components, 
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limited boost capacity, all of which limit the application of the converters. Therefore, which converter 
should be selected in actual application is dependent on the requirement [29-33]. 

A high gain DC/DC (HG-DC/DC) converter and a second-generation HG-DC/DC (SGHG-DC/DC) 
converter are put forward in this paper to realize high voltage gain, low voltage stress and voltage ripple. 
The proposed converter has different gain curves from the traditional converter. The voltage gain curves 
of the proposed converters are U-shaped. The purpose of boosting voltage can be realized by reducing or 
increasing the duty cycle of the converter. The smaller the duty cycle is, the smaller the voltage stresses 
on the switches are. The theoretical derivation is further verified by the experimental results on the 
practical prototype. 

2 HG-DC/DC Converter 

The topology structure of the proposed HG-DC/DC converter is shown in Fig. 1. It is composed of 
switches S1 and S2, inductors L1 and L2, diodes D1-D3, capacitors C1-C3, input voltage Uin and load R. 

 

Fig. 1. The topological structure of the proposed HG-DC/DC converter 

3 Boost Unit 

In this section, the boost unit is proposed and extended to improve the gain of the proposed HG-DC/DC 
converter. Meanwhile, with the increase of the boost unit, the voltage gain rises obviously. The boost unit 
is shown in Fig. 2, the topologies of structural elements N = 1, 2, 3 and 4 are given. 

 

Fig. 2. Boost unit (N=1, 2, 3, 4) 

4 SGHG-DC/DC Converter 

To further improve voltage gain, the boost unit is added into HG-DC/DC, then the second-generation 
HG-DC/DC converter (SGHG-DC/DC) is formed. Take N=2 as an example, the SGHG-DC/DC 
converter topology is shown in Fig. 3(a). 

It is composed of switches S1-S3, inductors L1 and L2, diodes D1-D3, capacitors C1-C4, power supply 
Uin and load. Among them, capacitor C2 and C3 form a symmetrical structure. Switches S2, S3 and S1 are 
turned on alternately; switch duty cycle is D, and 0<D<1. The SGHG-DC/DC converter has two 
operating modes, they are as follows.  

Fig. 3(b) and 3(c) show the CCM operation mode, respectively. 
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(a) the SGHG-DC/DC  
converter topology 

(b) S1 is on (c) S1 is off 

Fig. 3. The topological structure of SGHG-DC/DC converter 

4.1 CCM Mode Analysis of the SGHG-DC/DC Converter 

When the duty cycle is 0.5, Fig. 4 shows the main waveform of SGHG-DC/DC converter; from top to 
bottom is: drive signal of switches S1-S3, the current of L1 and L2, the current flowing through D1 and D3, 
the voltage of C1 and C2. 

 

Fig. 4. The main waveform of SGHG-DC/DC converter at D=0.5 

The operation of the proposed SGHG-DC/DC converter in CCM is described as follows: 
In mode 1: during the period of 0≤t≤DT (T is the switching cycle), switch S1 is on; the switches S2 and 

S3 are off; and diodes D2 and D3 are off. And then the input voltage Uin charges L1 through S1. C1, C2, C3, 
L2 and Uin charge the load through diode D1. Fig. 3(b) shows the equivalent circuit, and equation (1) can 
be obtained: 
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In mode 2: during DT < t ≤ T, S1 is turned off, S2, S3 and D1 are turned on. L1 charges C1 through the 
diode D2. Uin and L1 charge C2, C3 and L2 through diode D3. C4 charges the Load. Fig. 3(c) shows the 
equivalent circuit, and equation (2) can be obtained: 
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Adopted the volt-second balance of inductor, equation (3) can be gotten: 
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Therefore, the output voltage gain G of the proposed SGHG-DC/DC converter can be gotten: 
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According to equation (4), the denominator is a function with the opening downward and that the 
symmetrical axis is that D is equal to 0.5. Therefore, equation (4) is not a monotonic function. When 
D=0.37, the G of the proposed SGHG-DC/DC converter is the smallest, and a higher gain can be gotten 
by increasing or decreasing D. 

4.2 N-Boost Unit HG-DC/DC Converter 

Fig. 5 shows the topology of N-boost unit HG-DC/DC converter. It can be extended to produce a higher 
voltage conversion ratio by cascading boost unit. 

