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1. INTRODUCTION

Energy storage is a crucial process in the field of energy that involves conserving electricity
generated during periods of surplus and releasing it when demand is high or when energy production is
limited. Various energy storage technologies are used for this purpose, including batteries. To store energy
from renewable sources, a variety of batteries are employed. The choice of battery depends on several
factors, such as technology, storage capacity, lifespan, cost, and conditions of use. The long life, low self-
discharge rate, and high energy density of Lithium-lon batteries contribute to their increasing
popularity [1]-[5]. They are used in many applications, including small- and large-scale renewable energy
storage.

To date, several Lithium-lon battery charger architectures have been developed using CMOS
technology, among which is a charger based on a linear LDO regulator [6], [7]. The operating principle of
this architecture uses a power transistor as a variable current source with two reference currents (Irefl and
Iref2) copied by a mirror to control the gate of the power transistor with a level shift. This setup generates a
constant current (CC) that can vary between a holding current and a maximum current, allowing control of
the three charging methods: trickle charge (TC), CC, and constant voltage (CV). However, due to the voltage
discrepancy between the battery and the supply, this design suffers from a low energy efficiency rate, which
fluctuates and increases the power dissipation of the active devices.
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Another architecture is based on a buck and boost (DC-DC converter) [7]-[11]. This architecture is
not well-suited for single-chip integration, as it has low accuracy despite its efficiency, large surface area
requirements, and challenges with temperature control. In this article, we propose a multi-source charger that
detects, sums, and manages two energy sources (photovoltaic and wind). The architecture of this invention is
based on a non-inverting summing circuit that combines the two sources. This architecture includes two main
blocks: the first is a power supply circuit based on a summing circuit. The purpose of this circuit is to obtain
energy at all times, whether from the presence of wind or sun, the absence of one energy source (photovoltaic
or wind), or when both are available but in limited amounts. This circuit sums the energy from the two
sources to generate sufficient power to charge the Lithium-lon battery. The second block is a circuit for
charging the Lithium-lon battery.

It relies on a variable current source, a charge controller that manages the three charge modes
(TC, CC, and CV), and power supply management that maintains a small and steady differential between the
power supply and battery voltage. The advantage of this charger is its high accuracy, increased energy
efficiency, low power dissipation, and high integration. The proposed architecture optimizes energy transfer
and improves system efficiency while ensuring better safety against battery overheating. This article is
composed of five sections, the first one is the introduction, the overview of Lithium-lon batteries in section 2,
in the section 3 the proposed Lithium-lon battery charger architecture and operating principal in section 4,
the simulation result and discussions and the conclusion in the last section.

2. OVERVIEW OF LI-ION BATTERIERS
2.1. Modelling for a Lithium-lon battery

This model improves upon the simple version by incorporating an RC dipole, as shown in
Figure 1 [12]. It consists of an ideal voltage source Voc, an internal resistor Rts, a capacitor representing the
polarization of the battery’s metal plates, and a surge resistor R due to the contact between the plates and the
electrolyte. Although the elements of the circuit are often assumed to be constant, their values change in this
model depending on temperature, discharge rate, and charge level. This model is known as the first-order
Thévenin model [13], [14].
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Figure 1. An equivalent Lithium-lon battery circuit model
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Uts: RC network voltage, also known as the battery polarization voltage.
R: Internal resistance of the battery.

2.2. The Lithium-lon battery charging technique

The fundamental charging modes of a standard [15]-[19] Lithium-lon battery are illustrated in
Figure 2 shown following. The Igat battery current keeps going low when the Vgar (battery voltage) falls
below the V0w voltage. This is done by using the TC charge mode, which guards against overheating and
battery damage. Mode of charging with CC. In order to reduce the amount of time needed for charging when a
battery’s voltage falls between low and high (Vi and Vigh), @ high, continuous current is provided to it [20].
When the VBAT battery voltage rises to the Vigh high voltage standard value, which occurs in the CV charging
mode, the IBAT battery current decreases to cut-off, ending the charging operation [21].
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Figure 2. The method of charging Lithium-lon batteries

3. PROPOSED LITHIUM-ION BATTERY CHARGER ARCHITECTURE AND OPERATING
PRINCIPLE

The Figure 3 shows the proposed charging architecture and contains a power supply circuit that
consists of a non-inverting analogue summing circuit for summing two renewable energy sources
(photovoltaic and wind), which gives us a very accurate voltage, the charge mode controller that uses the
reference current generator (RCG) to supply currents (Irc, l.c, and lcy), There is a voltage block in the RCG.

