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Abstract— Super capacitor power bank is a charge storage 

device composed of normal electrolytic capacitors. As the 

name suggests it can perform exactly like a charge storage 

cell. In addition to that it can provide multiple output power 

options and LDO output for small power applications. The 

charging and discharging time is one of the crucial factors in 

the calculation of charge in the device. The charging time of 

the capacitor is very small and discharging time will be very 

high. Since we can block the discharging path then the 

discharging time can be increased to two to three days. The 

main advantages of the system are less weight, easy to 

handle and multiple power options. The function of LDO is 

to provide sustained low drop voltage for low power 

applications. 
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I. INTRODUCTION 

A capacitor is a passive device designed to store a particular 

amount of charge. Then one question will come up that how 

much time the capacitor can hold the charge. The answer to 

the above question can provide a lot of application ideas. A 

capacitor is able to store a rated amount of charge; the rate 

of charge depends on the parameters of the materials used. 

The capacitors can be classified according to the materials 

which is made up of. Based on the material composition the 

charge storing capability of the capacitor will vary. 

Tantalums, mica, ceramic and electrolytic are the various 

classifications of capacitors according to the material.    

 Like the other two passive components such as 

resistor and inductor, capacitor also has a proper 

construction. The construction of the capacitor is same for 

all the different varieties of capacitors. But we can see a 

slight variation in the constructions as we move from one 

model to other. Otherwise most of the capacitors have a 

unique structure. A capacitor is a two terminal electrical 

device consists of two parallel plates separated by a 

insulator medium.  These two terminals stores electric 

energy when they connected to a power source. One source 

terminal stores positive energy and other stores negative. 

The capacitance can be defined as, it is the amount of 

electric energy stored in the capacitor at 1 volt and it is 

measured in units of Farad denoted by F. 

 The capacitor separates current in DC (direct 

current) circuits and short circuit in AC (alternating current) 

circuits. The capacitance of a capacitor can be increased in 

three ways such as, increase the plate size, reduce the gap 

between the plates and separate the plates by a good 

dielectric. 

   A super capacitor has specific features and it 

differs from the ordinary capacitors. Here the system is 

implemented with 4700µF,25 V electrolytic capacitors. 

Input voltage of the system can vary from 6 V to 25 V. 6V is 

the minimum input voltage to get the 5V output across the 

7805 linear regulator. The capacitors are connected in 

parallel form and the total capacitance is the cumulative of 

all the individual capacitances. Low dropout regulators 

(LDOs) are a simple inexpensive way to regulate an output 

voltage that is powered from a higher voltage input. They 

are easy to design and use. The same unit consists of a 

Darlington pair stage to accomplish the rated current 

requirements. The darlington pair output can able to deliver 

5V supply with proper load current. 

II. SYSTEM ARRANGEMENT 

 
Fig. 1: Super capacitor power bank 

The block diagram (Fig 1) reveals the complete structure of 

super capacitor power bank model. This simple structure can 

be used for simple small current and small voltage 

applications. This system is intended especially for charging 

the mobile phones as well as small current appliances like 

LED lights and emergency lightening systems. The first 

stage of the power bank is a voltage rectifier. The rectifier is 

designed to rectify the unregulated input AC signal to a 

rectified DC. The output voltage of the rectifier is 20V. The 

super capacitor structure is made in a parallel connection of 

six 4700 µF 25V. So the arrangement can store a voltage up 

to 25V. The output of the system consists of two specific 

sections. One section can be used for current and other for 

voltage. So the user can choose the output port.  

III. KEY UNITS 

A. Storage Mechanism 

The focal point of the system is capacitor. The 4700 µF 

capacitors are able to charge and hold the charge for a 

particular period of time. Then one question will arise that, 

how long this charge will retain on the capacitor. The 

maximum voltage of the capacitor is 25V. Six capacitors are 

connected in parallel, so in the parallel connection the 

voltage will be same. If the applied voltage is greater than 
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25V then the capacitors will blast within a fraction of 

seconds. The output can be taken through USB port. So this 

unit is more compatible with existing technology. 

 
Fig 2 : Electrolytic capacitor cross-sectional view 

 Fig 2 shows the cross sectional structure of 

electrolytic capacitor. Electrolytic capacitors are polarized 

capacitors, so we should be take care about the biasing 

potentials. Six 4700 µF capacitors are connected in parallel 

and they are acting as a power bank. 

B. Capacitor Charging and Discharging 

The capacitor discharging time has a critical role in the 

energy storage mechanism. If any discharging path exists 

from the capacitor terminals, it will make a way to leak the 

charge from the capacitor. So the charge will not stand for 

long time. This should not happen. To avoid such type of 

situation, we must be very care about the discharging path 

connection. Here one diode has connected with the power 

bank at the input or charging pin. The diode will be in 

forward biased while charging the capacitor. After the 

charging the diode become reverse biased due to the reverse 

polarity at the positive terminal of the capacitor. So there 

will be any discharging path for escaping the charges. 

 
Fig 3 : Parallel connection of capacitors 

 From the fig 2, we can see the connection of diode. 

When the supply voltage is greater than 0.7V, the diode will 

start to conduct. Cathode of the diode is connected to 

positive terminal of the capacitor, so that the capacitor starts 

to charge. When the power get disconnected from the input 

terminals, the diode becomes reverse biased and blocks the 

further movement of charges from the power bank. 

 The resultant time constant of any electronic circuit 

or system will mainly depend upon the reactive components 

either capacitive or inductive connected to it and is a 

measurement of the response time with units of, Tau – τ . 

When an increasing DC voltage is applied to a discharged 

Capacitor, the capacitor draws a charging current and 

“charges up”, and when the voltage is reduced, the capacitor 

discharges in the opposite direction. Because capacitors are 

able to store electrical energy they act like small batteries 

and can store or release the energy as required. 