 

Fig. 5. N-boost unit HG-DC/DC converter 

Adopting similar method for SGHG-DC/DC converter, the G of the N-boost unit HG-DC/DC 
converter can be obtained: 
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4.3 Voltage gain Comparison 

According to equation (4), Fig. 6(a) shows the voltage gains of the SGHG-DC/DC converter; the gain 
curve shows a U-shaped curve. And for comparison, the gains of the SH-SLC, SC-Boost, SL-Boost and 
Boost converters discussed in reference [19] are also illustrated in Fig. 6(a). The G of the SH-SLC is 
given by [19]: 

 
1 3

.
1

D
G

D

+
=

−

 (6) 

The G of the Boost converter is: 
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Compared with the gain curves of other converters, it can be seen from Fig. 6(a) that the HG-DC/DC 
and SGHG-DC/DC converters have higher gain when the duty cycle is same. And when the duty cycle is 
small, the gains of HG-DC/DC and SGHG-DC/DC converters are higher than those of the SH-SLC, SC-
Boost, SL-Boost and Boost converters. It can be figured out from Fig. 6(a), at the point D = 0.37, that the 
minimum G of the SGHG-DC/DC converter is equal to 7.46. 

Fig. 6(b) shows the G changing with the duty cycle varying when N is altered from 1 to 4. Obviously, 
the voltage gain of the SGHG-DC/DC converter is U-shaped curve; this type of curve has a higher 
voltage gain, and it can solve the problem that the duty cycle of some converters is subject to the rang 
0~0.5, meanwhile, the desired output voltage can be achieved through adopting the duty cycle from 0.5 
to1. 

 

(a) voltage gains of the converters (b) voltage gains of the SGHG-DC/DC converter

Fig. 6. Voltage gain of the converters 

4.4 Voltage Stress of Switches 

When switch S1 is off, the voltage stress of this switch is: 

 
1 2 2 3vpS C L CU U U U= = = . (8) 

By uniting (3), (4) and (8), equation (9) can be obtained: 
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When S2, S3 are off, the voltage stresses of the switches S2 and S3 are gained as equation (10): 
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By uniting (3), (4) and (10), equation (11) can be obtained. 
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Fig. 7(a) illustrates the switch voltage stresses of the HG-DC/DC and SGHG-DC/DC converters. It can 
be figured out from Fig. 7(a) that the voltage stresses of the proposed HG-DC/DC and SGHG-DC/DC 
converters are obviously lower than those of SL-Boost converter and Boost converter when the voltage 
gain is same. The inflection points in the diagram are the positions where the converter gain is minimal. 
And the switch voltage stress is obviously fewer than SC-Boost and SH-SLC converter at lower duty 
cycle. 
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(a) the voltage stresses of switch  (b) the current stresses of switch 

Fig. 7. The voltage and current stresses of switch 

4.5 Current Stress on Each Component 

According to the principle of ampere-second balance, the average current flowing through the capacitor 
within one cycle is 0. According to Fig. 3, the current flowing through capacitors C1, C2, C3 and C4 is as 
follows: 
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In formula (12), iin_on, iin_off, iL_on and iL_off are the input currents and the inductor currents when switch 
S1 is on and off. Generally speaking, when the inductor is large enough, the inductor under different 
modes meets the following requirements: 
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Substituting equation (13) into (12), it can be obtained: 

 
1

2

R

R

1 2

(1 )

1

L

L

D
I I

D D

I I
D

+⎧
=⎪ −⎪

⎨
⎪ =
⎪⎩

. (14) 

When the switches are turned on, the current flowing through the switches can be obtained: 
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Fig. 7(b) exhibits the switch current stresses of the proposed HG-DC/DC and SGHG-DC/DC 
converters. It can be figured out from Fig. 7(b) that the switch current stresses of the proposed HG-
DC/DC and SGHG-DC/DC converters are obviously lower than those of SL-Boost converter and Boost 
converter when the voltage gain is same. And the switch current stress is obviously lower than SC-Boost 
converter and SH-SLC converter at lower duty cycle. 

