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Abstract— LED lighting is a lamp that is to be provided 

using AC voltage. The voltage of 220-240 volts is the working 

voltage of the LED lighting. Under certain conditions, the driver 

LED light can also be activated using a DC voltage at a voltage 

of 120-125 volts DC. In solar cell power plants, storage of 

electrical energy from solar cells generally uses 2-12 volt 

batteries. To turn on the LED lighting utilizing the input voltage 

from the solar cell battery, equipment is needed that can 

increase the voltage level greater than 120 volts DC. DC-DC 

converters can be utilized to raise a low voltage level to a higher 

voltage level. In this paper, the boost converter as a DC-DC 

converter and the Cockcroft Walton method is used as a power 

supply for LED lighting in households. After testing, the output 

voltage from DC to DC is 119.98 volts with a 5-watt lamp loads 

with a current of 0.0389 A, while the input voltage is 3.7 volts 

and a current of 1.49 amperes with an efficiency of 84.5% and 

is feasible to be implemented. 

 Keywords—DC-DC converter, solar cell, battery, cockcroft-

walton, lighting. 

I. INTRODUCTION  

The solar cell power plant generates electrical energy 

from the conversion of heat energy from sunlight. The hotter 

the sunlight hitting the solar cell panels. The more electrical 

energy is produced. This generator is easy to find and easy to 

install. In addition, the current price of solar cells is relatively 

cheaper compared to other types of power plants. The process 

of storing electrical energy generated by solar cells is stored 

in batteries / batteries using solar charge control (SCC) as a 

management control [1]. The duration of time used to fully 

charge a battery depends on the size of the battery capacity 

[2]. The battery used in the solar cell is a deep cycle dry 

battery that has a fairly long lifetime, which is around 4-5 

years in routine use and is resistant to the surrounding 

weather. Batteries are used to store electrical energy in solar 

cells work based on chemical reactions [3-5]. Solar cell 

batteries generally utilize a voltage of 2-12 volts DC with a 

very large current capacity ranging from 7Ah to 200Ah. The 

use of solar cells in households is usually used in electrical 

equipment that absorbs small electrical power such as radios, 

televisions and lighting. 

LED lighting (light emitting diode) is a type of lighting 

that uses a driver circuit to convert an AC voltage to a DC 

voltage to a lower voltage level to power the LED circuit. 

LED lighting is a lamp that has a fairly high efficiency with 

very low power absorption. To turn on the LED lighting using 

a battery as the input voltage, a low level DC voltage to high 

level AC voltage converter circuit is required which is 

commonly known as an inverter [6]. Household LED lighting 

work at a voltage of 220-240 volts AC. Under certain 

conditions, the LED lighting can also be turned on using a 

DC voltage with a voltage of 120-125 volts DC. If the LED 

lamp is powered by a battery with a voltage of 2-12 volts DC, 

the LED light does not power up. This is because the battery 

voltage level is not high enough to turn on the LED light as 

lighting. DC-DC can be utilized to increase low-level DC 

voltage to high-level DC voltage or vice versa [7] - [9]. A 

DC-DC converter can use flyback, forward, half bridge and 

full bridge converter topologies [10] - [11], [12] - [13]. The 

DC-DC converter in this paper utilizes the boost DC-DC 

converter method using a flyback converter topology [14] - 

[15]. The DC-DC converter can be implemented using [16], 

[17] or without a transformer [18] - [19]. The LC oscillator 

tank is used as a pulse circuit in the DC-DC converter [20]. 

Besides that, the interleaving method [21] and PWM can be 

used as a trigger circuit in the DC-DC converter switching 

[22-24]. 

Cockcroft-walton is a voltage booster circuit used to 

increase the AC voltage level from a low voltage level to a 

higher AC voltage level by doubling or multiplying the AC 

input voltage [25-28]. The Cockcroft-Walton method 

consists of a diode [29] and a capacitor [30] circuits. This 

method is space-saving, very simple, lightweight and cost-

effective when compared to the voltage multiplier utilizing a 

transformer [31]. This paper discusses the design of a boost 

converters using the Cockcroft-Walton method as a voltage 

multiplier that can be utilized to turn on household LED 

lighting. 