 The charge on the plates of the capacitor is given 

as: Q = CV. This charging (storage) and discharging 

(release) of a capacitors energy is never instant but takes a 

certain amount of time to occur with the time taken for the 

capacitor to charge or discharge to within a certain 

percentage of its maximum supply value being known as its 

Time Constant ( τ ). 

 If a resistor is connected in series with the capacitor 

forming an RC circuit, the capacitor will charge up 

gradually through the resistor until the voltage across the 

capacitor reaches that of the supply voltage. The time also 

called the transient response, required for the capacitor to 

fully charge is equivalent to about 5 time constants or 5T. 

This transient response time T, is measured in terms of τ = R 

x C, in seconds, where R is the value of the resistor in ohms 

and C is the value of the capacitor in Farads. This then 

forms the basis of an RC charging circuit were 5T can also 

be thought of as “5 x RC”. 

C. Darligton Stage 

 
Fig. 4: Darlington pair configuration 

Voltage and current, both are very playing a significant role 

in the electrical and electronics system for the proper 

operation and accurate result. Fig 4 shows the structure of 

darlington pair configuration. Still there is no change in 

these two things. Suppose this power storage unit is going to 

use for medium current application, then voltage driven 

stage is not sufficient for the specified application. The 

system must have a current driven stage. Darlington pair 

amplifier can be used as current driven stage for medium or 

small current applications. 

 SL100 or BC107 transistors can be used as 

Darlington pair transistors. A Darlington pair behaves like a 

single transistor with Base, Emitter and Collector. Then the 

compound current gain of Darlington stage is  

βdarlington = β1 x β2 

So this configuration will give much current gain than each 

transistor taken separately. 

1) LDO Stage 

LDO is an Acronym for Low Dropout Regulator. An LDO 

voltage regulator is just a DC linear voltage regulator which 

can be operated with a very small input-output voltage 

differential. This input output voltage differential is called 

dropout voltage. In simple words dropout voltage is the 

voltage dropped by the regulator circuitry alone for its 

working. For example, an LM2941 LDO voltage regulator 
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has a dropout voltage of only around 0.5V, which means 

that in order to get 5 volts at the output you need to input 

only 5.5 volts where an ordinary 7805 linear voltage 

regulator has a dropout voltage of around 2V. This means 

that, in order to get 5V at the output of 7805 you need to 

input at least 7V. 

 Meanwhile, this system has to use such type of low 

dropout devices to reduce the voltage drop and maintain the 

charge for a long time. 

IV. SYSTEM IMPLEMENTATION 

 
Fig 5: Capacitor power bank (4700uF,25V) 

 
Fig 6: Voltage regulator input and USB output 

The given figures (Fig 5 and Fig 6) show the hardware and 

working of super capacitor power bank. Six electrolytic 

capacitors are connected in parallel. The diode 1N4007 

blocks the discharging of the capacitor while the system 

detached from the charging unit. This system is able to use 

for low voltage and medium DC current applications. 

V. CONCLUSION 

Storing electrical energy is highly challenging. There are 

many issues associated with the charge storage and 

maintenance. One of the main problems is voltage drop and 

leakage current. Here the voltage drop can be avoided by 

using LDO. By the way the system can reduce the output 

voltage drop at the output. The other disadvantage of storage 

mechanism is that, it is not able to use in current 

applications. Here the system is designed for low or medium 

current applications. This facility is provided by the 

Darlington pair in the power bank. So it is very much useful 

for portable mobile phone power bank as well as emergency 

lightening system. The capacity of the system can be 

improved by adding more capacitors in parallel with this 

system. The charge storing capacity can be increased by 

adding high farad capacitors. 

REFERENCES 

[1] Hybrid Solar-Wind Energy Harvesting for Embedded 

Applications: SupercapacitorBased System 

Architectures and Design Tradeoffs Mohamadhadi 

Habibzadeh, Moeen Hassanalieragh, Akihiro Ishikawa, 

Tolga Soyata, and Gaurav Sharma  fourth quarter 2017 

1531-636X/17©2017IEEE IEEE circuits and systems 

magazine 2. 

[2] Size Optimization of Battery-Supercapacitor Hybrid 

Energy Storage System for 1MW Grid Connected PV 

Array Pranoy Kumar Singha Roy, H. Bora Karayaka, 

Yanjun Yan, and Yazan Alqudah School of Engineering 

and Technology Western Carolina University 

Cullowhee, North Carolina, 28723, USA. 

[3] Novel Supercapacitor-Based Force Sensor Insensitive to 

Parasitic Noise Ye Zhang1, Rajesh Rajamani2 , and 

Serdar Sezen31Department of Mechanical Engineering, 

University of Minnesota at Twin Cities, Minneapolis. 

Date of publication October 24, 2017; date of current 

versionNovember 14, 2017. 

[4] http://www.explainthatstuff.com/how-supercapacitors-

work.html. 

[5] Fast Transient Fully Standard-Cell-Based All Digital 

Low-Dropout Regulator with 99.97% Current 

Efficiency Muhammad Abrar Akram, Wook Hong, and 

In-Chul Hwang, Member, IEEE. 

[6] The Use of Output-Capacitorless Class-AB CMOS 

Low-Dropout Regulator for Power Management 

Herminio Martínez-García Department of Electronics 

Engineering, Barcelona College of Industrial 

Engineering (EUETIB), Technical University of 

Catalunya (UPC), BarcelonaTech Barcelona, Spain, 

herminio.martinez@upc.edu 

http://www.explainthatstuff.com/how-supercapacitors-work.html
http://www.explainthatstuff.com/how-supercapacitors-work.html