4.6 Efficiency Calculation 

The switches losses include switching loss and conduction loss. The switches losses can be described as 
equation (16): 
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where Ps, Prs and Psw represent the total losses of the switches, switches conduction losses, and switching 
losses, respectively; ISi(rms) is the effective current passing through switches when the proposed converter 
switches are turned on. Switches conduction loss is expressed as equation (17): 
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where rS1, rS2, and rS3 are the internal resistances of the switches S1, S2, S3, respectively. When rS1= rS2= 

rS3= rS, switches conduction loss is expressed as equation (18): 
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Switches switching loss is expressed as equation (19): 
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where tr is the turn-on-delay-time, tf is the turn-off-delay-time. The switches switching loss is expressed 
as equation (20): 
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Diodes conduction losses are expressed as equation (21): 
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Inductors conduction losses are expressed as equation (22). Where, rL1 and rL2 are the internal 
resistances of the inductors L1 and L2, respectively. 
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Capacitors conduction losses are expressed as equation (23): 
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where rCk and ICk are the internal resistances and effective currents of the capacitors, respectively. And 
effective currents can be obtained and expressed as equation (24): 
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When rC1= rC2= rC3= rC, capacitors conduction losses are expressed as equation (25). 
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Based on equations (16)-(25), the total power losses can be expressed in equation (26): 
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Therefore, the efficiency of SGHG-DC/DC can be figured out and expressed in equation (27): 
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5 Experimental Results 

An experimental prototype with power of 64W is built to verify the boost capability of the SGHG-
DC/DC converter. Fig. 8 demonstrates the experimental prototype of the SGHG-DC/DC converter, 
which includes the basic SGHG-DC/DC converter circuit, switch signal device (using 555 timer to 
provide switching drive signal and KD501 to lift voltage). Table 1 displays the component parameters.  

 

Fig. 8. The experimental prototype of SGHG-DC/DC 
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Table 1. The component parameters 

Components Parameters 

Uin (input voltage range) 5V~15V 

UR (output voltage range) 35V~200V 

D (duty cycle) 0.2~0.8 

fs (switching frequency) 50kHz 

L1 (inductor) 150μH, rL1=20mΩ 

L2 (inductor) 1.25mH, rL2=0.15Ω 

C1, C2, C3 (capacitors) 22μF, rC=20mΩ 

S1, S2, S3 (MOSFET) IRFB4229PBF, rS=38mΩ 

D1, D2, D3 (Diodes) MBR30100CT, VF=0.7V 

C4 (capacitor) 470μF/450V,rC=20mΩ 

R (load) 100Ω 

 
Taking the forward voltage drop of diodes, and the parasitic resistance of inductor and capacitor into 

account, the voltage gain of SGHG-DC/DC under different duty cycle conditions is shown in Table 2, 
which is slightly different in theory and practice. It can also be figured out from Fig. 6(b) that the 
theoretical value and measured value (the blue star in Fig. 6(b)) are different. 

Table 2. Theoretical gain vs practical gain 

D 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

Theoretical gain 8.75 7.62 7.5 8 9.17 11.43 16.25 

Practical gain 8 7.35 7.1 7.5 8.8 10.7 14 

 
Fig. 9 displays the experimental results of the SGHG-DC/DC with regulated input. The driving signal 

of every switch is illustrated in Fig. 9(a). Fig. 9(b)-(d) shows, when Uin =10.06V, D=0.5, the measured 
switch voltages, capacitor voltages and output voltage, and they are US1 = UC2 = UC3 =20V, US2 = US3 = 
40V, UC1 = 10V, UR = 80V, respectively. It can be figured out from Fig. 9(e) that when the input voltage 
is 10.6V (purple line) and the resistance value is 10% of the rated resistance value (RL), the output 
voltage is about 80V (green line). As shown in Fig. 9(f)-(h), when the input voltages are 9.2V, 11.2V and 
10.8V, respectively, the output voltage is 80V, and the corresponding duty cycle is 0.6, 0.4 and 0.3. Fig. 
10 shows the efficiency of SGHG-DC/DC under different load and input conditions. It can be seen that 
increasing the value of load and input voltage will improve the efficiency of SGHG-DC/DC.  

  

(a) the driving signal  (b) the switch voltages  (c) the capacitor voltages (d) D = 0.5 

   

(e) D = 0.72 (f) D = 0.6  (g) D = 0.4 (h) D = 0.3 

Fig. 9. The experimental waveforms of SGHG-DC/DC 
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Fig. 10. Efficiency of SGHG-DC/DC at different load and input 

The small signal model of the system is established, and the corresponding transfer function is 
obtained in equation (28): 
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Considering the voltage gain, power efficiency, easy implementation, and system stability, the closed 
loop control is adopted to control the proposed converter at 0.5<D<1. 

