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Abstract: An ordinary 12V lead acid battery charger not having any intelligence, charges the 

battery with random voltage/current. Sometimes charging a 12V lead acid battery, it absorbs 

high current. Which damages its long life and it is undesirable. For battery long life, we 

provided an intelligent charger that will charge the battery intelligently by measuring and 

controlling current & voltage. Actually, the charger fixes the current & voltage whenever 

needed by changing its duty cycle. A PIC16F690 with necessary program is used to provide 

intelligence of the charger. The charger uses closed-loop feedback control of battery current 

to automatically regulate the charging voltage using buck conversion. The charging state 

starts with constant current then it continues with constant voltage until decreases current 

ratting and eventually voltage also decreases to a float value till charging complete. Since it 

is a microcontroller and chip based project and having longevity of battery life, the charger 

is proven as cost effective. An LCD can show us the input variation time to time. The entire 

system has been simulated and the final design has been constructed in breadboard to 

measure performance. A PCB of the design is also done. 

Keywords: 12 V Lead acid battery, Voltage duty cycle, Buck converter, PIC 16F690 

,Microcontroller, Low cost intelligent charger, vehicles, IPS,UPS  

1. INTRODUCTION 

A battery is a device consisting of one or more electrochemical cells that converts stored 

chemical energy into electrical energy for later use. A lead acid battery cell consists of two 

lead plates a positive plate covered with a paste of lead dioxide and a negative made of 

sponge lead, with an insulating material (separator) in between. Usually Batteries are 

constructed of several single cells connected in series each cell produces approximately 2.1 

volts. A six-volt battery has three single cells, which when fully charged produce an output 
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voltage of 6.3 volts. A twelve-volt battery has six single cells in series producing a fully 

charged output voltage of 12.6 volts 

 Lead acid batteries have better storage capacity than other batteries, the voltage per cell is 

normally high [1] . Moreover, the use of Lead- Acid battery is too much high in our country 

recently [2].  For these, batteries need a proper charger to best use of it. A fast & durable 

charging system and an accurate battery State of Charge and also low cost estimation method 

are essential for having optimum utilization of a battery energy storage system .These are 

considered as key aspects of an advanced battery management system for any green 

technology application, including cost minimization. These all criteria can be into a single 

cascading system of an intelligent charger of the battery. Different types of battery chargers 

are available in the market. Unfortunately, due to the poor charging logic (such as random 

constant voltage/high current) or poor power quality, such chargers can damage the battery, 

shortening its lifespan. These low quality chargers price is high and also energy inefficient, 

i.e. they will charge the battery when it is connected to the charger, and will keep charging 

even when the battery is fully charged. This situation can damage the battery itself or present 

hazardous situation for the user, as improper charging may cause explosion of the battery. 

The proper method of charging is to extend the battery life, decrease the charging time and 

prevent it from potential damage from being overcharged or even over discharged also 

minimize charger price. The sharp voltage rising at the beginning of charging, battery begins 

to make gas towards the end of charge. If gassing is left to continue for a long period of time, 

the battery will overcharge, thereby resulting in accelerated corrosion of the battery 

electrodes, loss of electrolyte and physical damage of the electrodes. Though the basic 

principle has not changed since 1859, though in the 1970s a variant was developed. A VRLA 

battery (valve-regulated lead–acid battery) more commonly known as a ‗sealed battery‘ is a 

lead–acid rechargeable battery we used in this case. Because of their construction, VRLA 

batteries do not require regular addition of water to the cells, and vent less gas than flooded 

lead-acid batteries.[3] 

 In this work a low cost intelligent battery charger for commonly available 12V lead acid 

battery has been designed. The specialty of the charger is having a monitoring LCD.Which 

will show us measurements of charging voltage and current. The main objective of the 

research is to develop a battery friendly charger under low cost estimation than as usual 

market price. 
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2. MATERIAL AND METHOD 

2.1 Hardware Configuration 

It includes main hardware components of the project. Some brief description and pictorial 

representation is in this part. 

2.1.1 PIC 16f690 Microcontroller 

The name of  PIC initially referred to ―Programmable Interface Controller‖ but Shortly 

thereafter was renamed ―Programmable Intelligent Computer‖. PICs are popular with 

developers and hobbyists alike due to their low cost, wide availability, large user base, 

extensive collection of application notes, availability of low cost or free development tools, 

and serial programming capability. Here used a microcontroller burner to burn desired 

program into the microcontroller.[4] 

 

Fig:1 PIC 16f690 Microcontroller 

 

2.1.2 MOSFET as Switching Device
 
 

A MOSFET may be thought of as a variable resistor whose Drain-Source resistance 

(typically Rds) is a function of the voltage difference on the Gate-Source pins. If there is no 

potential difference between the Gate-Source, then the Drain-Source resistance is very high 

and may be thought of as an open switch — so no current may flow through the Drain-Source 

pins. When there is a large Gate-Source potential difference, the Drain-Source resistance is 

very low and may be thought of as a closed switch — current may flow through the Drain-

