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	 In this paper, a charger with the functions of voltage reflex and equalization is proposed. The 
proposed charger for series-connected lithium iron phosphate (LFP) batteries has the following 
advantages: (1) a voltage reflex circuit is used to obtain a fast charging response and high 
charging efficiency, and (2) a voltage equalization circuit is used to obtain a voltage balance and 
extend the lifecycle. Additionally, to achieve the protective functions for charging voltage and 
current, the proposed charger incorporates a real-time monitoring circuit with LED indictors. 
Finally, to verify its feasibility, we built a prototype of the voltage reflex and equalization 
charger. The experimental results are presented to demonstrate the performance of the voltage 
reflex and equalization charger. 

1.	 Introduction

	 Technological progress and rapid development promote the convenience and raise the comfort 
of human beings, which has made people highly dependent on electronic products. Energy 
acquisition will be an important issue in the future.(1,2) Batteries are one of the power sources for 
electronic products. Rechargeable batteries include lead-acid batteries, nickel–cadmium 
batteries, nickel–metal hydride batteries, and lithium iron phosphate (LFP) batteries. Among 
them, LFP batteries have the advantages of best lifecycle, high energy density, and no 
pollution.(3–5) Currently, many companies have actively invested in the research, development, 
and manufacture of LFP batteries. The voltage of a single LFP battery equals that of three 
nickel–cadmium batteries connected in series. Therefore, the probability of damage can be 
reduced when charging series-connected LFP batteries.(6–8) 
	 The traditional charging methods of LFP batteries are series charging and parallel charging. 
In many practical applications, the LFP batteries connected in series can provide higher voltages. 
The differences between charging and discharging rates result in voltage imbalances in series-
connected LFP batteries.(9–12) Therefore, the charging techniques of the series-connected LFP 
batteries are a timely research topic.(13–15) To overcome voltage imbalances in series-connected 

mailto:cttsai@ncut.edu.tw
https://doi.org/10.18494/SAM5754
https://myukk.org/


2558	 Sensors and Materials, Vol. 38, No. 5 (2026)

LFP batteries, a charger incorporated with a voltage reflex and a voltage equalization circuit is 
proposed, as shown in Fig. 1. The proposed charger for the applications of the series-connected 
LFP batteries has the advantages of achieving a fast charging response, a high charging 
efficiency as well as voltage balance, and an extended lifecycle. The operational principles of the 
voltage reflex and equalization charger are described in Sect. 2. The control processes of the 
voltage reflex and equalization charger are described in Sect. 3. The experimental results to 
verify the feasibility of the voltage reflex and equalization charger are shown in Sect. 4. Finally, 
conclusions are given in Sect. 5.

2.	 Operational Principles of Voltage Reflex and Equalization Charger 

	 The operational principles of the voltage reflex and equalization charger can be divided into 
four modes under a charging cycle, as shown in Fig. 2. For the convenience of illustration and 
analysis, the voltage reflex and equalization charger is divided into a voltage reflex circuit and a 
voltage equalization circuit, as shown in Fig 1.

2.1	 Operational principles of voltage reflex circuit

	 The operational principles of the voltage reflex circuit are divided into three modes. Figure 3 
shows the equivalent circuits of the three modes. 

Fig. 1.	 (Color online) Voltage reflex and equalization charger.
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Mode 1: voltage charging mode
	 The switch Ma is turned on and Mb is turned off at the voltage charging mode of the series-
connected LFP batteries. The diodes D1 and D2 are turned on and D4 is turned off. The voltages 
of the capacitors C1 and C2 will be discharged. When the voltages of C1 and C2 drop to zero, D1 
and D2 are turned off and D4 is turned on. During this interval, the series-connected LFP 
batteries are charged. The equivalent circuit of the operational mode 1 is shown in Figs. 3(a) and 
3(b).

Mode 2: voltage reflex mode
	 The switch Ma is turned off and Mb is turned on at the voltage charging mode of the 
seriesconnected LFP batteries. The diode D2 is turned on and D4 is turned off. During this 
interval, the voltages of the series-connected LFP batteries flowing through the reflex loop are 
charged. The equivalent circuit of operational mode 2 is shown in Fig. 3(c).

Mode 3: rest mode
	 After voltage charging and reflex modes have been completed in the series-connected LFP 
batteries, they are operated in the rest mode. The equivalent circuit of operational mode 3 is 
shown in Fig. 3(d). The series-connected LFP batteries are completed in a voltage charging and 
reflex period.

