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1.Introduction 
The paper focuses on automation of the control 

process of lithium ion battery characteristic 

determination cycle and developing an automated 

charger based on feedback from the battery. There is 

an ever growing demand for Li-Ion batteries in 

consumer market as Li-Ion batteries can store more 

energy than that of Ni-Cd batteries with the same size 

and weight. Due to their small size, light weight and 

the rechargeable characteristics, Li-Ion battery is well 

suited to portable electronic applications. Also, 

unlike many other types of rechargeable batteries, 

Lithium-Ion batteries do not need priming. The first 

charge of a Li-Ion battery is no different than the 

10th or the 100th charge. Lithium-ion batteries may 

be – and should be charged often. The battery lasts 

longer with partial rather than full discharges. Full 

discharges should be avoided because of wear. The 

battery loses capacity due to aging, whether used or 

not.  The paper starts with a theoretical review of the 

ideal charging profile of li-ion battery in section 2, 

followed by section 3, which proposes a model for 

automated circuit that will be used to make an 

efficient, fast charger based on voltage feedback from 

the battery terminals. 
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Section 4 highlights the developed 

MATLAB/Simulink model and the results obtained 

by iterative simulations of the model with different 

combinations of constant current and constant 

voltage values, and comparing the results obtained to 

determine the most appropriate values for charging. 

 

2.Ideal lithium ion battery charging 

profile 
The li-ion battery, unlike any other types of battery 

requires a specific kind of charging input for efficient 

charging. There are three phases of charging a li-ion 

battery, viz. constant current phase, followed by the 

constant voltage phase, and then the additional 

topping charge phase. The CV charging method is 

easy to control and safe, but it requires a longer time 

to charge. The CC charging method mainly charges a 

battery by a constant current. The advantage is the 

decrement of charging time when a larger charging 

current is used. Yet, by continuously charging the 

battery with a larger current without realizing the 

maximum charge limit, it may result in overcharging 

and cause the unexpected damage to the battery. 

Choosing a lower voltage threshold, or eliminating 

the saturation charge altogether, prolongs battery life 

but this reduces the runtime. The theoretical study of 

the three phases is specified as below: 
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Constant current phase: A constant current, 

typically closer to 1C is applied to make the battery 

reach a level of 70-80 % charge by varying the 

voltage that is applied [1]. 

 

Constant voltage phase: After reaching 70-80% of 

the capacity, the battery is charged at a constant 

voltage, determined by the battery characteristics. 

The battery reaches a charged capacity of about 90-

100% after this stage, after which the charger is 

disconnected. 

 

Additional topping charge phase: In this phase, 

after turning off the charger, when the terminal 

potential starts to fall, the additional current is 

provided [2]. 

 

Figure 1 represents the three phases graphically. 

 
Figure 1 Charging profile of a Li-Ion battery 

(Courtesy of www.batteryuniversity.com) 

 

3.Manual procedure 
3.1Manually determined charging cycle profile of 

Li-ion battery 

Experimental setup consisting of buck converter, DC 

source, microcontroller and battery was assembled to 

determine the charging profile of a 

4.2V/3.7V(1650mAh) Li-Ion battery manually[3, 4], 

by taking the rested terminal voltage of the battery at 

regular intervals during its charging. The charging 

profile is used as a reference to find out the Constant 

Current and Constant Voltage phases of the battery 

which will be used in the proposed model. The 

characteristics of buck converter used, were 

determined by the procedure given in section 3.2, to 

be used as reference in the fast charging model circuit 

[5]. 

 

A sample code for microcontroller open source 

platform was developed, in which a Pulse Width 

Modulated (PWM) output was generated by 

microcontroller with appropriate duty cycle 

depending on the battery‟s terminal potential and 

circuit current and the PWM output of the 

microcontroller was applied to the buck converter 

gate input. The following assumptions were made in 

the micro-controller code while testing the battery for 

charging. 

 Battery dead or degraded if the cell voltage is 

below 3.3V. 

 Constant current phase when the battery voltage 

is between 3.3 and 4.02 V wherein the output 

voltage from the buck converter is 7-9V varying 

linearly. The charging current is decided by the 

terminal voltage of the batteries subtracted from 

the charging   voltage, and then divided by the 

internal resistance of the batteries. 

 Constant voltage phase when the battery voltage 

is between 4.02 and 4.2 V wherein the output is a 

constant 5 V. 

 Battery fully charged if the battery terminal 

voltage is 4.2V or above. The output is then cut 

off. 

 A resistive load rated at 2Ω/5W was used in the 

initial setup in series with the battery to monitor 

the current in the circuit for protecting the 

battery from excessive current in the circuit [6]. 