6 Conclusion 

Compared with traditional converters, the proposed converter has the advantages of high gain and low 
stress. This paper concentrates on the detailed theoretical analysis and experimental verification for 
SGHG-DC/DC. It can conclude that the proposed converter overcomes the drawbacks such as low gain 
and high stress in traditional converters. High gain can be obtained by increasing or decreasing duty 
cycle, which is one of the advantages of the proposed converter. 

Acknowledgements 

This work was financially supported by S&T Program of Hebei (18214302D) and (19212101D), Open 
Project of Provincial Collaborative Innovation Center of Industrial Energy-saving and Power Quality 
Control, Anhui Province (KFKT201504).  

In this paper, Shao-Ru Zhang and Wei Jiang contributed equally. 

References 

[1] E. Babaei, T. Jalizadeh, M. Sabahi, High step-up DC-DC converter with reduced voltage stress on devices, Int. Trans. 

Electr Energy. 29 (4)(2019) e2789. 

[2] L.S. Jose, P. Vicenc, C.C. Ramon, Optimal sizing of storage elements for a vehicle based on fuel cells, supercapa citors, 

and batteries, Energies 12 (5)(2019) 925. 

[3] M.S. Bhaskar, M. Mohammad, A. Iqbal, High gain transformer-less double-duty-triple-mode DC/DC converter for DC 

microgrid, IEEE Access 7 (2019) 36353-36370. 

[4] R. Moradpour, H. Ardi, A. Tavakoli, Design and implementation of a new SEPIC-based high step-up DC/DC converter for 

renewable energy applications, IEEE Trans. Ind. Electron. 65 (2)(2017) 1290-1297. 



Analysis, Design and Implementation of a Non-isolated DC-DC Converter with Low Stress 

132 

[5] P. Padmavathi, S. Natarajan, Single switch quasi z-source based high voltage gain dc-dc converter, Int. Trans. Electr. 

Energy. 30 (7)(2020) e12399. 

[6] Y. Zhang, H. Liu, J. Li, DC-DC boost converter with a wide input range and high voltage gain for fuel cell vehicles, IEEE 

Trans. Power Electron. 34 (5)(2019) 4100-4111. 

[7] A. Ajami, H. Ardi, A. Farakhor, A novel high step-up DC/DC converter based on integrating coupled inductor and 

switched-capacitor techniques for renewable energy applications, IEEE Trans. Power Electron. 30 (8)(2015) 4255-4263. 

[8] S. Danyail, S.H. Hosseini, G.B. Gharehpetian, New extendable single-stage multi-input DC-DC/AC boost converter, IEEE 

Trans Power Electron. 29 (2)(2014) 775-788. 

[9] R.J. Wai, W.H. Wang, C.Y. Lin, High-performance stand-alone photovoltaic generation system, IEEE Trans. Ind. Electron. 

55 (1)(2008) 240-250. 

[10] K. Sayed, Z.M. Ali, M. Dhaifullah, Phase-shift PWM-controlled DC-DC converter with secondary-side current doubler 

rectifier for on-board charger application, Energies 13 (9)(2020) 2298. 

[11] M. Premkumar, U. Subramaniam, H.H. Alhelou, Design and Development of Non-Isolated Modified SEPIC DC-DC 

Converter Topology for High-Step-Up Applications: Investigation and Hardware Implementation, Energies 13 (15)(2020) 

3960. 

[12] L. Yang, T. Liang, J. Chen, Transformerless DC-DC Converters With High Step-up Voltage Gain, IEEE Transactions on 

Industrial Electronics 56(8)(2009) 3144-3152. 

[13] T. Lessa, D. Denis, J. Wesley, D. Júnior, Survey on non-isolated high-voltage step-up dc-dc topologies based on the boost 

converter, IET Power Electron 8(10)(2015) 2044-2057. 

[14] M.A. Salvador, T.B. Lazzarin, R.F. Coelho, High step-up DC-DC converter with active switched-inductor and passive 

switched-capacitor networks, IEEE Transactions on Industrial Electronics 65(7)(2018) 5644-5654. 