Source pins. 
[5]
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2.1.3 MOSFET/IGBT driver (IR-2110) 

The IR-2110 are high voltage, high speed power MOSFET and IGBT drivers with 

independent high and low side, used to drive high voltage with high frequency but low 

voltage which feed from Microcontroller. Logic inputs are compatible with standard CMOS 

or LSTTL output, down to 3.3V log [6] 

 

 

 

 

 

 

                                         Fig:3 IC & PIN Configuration of IR2110   

 

 

 

 

 

 

 

 

                  Fig.4  A typical Connection of IR2110 with MOSFET
 

2.1.4  IC  LM-358 

Fig:2  MOSFET(IRF540N) Pin Diagram
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 The LM358 consists of two independent, high gain, internally frequency compensated 

operational amplifiers which were designed specifically to operate from a single power 

supply over a wide range of voltages. 

  

 

 

 

 

                                       

Fig.5 IC LM-358 Pin Diagram 

2.1.5 Power Supply Unit 

Main components used in the unit are Transformer, Full wave rectifier,LM78XX series 

voltage regulators etc. 

There are two different DC voltages rating for the circuit. Each is used in different part in the 

circuit. Voltage rating in the circuit is 15 Vdc and 5Vdc. Voltage 15Vdc is used to turn on the 

MOSFET gate & IR-2110, 5 Vdc is used in Vcc and as enable for IC‘s. For 15V and 5V, 

power supply which supplied 24V is used and two voltage regulators is used to get the 

voltage ratting needed. Circuit connection of the voltage regulator can be referred in figure. 

The connection of 15V will be supplied directly to the MOSFET drain voltage. 

 

 

 

 

 

                                                

                         

                                        Fig.6 Power Supply Connection 

 

2.1.6 Buck Converter 
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The basic principle of buck converter is step-down converter. It switches the MOSFET/ 

Switching element based on controller logic. This project is based on buck converter. It uses 

the circuit & logic of buck converter.  

 

 

 

 

                                                      

 

 

                                              Fig. 7 Buck Converter  

2.1.7 LCD 

LCD means Liquid Crystal Display. LCD screen is an electronic display module that covers a 

wide range of applications. A 16x2 LCD display is very basic module and is very commonly 

used in various devices and circuits. These modules are preferred over seven segments and 

other multi segment LEDs. The reasons being: LCDs are economical; easily programmable 

etc. A 16x2 LCD means it can display 16 characters per line and there are 2 such lines. In this 

LCD each character is displayed in 5x7 pixel matrix. This LCD has two registers, namely, 

Command and Data. 

. 

 

 

 

               

                                               Fig. 8 Liquid Crystal Display (LCD) 

2.2 SOFTWARE CONFIGURATION 

It describes about software used in the project. 

2.2.1 MPLAB IDE 
[7] 

http://www.engineersgarage.com/content/seven-segment-display
http://www.engineersgarage.com/content/led
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Here software is used for coding & debugging and then burnt it to Microcontroller for LCD 

interfacing, PWM Signal & ADC read.MPLAB IDE is a Windows Operating System (OS) 

software program that runs on a PC to develop applications for Microchip microcontrollers 

and digital signal controllers. It is called an Integrated Development Environment, or IDE, 

because it provides a single integrated "environment" to develop code for embedded 

microcontrollers. 

 

 

 

 

 

 

 

 

Fig. 9 Microchip ―MPLAB IDE‖ software opening window 

2.2.2 Proteus Software  

We used this software to develop project/ circuit diagram before implementing in hardware. 

This is too much versatile element which is substitute of a rich hardware Lab. Proteus Virtual 

System Modeling (VSM) combines mixed mode SPICE circuit simulation, animated 

components and microprocessor models to facilitate co-simulation of complete 

microcontroller based designs. For the first time ever, it is possible to develop and test such 

designs before a physical prototype is constructed. 

2.2.3 ARES PCB Layout Software 

High performance net list based PCB design package perfectly complements the powerful 

ISIS schematic capture software and features both automatic component placement and a 

truly world class shape based auto-router. ISIS and ARES together form a complete Proteus 

PCB Design package 

2.2.4 Familiarizing With Programming 

Programming or coding is the word familiar with the computer programming. Computer 

programming is the process of writing, testing, debugging/troubleshooting, and maintaining 

http://www.labcenter.com/products/schematic.cfm
http://www.labcenter.com/products/router.cfm
http://www.labcenter.com/products/pcblayout.cfm
http://www.labcenter.com/products/pcblayout.cfm
http://www.labcenter.com/products/pcblayout.cfm
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the source code of computer programs. The computer program is written in programming 

language which has many types in the world right now. 

Examples of programming language are Machine Code, Assembly, BASIC, C, JAVA, 

FOTRON, PHYTON and PERL. There are many more programming languages which are in 

the internet. The programmer need to choose based on their expertise and experience. 