The reference current for the CV charge mode is produced by the voltage block, and the reference
currents for the CC charge mode and the end-of-charge current are produced by the current block. For every
charge mode, a control voltage (Vc) is supplied by the charge current controller (CCC) from the current
source to the current sensor circuit.
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Figure 3. Proposed Lithium-lon battery charger architecture

3.1. Power supply multi-input single-output circuit (the non-inverting summing)

The supply voltage is based on a non-inverting summing circuit. The main role of the summing
circuit is to add the voltages Vv and Vwing to obtain a voltage capable of charging the battery. This non-
inverting summing unit consists of two operational amplifiers (OP) and resistors. Which depicted in Figure 4.
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AOP is assumed to be ideal, in linear operation (V+=V-). Since the current I- is zero and the resistors are all
equal to R1=R2=R3=R4=R5, we can write:

Vt=V"=0 3)
Ipv + Iwind =1 (4)
Vov | Vwinda _ _ Vs

® TR R 5)

when R1 = R2 = R3 = R4 = R5 = Rthen:
Vi = _(V;)v+ Vivina) (6)
The output voltage Vs is therefore equal to the opposite of the sum of the different input voltages.
As with differential amplifier 1, | don’t see any immediate point in choosing different resistors to achieve this

function. To invert the sign of Vs, an inverting amplifier with unity gain can be placed downstream, as shown
in the Figure 4.

Rs R5

VDD

Figure 4. The non-inverting summing circuit

This is how the output voltage is expressed:

Vour _ R _
V- TRT 1 (7)
V= (va'l' Vivina) (8)

3.2. The design and operating principle of the charge mode controller circuit

The logic circuit that powers the charging mode controller is made up of an inverter, NAND, OR,
two analog comparators, and additional logic ports. The three V¢, Vic, and Vv signals to control are
produced by first comparing the battery voltage with the predefined reference voltage Viow, Vhigh USing a
comparator. These signals primary function is to supply current through the RCG I, l.c, and lcy, as seen in
Figure 5. In every charging condition, the load current is provided by the control signal V.
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Figure 5. Charging mode controller
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3.3. Circuit design and operating principal reference current generator
Figure 6 illustrates a RCG. It consists of a voltage unit and a current module. The OP amplifier acts
as a voltage follower, the constant reference current I is produced by transistor M7 and resistor Rger.

Iref = vref 9)

RREF

The current mirror systems M1, My, M3 and finally IREF are proportional to the (10) to (12):

w2

ITC = Wl/ L ref (10)
N

ILC = s Iref (11)
My

Icv = m1 12

Wi, ref 12)
1

Table 1 is function of the charge mode controller. In order to accomplish this, the voltage block’s
reference current for the CV load mode is created. The structure is made up of a comparator and the already-
existing mirrors (Ms and Ms). The following is the load current that the Icv generates: when the battery
voltage hits the 4.2V value, the comparator generates an lcv current that changes from I ¢ to lof High to Low
level, as seen in Figure 6. As was previously noted, three transistors (M1, Mg, and Ms) that are controlled by
Ve, Vi, and Vey in each charge mode provide a corresponding current for each charge mode.

M2 |H M3 |H M4 [H : M6 [

lorr C35>—

1 .

M9 |F4 M10|

T

M8

Iref

VDD

vre

Ire-Le-cvC——

vie CO—m
vev >

VDD

VBAT VL

VBAT

Figure 6. Reference current generator circuit

Table 1. Function of the charge mode controller
Condition VTC VLC Vc\/ VEnD Vc
Constant trickle current  High Low Low Low High
Constant large current Low High Low Low High
Constant voltage Low Low High Low High
End of charging process Low Low High High Low
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3.4. The charging current controller circuit’s design and operating principle

Figure 7 shows for every load mode, a control voltage VD from the current source is provided by
the load current controller. The currents Irc, Ic, and lcv from the RCG are compared with the current (IS)
detected by the current sensor at the current comparator (transistors M>—Mgs). The (VD) output voltage is a
function of these current inputs and is regarded as the selector high voltage level when the V¢ is low and
level as the lowest voltage level of the signal selector circuit, which consists of two transistors (Mi—My).
At each load mode (low CC, high CC, and CV, current), the control voltage (VD) is finally established.
The detected current (IS) and the reference current (ICut-off) are directly compared to initiate the end-of-
charge mode operating independently.