[15] H. Liu, H. Hu, H. Wu, Overview of High-Step-Up Coupled-Inductor Boost Converters, IEEE Journal of Emerging and 

Selected Topics in Power Electronics 4 (2)(2016) 689-704. 

[16] P.K. Maroti, R. Al-Ammari, M.S. Bhaskar, New tri-switching state non-isolated high gain DC–DC boost converter for 

microgrid application, IET Power Electronics 12 (11)(2019) 2741-2750. 

[17] D. Gu, J. Xi, L. He, A synchronous rectified flyback AC-DC converter using capacitor-coupled isolated communication, 

IEICE Electron. Express 17 (8)(2020) 20200013. 

[18] A.A. Fardoun, E.H. Ismail, Ultra step-up DC-DC converter with reduced switch stress, IEEE Trans. Ind. Appl. 46 (5)(2010) 

2025-2034. 

[19] M.A. Al-Saffar, E.H. Ismail, A high voltage ratio and low stress DC-DC converter with reduced input current ripple for 

fuel cell source, Renew. Energy 82 (SI)(2015) 35-43. 

[20] B. Bryant, M.K. Kazimierczuk, Voltage-loop power-stage transfer functions with MOSFET delay for boost PWM 

converter operating in CCM, IEEE Trans. Ind. Electron 54 (1)(2007) 347-353. 

[21] J.C. Rosas-Caro, J.M. Ramirez, P.M. Garcia-Vite, Novel DC-DC multilevel boost converter, in: Proc. 2008 IEEE Power 

Electron Specialists Conference, 2008. 

[22] Y. Tang, D. Fu, T. Wang, Hybrid switched-inductor converters for high step-up conversion, IEEE Trans. Ind. Electron 62 

(3)(2015) 14801490. 

[23] R. Amir, N. Ali, A. Hasana, An efficient branch and bound algorithm for direct model predictive control of boost converter, 

IEICE Electron. Express 16 (5)(2019) 20180445. 



Journal of Computers Vol. 32 No. 6, 2021 

133 

[24] S. Lee, H. Do, High step-up cascade synchronous boost DC-DC converter with zero-voltage switching, IET Power 

Electronics 11 (3)(2018) 618625. 

[25] V. Jagan, J. Kotturu, S. Das, Enhanced-boost quasi-z-source inverters with two-switched impedance networks, IEEE Trans. 

Ind. Electron 64 (9)(2017) 6885-6897. 

[26] X. Zhu, B. Zhang, High step-up quasi-z-source DC-DC converters with single switched capacitor branch, Journal of 

Modern Power Systems and Clean Energy 5 (4)(2017) 537-547. 

[27] Z. Zhang, H. Zhou, C. Deng, Multiloop interleaved control for three-level buck converter in solar charging applications, 

IEICE Electron. Express 15 (11)(2018) 20180369. 

[28] G. Wu, X. Ruan, Z. Ye, Nonisolated high step-up DC-DC converters adopting switched-capacitor cell, IEEE Trans. Ind. 

Electron 62 (1)(2015) 383-393. 

[29] L. Liu, S. Zhang, F.L. Luo, High boost DC-DC converter: HB-LDC converter, IEICE Electron. Express 16 (6)(2019) 

20181138. 

[30] S.K. Kao, J.H. Wu, H.C. Cheng, All-digital controlled boost DC-DC converter with all-digital DLL-based calibration, 

Microelectronics journal 46 (10)(2015) 970-980. 

[31] Y. Jiao, F.L. Luo, B.K. Bose, Voltage-lift split-inductor-type boost converters, IET Power Electron 4 (4)(2011) 353-362. 

[32] P. Mohseni, S.H. Hosseini, M. Maalandish, Ultra-high step-up two-input DC-DC converter with lower switching losses, 

IET Power Electronics 12 (9)(2019) 2201-2213. 

[33] P. Alavi, P. Mohseni, E. babaei, An ultra-high step-up dc-dc converter with extendable voltage gain and soft-switching 

capability, IEEE Trans. Ind. Electron 67 (11)(2020) 9238-9250. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005b683964da300c9ad86a94002851fa8840002b89d27dda0029300d005d0020005b683964da300c8f3851fa0033003000300064002851fa88400029300d005d00204f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9.354330
      /MarksWeight 0.141730
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