II. THE PROPOSED SYSTEM 

 A DC-DC converter is a converter that is used to convert 

DC voltage at a certain level to DC voltage at different levels. 

In this paper, an input DC voltage with a low voltage level is 

applicable to produce a higher voltage level. Several types of 

DC-DC converter topologies that are commonly used include 

step-down (buck) converters, step-up (boost) converters, 

step-down / step-up (buck-boost) converters, forward 

converters, flyback converters, half- bridge, push-pull and 

full-bridge. In this converter, generally without or using a 

transformer as insulation. In this paper, a flyback converter 

topology is used in building a boost converter system as a 

power supply for lighting lamps. The reason for choosing this 

topology is based on the form of a flyback converter topology 

which is simple, cheap and easy in determining the 

components utilized. The electronic components used in this 
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flyback converter consist of a power transistor as an electric 

switch, a ferrite type transformer as a power supply and 

voltage level riser, a half-wave surrender on the feedback side 

and a voltage multiplier using the Cockcroft-Walton method. 

The load used throughout this paper is a resistive load in the 

form of a Philips LED lighting that has a working voltage of 

200-240 volts AC. Fig. 1 shows a block diagram of the boost 

converter circuit system as a power supply to the lighting 

lamp. 

 

Fig. 1. Block diagram of a DC-DC converter as a power supply to a lighting 

lamp. 

III. DESIGN DC-DC CONVERTER 

Before implementing the actual circuit, in this paper, 

simulation of the DC-DC converter circuit is performed first. 

The flyback converter circuit with a voltage multiplier using 

Cockcroft-Walton as a DC-DC converter is used in this paper 

as showed in Fig. 2. The flyback converter topology was 

chosen in this paper because it is easy, small in size and easy 

to implement. While the Cockcroft-Walton method is a very 

simple method to be used as a voltage multiplier. VDC1 as a 

power supply boost converter which is used to supply DC 

voltage with low voltage is shown in Fig. 2. The NPN type 

transistor is used as a power switch in the converter, while the 

transformer ferrite is used as an oscillator generator to 

produce a trigger voltage at the base of the transistor. In 

addition, a ferrite transformer is employed as an AC voltage 

booster at the output converter. The transformer used has a 

primary winding with 2 windings on the secondary. The 

oscillator is produced from the RC filter in this circuit, 

components R3 and C1 as a pulse generator at the base of the 

power switch transistor. Diode D3 is a diode with high 

frequency switching characteristics which are used as a half-

wave rectifier of the output voltage of the transformer. The 

combination of diodes D1, D2 and C2, C3 is an AC voltage 

multiplier using the Cockcroft-Walton method. This paper 

uses only one stage in the Cockcroft-Walton method. The 

capacities of capacitors C2 and C3 determine the number of 

output current in the converter. Capacitor C4 is a DC voltage 

leveler that has been rectified in a voltage multiplier circuit 

to get a DC voltage form of a smaller ripple content, while 

the resistor RL is a replacement circuit for the lighting load. 

In this paper, LED light with the driver is used as a load on 

the converter. Table 1 shows some of the parameter 

specifications used in the boost converter simulation in this 

paper. 

 

 

Fig. 2. Design flyback converter and voltage multiplier with Cockcroft-

Walton method.  

TABLE I. SIMULATION PARAMETER SPECIFICATION 

No Parameter Specification 

1 Power supply voltage 3.7 volt 

2 Transistor NPN 

3 R3 2k2 Ohm 

4 C1 0.47uF 

5 Primery transformer winding 17 turns 

6 Secondary feedback transformer 
winding 

19 turns 

7 Output secondary transformer winding 250 turns 

8 C2 dan C3 0.01 uF 

9 C4 0.2 uF 

10 R Load 3125 ohm 

 

IV. RESULTS AND DISCUSSION 

Simulation using PSIM software has been made in this 

paper. In the simulation, parameter specifications are paid as 

in Table 1. To facilitate the observation at the points of the 

flyback converter circuit, several probes are used to assess 

voltage and current. Built on the simulation results, the 

flyback converter circuit produces a waveform, the amount 

of output voltage and current as in Figure 3. Fig. 3 shows that 

the output voltage has a momentary increase of greater than 

350 volts. Then decreases to a voltage of close to 0 volts. 