The output voltage (VEND) of the current comparator (M4 (RCG circuit), Mg) is at the lowest level
when the detected current (IS) is larger than (ICut-off), allowing the regulated V¢ to remain at the high level.
In contrast, if the detected current (IS) is less than the input current (ICut-off), the gate drive signal (VD) is
high, the current source is deactivated, along with the charge procedure is finished.
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Figure 7. Charging current controller circuit

3.5. The circuit design and operating principle for the current source and current sensor

In the circuit illustrated in Figure 8, a MP power transistor is using as a variable current source to
create a load current that corresponds to the Itc in TC mode, I.c during LC mode, a current lcv degrading
from the value of I.c to the value of Icut-of f during CV mode and 0 A when the charging process is
stopped. In addition, this PMOS MS transistor is used as a load current sensor. The following formulae can
be used to characterize the currents of MP and Ms.

w 1
Is = upCoy [ S/LS (Ves — Vrp)Vsps — EVSDSZ] (13)

w, 1
Ich = ppCoy [ p/Lp (Ves — Vrp)Vspp — ;VSDPZ] (14)

The purpose of the OP is to maintain a constant drain voltage of Vd=Vb. Because of this, the load
current flowing through power transistor MP is always equal to the current that transistor MS senses.
In order that,

Wp
Ich = / 2 Is = NIs (15)

where N is the number of transistor multiples.
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Figure 8. Circuit for the current sensor and current source

4. RESULTS AND DISCUSSION

The proposed high-efficiency multi-source Lithium-lon battery charger with multiple renewable
energy sources has been simulated in Cadence Virtuoso using 180 nm CMOS technology. Figure 9 shows
the simulation of a non-inverting voltage summator. The observed waveforms demonstrate the proper
functioning of the circuit. The output voltage accurately represents the sum of the two input voltages, as
expected from the design.
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Figure 9. Non-inverting voltage summator circuit
The charge mode control circuit simulation results are shown in Figure 10. The figure illustrates the

behavior of three charge mode control signals: Vrc, Vic, and Vcy. Initially, Vrc drops quickly and then
stabilizes, indicating a transition from a high-power phase to a controlled state. V¢ gradually increases to a
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peak before decreasing and stabilizing, suggesting a ramp-up phase followed by stabilization. Vcv remains
low initially, then sharply rises and returns to a stable state, indicating a voltage regulation phase.
The coordinated changes and stability of these signals reflect an effective multi-stage charge control strategy,
optimizing for efficiency and performance.

Figure 11 displays the findings of the analysis of the Lithuim-lon battery charger suggested in this
work. The battery voltage starts at approximately 2.75 V, steadily rising to about 4.25 V, indicating effective
charging. Initially, the charge current surges to 1.5 A, maintaining this level until around 1.5 ks, before
sharply decreasing to zero. This reflects a multi-phase charging process: a rapid charge phase, a CC phase,
and a final CV phase to safely complete charging. The coordinated changes highlight an efficient strategy for
balancing fast charging with battery safety.
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Figure 10. Charge mode control signals Vrc, Vic, and Vv
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Figure 11. Charge current and battery voltage simulation results
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Figure 12 shows the efficiency vs output current relationship of a device operating at a supply
voltage of 4.5 V. The efficiency starts at around 88% and rises sharply, reaching a peak of over 92% around
1 A of output current. However, as the output current increases further, the efficiency gradually declines,
dropping below 90% around 2 A and continuing to decrease as the current rises. A comparison between the
proposed Li-lon battery charger and other state-of-the-art chargers is summarized in Table 2.
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Figure 12. Efficiency vs output current simulation results

Table 2. Performance summary and comparison
Work by [22] Work by [6] Work by [23] Work by [24] Work by [25] This work
Technology CMOS350nm CMOS180nm CMOS350nm CMOS350nm CMOS 130 nm CMOS 180 nm

Supply voltage 45V 48-5V 44V 55V 5V 45V
Efficiency (%) 70.09% 87% 80% 92% 83.9% 92%
Output voltage 42V 42V 41V 42V 43V 42V

Maximum 700 mA 448 mA 1000 mA 600 mA 495 mA 13A

charge current

5. CONCLUSION

In conclusion, a new charging interface architecture with multimode control for a Li-lon battery
with multiple renewable energy sources in CMOS technology. The circuit design is capable of adapting to its
environment and responding to a variety of applications. The proposed architecture optimizes energy transfer
between sources and loads and improves system efficiency. The functions of the three stage charger include
low CC charging (250 mA), high current charging (1.3 A) and CV charging (4.2 V). The Li-lon battery
charger offers a supply voltage of 4.5 V and the battery voltage is charged from 2.8 V to 4.2 V, it has a high
energy efficiency equal to 92% and takes only 29 minutes to charge.
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