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Abstract— The recent growth of battery powered 

applications and low voltage distributed energy sources, the 

high voltage gain DC-DC converter becomes a necessary 

part. Here, voltage multiplier cells are integrated with the 

classical non-isolated dc-dc converter in order to obtain high 

step-up static gain and reduction of maximum switch 

voltage. The diodes reverse recovery current problem is 

minimized and voltage multiplier operates as a regenerative 

clamping circuit. The operating principle, the design 

procedure, simulation model and results obtained are 

presented. A boost converter with one voltage multiplier 

stage was tested, for an application requiring an output 

power of 50 W, operating with 16 V input voltage and 80 V 

output voltage. The converter easily obtained high gain with 

low output voltage ripples and reduced switch voltage stress 

and obtained an efficiency equal to 92.55%. 
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Voltage Multiplier 

I. INTRODUCTION 

The global demand for electric energy has continuously 

increased over the last few decades. Energy and 

environment have become serious concerns in today's world. 

Alternative sources of green energy like renewable energy 

sources possess much importance in the present scenario. 

But the low output voltage of these sources remain as a 

challenge. High gain DC-DC converters find greater 

importance in this situation. Using an efficient DC-DC 

converter, the low output voltage of the renewable sources 

could be boosted up to high voltage which is suitable for 

grid-connected applications. Apart from that, high step-up 

and high power density non-isolated DC-DC converters are 

widely employed in many industrial applications such as the 

back-up energy conversion for uninterruptible power 

system, the high-intensity discharge lamps for automobile 

headlamps etc. 

 
Fig. 1: DC-DC converter in a utility grid system 

The absence of the bulky and costly transformer 

makes a non-isolated DC-DC converter more advantageous 

than an isolated converter. The conventional non-isolated 

boost converter can be advantageous for step-up 

applications that do not demand very high voltage gains 

mainly due to the design simplicity. To achieve high voltage 

gains, conventional boost converter require large switch 

duty ratios. However, in practical terms, the efficiency is 

drastically reduced for large duty ratios and this results in 

large input current ripples and diode reverse recovery 

problems. Interleaved structure can be adopted in high 

power applications to minimize the current ripple, improve 

the dynamic response, reduce the magnetic component size, 

and achieve the thermal distribution. The gain or voltage 

conversion ratio is same as that of the conventional boost 

converter and as a result is not suitable for high gain 

applications. 

Cascading one or more boost converters may be 

considered to obtain high voltage gain. Even though more 

than one power processing stage exists, the operation in 

continuous conduction mode (CCM) may still lead to high 

efficiency. However, the cascade converter requires two sets 

of power devices, magnetic cores, and control circuits, 

which is complex and expensive. The system stability of the 

cascade structure is another big issue, and the control circuit 

should be designed carefully. 

Voltage multiplier cells can be used along with the 

conventional boost converter to achieve high voltage gains. 

By means of capacitor charge transference using a Dickson 

charge pump voltage multiplier, the output voltage can be 

boosted up to the desired level with only a low voltage 

across the boost switch. The gain of this converter depends 

purely on the switch duty ratio and the number of multiplier 

cells. The project describes a high voltage gain DC-DC 

converter with high efficiency, low output voltage ripples 

and reduced switch voltage stress. The converter is capable 

of boosting the low voltage output of the renewable energy 

sources and other low voltage storage elements.  

II. BOOST CONVERTER WITH VOLTAGE MULTIPLIER 

This voltage multiplier cell can be integrated with the 

classical converters such as buck, boost and buck-boost, 

composed by the switch (S), inductor (L), output diode (D0) 

and filter capacitor (C0). The new features obtained with the 

integration of the voltage multiplier cell are the same for all 

basic converters. However, the use of the voltage multiplier 

integrated with the buck converter does not introduce 

practical advantages because the output voltage must be 

lower than the input voltage. The basic structure of the 

single-phase voltage multiplier cell is shown in fig. 2 and is 

composed by the diodes (DM1 and DM2), the capacitors (CM1 

and CM2). 

 
Fig. 2: Boost converter with voltage multiplier 

The voltage multiplier cell can also operates with 

the resonant inductor (Lr).The inclusion of this small 

inductance (typically 1µH to 4µH) allows the power switch 
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to operate with zero-current-switching (ZCS) turn-on and 

the negative effects of the reverse recovery current of all 

diodes are minimized. These characteristics reduce the 

converter commutation losses, allowing the operation with 

high switching frequency, maintaining high efficiency. 