Machine Code is based on binary number which is either ‗1‘ or ‗0‘. This programming 

language is category in low level language which is the most possible programming language 

that can be program. This programming faster execution and can control every component in 

a system. The programmer needs to memorize every group of number to do an instruction. 

Differ Machine Code for each processor and normally is upward compatible. Machine Code 

only language that the computer can understand. Here used C/C++Programming Language. 

3. OPERATION AND CIRCUIT DIAGRAM 

The project is developed step by step then finally built up the final project. Also, I 

implemented the components successfully of the project. But going to implement the 

components step by step I failed to implement some components then we implemented 

substitutes of those components. For example, I tried to implement Opt coupler (such as 

4N35, B1017) as isolator between Microcontroller & MOSFET but failed to get high 

switching frequency opt coupler. Then I used IR2110 as isolator between Microcontroller & 

MOSFET. Another example is, I tried to use ―Hall-Effect sensor‖ for sensing current but due 

to don‘t getting any strong data we failed to use that. Then LM358 is used as the current 

sensor. Steps of the operation are as follows: 

Step-1: Firstly, project is implemented in proteus software which is Excellent Visual Lab. I 

built up the code for PWM Signal from Microcontroller, for ADC, for LCD interfacing. Then 

observed the desired output.    

Step-2: After implementing in software lab, I started to implement Hardware Lab. 

Step-3: In hardware I implemented firstly PIC 16F690 for PWM signal. 

Step-4: Then interfaced the LCD with microcontroller to show current & voltage value of the 

experiment. 

Step-5: This PWM signal is feed to IR2110 to generate high amplitude PWM signal. 

Step-6: Then high amplitude PWM signal is used to drive the MOSFET for switching. 

Step-7: After switching the MOSFET output is feed to filter, then the output is used as 

feedback to Microcontroller pin. Also, the output was feed to Battery. 

Step-8: LM358 is used as ―difference amplifier‖ to convert current to voltage. 
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3.1 Block Diagram of The Project 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Flow Chart Diagram of the Project 
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3.3 Printed Circuit Board (PCB) Design of The Project 

 

 

 

 

 

 

 

 

 

 

3.4 Circuit Diagram (In Proteus) of the Project 
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3.5 Full Set up Circuit of the Project 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.6 Output Wave Form of Duty Cycle 

 

 

 

 

 

 

 

3.7 Monitoring Display of Charging Voltage And Current 
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4. DATA ANALYSIS 

The Charging voltage at which the cell will start to generate and expel gas known as Gassing 

Voltage. 

 

4.1 Different Voltage Level Table 
 

Battery 

Temperature  

Charge Voltage 

per cell(V) 

Charge Voltage 

for a 12 Volt  

Battery (V) 

Gassing 

Voltage per cell 

(V) 

Gassing Voltage for a 

12V battery (V) 

20 °C 2.43 to 2.53 14.58 to 15.18 2.415 14.49 

25 °C 2.40 to 2.50  14.40 to 15.00 2.39 14.34 

30 °C 2.37 to 2.47 14.22 to 14.82 2.365 14.19 

 

4.2 Modified Constant-Voltage Charging Method 
 

In the modified constant-voltage charging method, both a constant initial current and a 

constant finishing charge rate (float charging) are used. Battery charging 

starts with a constant current until a certain voltage is reached (usually the gassing voltage). 

Battery charging continues with a constant-voltage just equal to or slightly below the gassing 

voltage until the current decreases to a value of about 0.1A. At this point, the constant-

voltage is reduced to the float value to complete and maintain the battery charge. The higher 

the initial constant-current and constant-voltage, the shorter the charge time. Figure 2.5 

shows the charging characteristic curves obtained with the modified constant-voltage 

charging method. This charging method is also known as the fast charging method. Also, it is 

the standard of charging method of Lead Acid battery which we chose for the project.  
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4.3 Experimental Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. RESULT AND DISCUSSION 

Eventually, I became able to implement the project in hardware successfully. Where a 12 V 

lead acid battery takes a steady charging time of  6 to 7 hours.And,the display always shows 

the charging voltage and current properly.  Also, we got the output result according to 

expectation. The charger works throughout the time according to its intelligence. 

Finally,When battery become fully charged display gives the signal .During the  

implementation , the result  I faced some problems such as; we tried to use ―Hall-Effect 

sensor‖ for sensing current but due to not getting any desired output  I failed to use that 

sensor. Then I used LM358 as the current sensor. Thus I became able to avoid the problems 

successfully & got the desired result. 
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6. CONCLUSION 

 This paper has developed a well-optimized stable Lead acid battery charger for a 12 V 

system successfully. The proposed method can fast charge the battery using an appropriate 

charger intelligence without significant temperature rising. And the price of the charger i.e 

the manufacturing cost of the system is surely less than local market price.So we can assure 

that the designed charger not only having intelligence but also its price would be low. If one 

wishes, can further develop it using PID controller, but this work is obviously unique than 

others. 
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