However, in the next period, the voltage increased to close to 

119.98 volts DC. It is lower than 0.005 seconds after the 

system starts up for the first time. The output voltage 

experiences a stable state after 0.0045 seconds. This output 

voltage waveform is a stage 1 output voltage of the voltage 

multiplier using the cockcroft-walton method.  

Fig. 4 shows in the shape of the output voltage after the 

voltage boost transformer. In this test, the resulting voltage is 

107 volts in the form of AC voltage. The voltage experiences 

a steady state after less than 0.01 seconds. In Fig. 5, a 

comparison of the shape of the voltage after the stepping 

transformer and the output voltage multiplier DC-DC 

converter is shown. 

 

Battery 
DC-DC 

Converter 

LED with 

Driver 
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Fig. 3. Form of the flyback converter output voltage. 

   

Fig. 4. The shape of the voltage after the step-up transformer. 

 

 

Fig. 5. The shape of the voltage after the voltage stepping transformer and 

the voltage multiplier output voltage. 

 

Fig. 6. Form and voltage at the base of the power transistor. 

 

 In Fig. 6 shows the form of the input voltage at the base 

of the power transistor which is utilized to trigger the 

transistor so that the transistor is in an energized state. The 

amount of voltage used to produce the energize condition on 

the base of the power transistor is 13.7 volts. This voltage is 

generated from the process of rectifying the feedback voltage 

of the stepping transformer after the system is first powered 

up. The waveform and voltage magnitude are as showing in 

Fig. 7. The frequency used as an oscillator at the base of the 

power transistor so that it is in the energized state is 5kHz. 

 

Fig. 7. Form of the feedback voltage of the step-up transformer. 

   

 The form of the output current from the boost converter 

can be shown as in Fig. 8. In this figure, the current required 

to turn on a 5 watt lighting lamp is 0.0389 A while the DC 

input current absorbed in this system is 1.49 A. Apart from 

being the output voltage leveler, the capacitors C3 and C4 in 

this multiplier circuit are also used as limiters for the output 

current. The form and magnitude of the DC input current in 

this boost converter are as showed in Fig. 9. 
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Fig. 8. Forms of output current from DC to DC converter. 

 

Fig. 9. Form of input current from DC to DC converter. 

Based on the simulation results carried out on the boost 

converter on the input side of the system. The input voltage 

is 3.7 volts with the absorbed current of 1.49A. While on the 

output side of the system, the output voltage is 119.98 volts 

on the output current on the 5W LED lamp of 0.0389A. The 

maximum efficiency of the boost converter in this paper 

reaches 84.5%. These results are obtained from the 

comparison formula for the input power of the boost 

converter compared to the output power of the boost 

converter as in equation 1. The efficiency of the boost 

converter is shown in table II. 

Ƞ =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
=

𝑉𝑜𝑢𝑡 𝑥 𝐼𝑜𝑢𝑡

𝑉𝑖𝑛 𝑥 𝐼𝑖𝑛
  𝑥 100%                               (1) 

 

TABLE II. EFFICIENCY BOOST CONVERTER. 

No 

Parameter 

Load 

(W) 

Vin 

(V) 

Iin 

(A) 

Vout 

(V) 

Iout 

(V) 

Pin 

(W) 

Pout 

(W) 
Ƞ (%) 

1 5 3.7 1.49 119.98 0.0389 5.513 4.66 0.845 

 

V. CONCLUSIONS 

A Simple control strategy DC-DC converter using low 

voltage and voltage multiplier with Cockcoft-Walton method 

was designed and analyzed. The proposed converter was 

successfully demonstrated to boost 3.7V to 119.98V with 

lamp load of 5W. The current Absorbed in the DC-DC 

converter circuit is 1.49A with an output current of 0.0389A. 

The resulting efficiency from the DC-DC converter circuit is 

84.5%. 
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