The voltage multiplier cell increases the static gain 

of the classical boost by a factor (M+1), where M is the 

number of multiplier cells. However, the maximum switch 

voltage is (M+1) lower than the output voltage. In the 

simplest case (M=1), the switch voltage is half of the output 

voltage. This characteristic allows the use of low drain-

source voltage and low RDSON MOSFETs, reducing the 

switch conduction losses. 

III. OPERATION ANALYSIS 

Better operation characteristics are obtained when the 

converter operates in continuous conduction mode (CCM).  

At the first stage, switch S is turned OFF and the energy 

stored in the input inductor LIN is transferred to the output 

capacitor C0 through the diode D0 and also transferred to the 

multiplier capacitor CM1 through the diode DM1. During this 

instant the multiplier capacitor CM2 discharges to the load. 

Thus, 

𝑉𝐶𝑀𝐼 =
1

(1 − 𝐷)
𝑉𝐼𝑁 

𝑉0 =
1

(1 − 𝐷)
𝑉𝐼𝑁 + 𝑉𝐶𝑀2 

 
Fig. 3: First Stage 

At the next instant, the capacitor CM1 gets fully 

charged to the input voltage and the current through the 

diode DM1 becomes zero. The energy of the input inductor 

and capacitor CM2 is transferred to the load through the 

diode D0. 

 
Fig. 4: Second Stage 

At the third stage, the switch S is turned-on. Thus 

the output diode also is blocked with low reverse recovery 

current. The input inductor gets charged from the supply and 

the capacitor 

CM1 charges the capacitor CM2. The output 

capacitor C0 discharges to the load during this stage. 

 

𝑉𝐶𝑀1 = 𝑉𝐶𝑀2 

 
Fig. 5: Third Stage 

After the capacitor CM2 gets fully charged, diode 

DM2 also gets reverse biased, and the load is supplied by the 

output capacitor and the input inductor, LIN stores energy 

from the supply.  

 
Fig. 6: Fourth Stage 

Thus the output voltage, 

𝑉𝐶𝑀𝐼 =
1

(1 − 𝐷)
𝑉𝐼𝑁 

         𝑉0 =
1

(1 − 𝐷)
𝑉𝐼𝑁 + 𝑉𝐶𝑀2 

     =
2

(1 − 𝐷)
𝑉𝐼𝑁      

IV. CONVERTER DESIGN 

To analyze the practical aspects of the presented converter, a 

prototype of the converter should be designed. ie, the value 

of the input inductor LIN, Multiplier capacitors, CM1 and 

CM2, output capacitor C0, switch S etc. should be carefully 

chosen. 

A. Static Gain 

The multiplier capacitor is charged with the output voltage 

of the classical boost converter at the fourth operation stage. 

As this capacitor is connected in series with the converter 

output at the transference of the energy stored in the input 

inductance (first and second stages), the output capacitor is 

charged with the boost output voltage multiplied by two. 

𝑉𝐶𝑀𝐼 = 𝑉𝐶𝑀2 =
1

(1 − 𝐷)
𝑉𝐼𝑁 

𝑉0 =
1

(1 − 𝐷)
𝑉𝐼𝑁 + 𝑉𝐶𝑀2 

=
2

(1 − 𝐷)
𝑉𝐼𝑁      

B. Switch Duty-Cycle 

The nominal duty-cycle is defined by 

 

𝐷 =
𝑉0 − (𝑀 + 1)𝑉𝐼𝑁

𝑉0

 

Here M=1. Therefore, 
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𝐷 =
𝑉0 − 2𝑉𝐼𝑁

𝑉0

 

C. Switch Voltage 

The maximum voltage in all diodes and power switch is 

equal to the CM1 voltage, which is equal to the output 

voltage of the classical boost. ie, the voltage in all 

components is half of the output voltage. 

𝑉𝐶𝑀𝐼 = 𝑉𝐶𝑀2 = 𝑉𝑆 = 𝑉𝐷 =
1

(1 − 𝐷)
𝑉𝐼𝑁 

D. Input Inductance 

The design of the input inductance is the same of the 

classical boost converter. 