2.2	 Operational principles of voltage equalization circuit

	 The operational principles of the voltage equalization circuit are divided into six modes. 
Figure 4 shows the equivalent circuits of the six modes. 

Fig. 2.	 (Color online) Operational modes of voltage reflex and equalization in one charging cycle.
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Mode 1: discharging mode of LFP battery B1 
	 While the switch Mc is turned on and Md is turned off, the LFP battery B1 is discharging. The 
discharging loop flows through the path B1→Mc→L2. The equivalent circuit of mode 1 is shown 
in Fig. 4(a). 

(a) (b)

(c)
(d)

Fig. 3.	 (Color online) Equivalent circuits of the three modes. 
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(a) (b)

(c) (d)

(e) (f)

Fig. 4.	 (Color online) Equivalent circuits of the six modes. 
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Mode 2: charging mode of LFP battery B2 
	 While the switches Mc and Md are turned off, the LFP battery B1 stops discharging and B2 
begins charging. The charging loop flows through the path L2→B2→Dd. While Md is turned on, 
the charging loop flows through the path L2→B2 →Md. The equivalent circuit of mode 2 is 
shown in Figs. 4(b) and 4(c).

Mode 3: discharging mode of LFP battery B2 
	 When the energy of the inductor L2 drops to zero, the LFP battery B2 starts discharging. The 
discharging loop flows through the path B2→L2→Md. The equivalent circuit of mode 3 is shown 
in Fig. 4(d).

Mode 4: charging mode of LFP battery B1 
	 While switches Mc and Md are turned off, the LFP battery B1 is charging and B2 stops 
discharging. The charging loop flows through the path L2→Dc→B1. While Mc is turned on, the 
charging loop flows through the path L2→Mc→B1. The equivalent circuit of mode 4 is shown in 
Figs. 4(e) and 4(f). The voltage equalization of the series-connected LFP batteries is completed 
in the procedure of charging and discharging.

3.	 Control Mechanism of Voltage Reflex and Equalization Charger 

	 The voltage reflex and equalization charger uses a TMS320F240 microcontroller to 
implement the optimal control mechanism of the series-connected LFP batteries. The control 
flowchart and conceptual diagram are shown in Figs. 5 and 6. The voltage and current signals of 
the LFP batteries are sensed and sent to the TMS320F240 microcontroller. By comparing these 

Fig. 5.	 (Color online) Control flowchart of voltage reflex and equalization charger.
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signals, the TMS320F240 microcontroller will generate suitable driving signals of switches Ma, 
Mb, Mc, and Md. Therefore, the optimal control mechanism can be achieved by the voltage reflex 
and equalization of the series-connected LFP batteries. 

4.	 Experimental Results 

	 To verify the performance of the proposed charger, a prototype voltage reflex and 
equalization charger is built. Its specifications are listed as follows.
•	 input voltage of voltage reflex and equalization charger: Vin = 52 VDC, 
•	 full charging voltage of series-connected LFP batteries: Vbat = 50 VDC, 
	 Figure 7 shows driving signals of switches Ma, Mb, Mc, and Md. The charging voltage and 
current signals are delivered via the feedback circuits to the TMS320F240 microcontroller to 
obtain all driving signals of the switches. Figure 8 shows the charging voltage and current 
waveforms of the series-connected LFP batteries. From the measurement results in Fig. 8, it can 

Fig. 6.	 (Color online) Conceptual diagram of voltage reflex and equalization charger.
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be seen that the series-connected LFP batteries can be charged quickly in a short time via the 
voltage reflex and equalization charger. Figure 9 shows a test voltage reflex and equalization 
charger used to verify its feasibility.

Fig. 8.	 (Color online) Measured charging voltage and current waveforms of series-connected LFP batteries.

Fig. 7.	 (Color online) Measured driving signals of switches: (a) Ma and Mb, (b) Mc and Md. 

(a)

(b)
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5.	 Conclusions

	 A voltage reflex and equalization charger was built and implemented. It consists of a voltage 
reflex circuit, a voltage equalization circuit, and a TMS320F240 microcontroller to implement 
the fast charging of series-connected LFP batteries. Experimental results have verified that the 
voltage reflex and equalization charger is suitable for application to series-connected LFP 
batteries.
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