 

3.2Proteus model for the experimental setup 

The charging circuitry uses an AC source which is 

stepped down by a step down transformer to an 

output voltage of 18V. The stepped down output is 

rectified using a full wave rectifier. This output is 

controlled by switching MOSFETs driven by the 

microcontroller to obtain the desired voltage for 

charging. The circuit uses an AVR based CISC 

micro-controller for controlling various parameters of 

the circuit, however, any other microcontroller may 

be used for serving the same purpose. A digital 

potentiometer is used to act as a variable resistance 

controlled by the micro-controller which is used for 

current control of the circuit. The circuit is 

disconnected at regular intervals of 1 minute by using 

MOSFETs as control switch and feedback is taken 

from the battery terminals to control the charging 

process. The MOSFETs switch alternatively as 

opposite signals are applied on the gate with the help 

of a NOT gate. The Proteus model in Figure 2 shows 

the various components used in the circuit [7]. 
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The proposed model was tested by controlling the 

charging of the Li-Ion battery by microcontroller and 

charging the battery by controlling the DC voltage 

output of a Buck Converter. The current in the circuit 

was controlled by varying the digital potentiometer‟s 

resistance and thus gaining the current control of the 

circuitry [8].  

The terminal potential across the battery and the 

charging current was observed at regular intervals. 

Figure 3 shows the rested terminal voltage across the 

battery with respect to time and Figure 8 shows the 

charging current. 

 

 

 
Figure 2 Proteus model 

 

3.3Results obtained 

To make sure that the circuit proposed is realizable 

and will lead to appreciable results, a single physical 

implementation was carried out in the lab. The 

manual implementation of this circuitry for fast 

charging decreased the charging time from 133 

minutes, determined previously, to about 73 minutes, 

for 0 to 95% charging. The following graphs shows 

the battery voltage plotted against time (Figure 3) 

and charging current plotted against time (Figure 4). 

 
 

Figure 3 Battery terminal potential vs. time for 

proposed charger 
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Figure 4 Current vs. time curve for proposed charger 

 

4.MATLAB/ Simulink simulation for 

charger 
A MATLAB/Simulink model was developed to 

simulate the proposed circuitry with varying current 

and voltage values, thus enabling analysis and further 

design improvements for the same. A pre-installed 

model of battery provided in MATLAB rated at 

3.6V/2050mAh Li-Ion battery was used for the same. 

Due to the limitations of circuit elements availability 

and inter connectivity of elements of different 

libraries in MATLAB, and the simulation time 

required for operations involving too many 

calculations, two different circuits were implemented. 

The first circuits generated accurate charging voltage 

based on requirement of constant current or constant 

voltage, by taking feedback from the battery itself. 

This circuit was slower for simulation purposes, 

hence generating a need to use faster, less 

computational circuit to plot the entire charging and 

discharging patterns [9, 10]. 

 

Figure 5 and Figure 6 display the circuits developed 

in MATLAB. 

 

 

 
Figure 5 Feedback controlled charging circuitry for charging Li-Ion battery model in simulink 

 

 
Figure 6 Fast simulation circuitry involving feedback from battery and controlled charging model in simulink 
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4.1Simulation results 

After running the simulation for 7000 seconds, and 

iteratively varying the values of the constant current 

and the constant voltage that is used for charging. 

The preliminary results obtained are plotted in Figure 

8. The simulation results show significant 

improvement against the normal battery charger, 

whose charging profiles are plotted in Figure 7, 

reducing the charging time by almost 25-30%. 

 

 

 
Figure 7 Charging profile of normal battery charger (Battery SOC) 

 

 
Figure 8 Charging profiles obtained on implementation of fast charging circuitry taking constant feedback from the 

battery 
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Figure 9 Charging characteristics with varying C-rate 

 

5.Results and further scope of 

improvement 
As a result of the experiments and the simulations 

conducted, the direct inference result is that varying 

the constant current mode C-rate for charging has 

direct effect on both charging time and battery 

degradation. The charging characteristics with 

varying C-rates are displayed in Figure 9 above.  Fast 

charging can reduce charging time by up to only 15 

minutes for 20 to 90% but the degradation is large. 

The charger can be optimized to fast charge, but only 

to a limited extent, limited by the battery degradation. 

An effective negotiation is charging at 1.1 C to 1.5 C 

during constant current mode, yielding a charging 

time of about 25-35 minutes for 20 to 90% charging 

with much less degradation. 

 

However, there is still quite a lot of scope of 

improvement ranging from improvement in charging 

time by charging at different constant current for 

different SOC of the battery. This includes charging 

at higher C-rates for lower values of SOC and 

gradually decreasing the C-rate as SOC increases. 

 

Moreover, a well-developed mathematical battery 

degradation model can be taken into consideration for 

improvement of the accuracy of the results. Circuit 

non-idealities also contribute to the inaccuracies in 

theoretical analysis of the procedure. 
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