𝐿
𝑑𝑖𝐿

𝑑𝑡
= 𝑣𝐿 

𝐿𝑚𝑖𝑛 =
𝑉𝐼𝑁𝐷

2𝐼𝐿𝑓𝑆

 

E. Voltage Multiplier Capacitor 

The minimum capacitance of the voltage multiplier 

capacitors CM1 & CM2 depends on the maximum output 

power, the multiplier capacitor voltage and the switching 

frequency. 

𝐶𝑀 ≥
𝑃0𝑚𝑎𝑥

𝑉𝐶𝑀
2 𝑓𝑆

 

Where, f - Switching frequency 

VCM - Voltage across the multiplier capacitor 

P0max - Maximum output power 

F. Output Capacitor 

The value of the output capacitor is chosen by considering a 

0.1% ripple of the output voltage. 

𝐶
𝑑𝑣𝐶

𝑑𝑡
= 𝑖𝐶 

𝐶0 =
𝑉0𝐷

2∆𝑣𝐶𝑅𝑓𝑆

 

Where, VIN is the input voltage, V0 is the output 

voltage, D is the duty ratio, R is the load resistance, VcM1 

and VCM2 are the voltages across the multiplier capacitors, fs 

is the switching frequency.  

V. SIMULATION STUDIES 

The Simulation of the boost converter with one voltage 

multiplier cell is done in MATLAB/SIMULINK 

environment. 

Parameter Values 

Input Voltage, VIN 16 V 

Output Voltage, V0 80 V 

Output Power, P 50 W 

Switching frequency, fs 10 kHz 

Duty Ratio 0.6 

Multiplier Capacitors CM1,CM2 100 µF 

Inductance, L 1.536 mH 

Capacitance, C 220 µF 

Table 1: Design Specifications 

 
Fig. 7: MATLAB simulation of a Boost with Voltage 

Multiplier Converter 

An output voltage of 75.3 V is obtained as the 

simulation result with an output current of 0.59 A. 

 
Fig. 8: Output voltage waveform of a Boost with Voltage 

Multiplier Converter 

Parameter Boost 
Interleaved 

Boost 

Boost with 

Voltage 

Multiplier 

Input Voltage, 

VIN 
16 V 16 V 16 V 

Output 

Voltage, V0 

38.72 

V 
38.95 V 75.3 V 

Input Current 3.1 A 3.1 A 3.0 A 

Output 

Current 

1.21 

A 
1.218 A 0.59 A 

Output 

voltage ripple 
0.1 V 0.03 V 0.1 V 

Input current 

ripple 
0.3 A 0.1 A 0.3 A 

Voltage 

across switch 
39 V 39 V 38 V 

Efficiency 
94.4 

% 
95.6 % 92.55 % 

Table 2: Comparison 

VI. EXPERIMENTAL DETAILS 

Hardware setup of the boost with voltage multiplier 

converter is implemented to power a 50 W system. The 

converter provides an output voltage of 74.5 V for an input 

16 V. The completed laboratory set-up of multilevel boost 

converter circuit is as shown in Fig 9. The converter 

parameter values and the results are shown in Table III. 
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Fig. 9: Experimental Setup of the Prototype 

Parameter Values 

Input Voltage, VIN 16 V 

Output Voltage, V0 74.5 V 

Switching frequency, fs 10 kHz 

Inductance, L 1.5 mH 

Capacitance, C 220 µF 

Load Resistor 150 ohm 

Table 3: Experimental Details 

VII. CONCLUSION 

The Boost converter with one voltage multiplier cell was 

studied and the results are analyzed. The presented converter 

is an efficient solution for a DC-DC converter with high 

gain. Low voltage across the switch enables the use of 

power MOSFETs of less RDSON and also increases the 

converter efficiency with reduced cost of the switch. As the 

voltage across the switch is irrespective of the number of 

multiplier stages, more VM stages could be added to 

increase the gain without a much reduction in efficiency. 

Thus the converter satisfies the general requirements of a 

DC-DC converter. However, the diode reverse recovery 

characteristics remain as an issue affecting the efficiency of 

this converter. A prototype for a 50 W load is designed with 

an input DC voltage of 16 V. The hardware results validate 

the advantages of the presented converter. 
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