SIMPLYING MULTI-CHEMISTRY BATTERY CHARGERS
By Archana Yarlagadda, Applications Engineer Senior, Cypress Semiconductor Corp.
Portable electronic devices, whether personal electronics, remote scientific instrumentation, or simple garage flashlights, all
have one thing in common: batteries. These can be NiCd, NiMH, Li-Ion, or any other rechargeable battery chemistries. This
article discusses a flexible battery charging system that can be applied to a range of voltages, battery chemistries, and battery
charge profiles.
When charging multi-chemistry batteries with different cell capacities, the battery voltage can be higher or lower than the
supply voltage at various stages of the charging. Thus the supply voltage needs to be either boosted or attenuated to match
the battery voltage. For example, a supply voltage of 3.3 V needs to be attenuated down when a single cell NiMH battery
(typically 1.25 V) is being charged. When a single cell Li-ion battery (4.1 V) is used, the input voltage needs to be amplified. To
address such cases, the primary charge path is chosen to be Single Ended Primary Inductor Converter (SEPIC) [1]. This
topology of switch-mode DC-DC conversion has the ability to both buck and boost a wide range of voltages to provide supply
voltage flexibility.
Two different rechargeable battery chemistries – Nickel-Metal Hydrate (NiMH) and Lithium-ion (Li-Ion) batteries – will be used
as examples in this article. These two chemistries require different charge profiles but can both be readily serviced using the
same flexible charging topology. The flexibility and simplicity in switching from one type of battery chemistry to another is
implementation in software on a microcontroller. By designing the charging subsystem in a modular manner and encapsulating
functions into various components, the same application can be implemented using different microcontrollers, depending upon
system requirements. The use of components simplifies design, where the input and/or outputs are hardware and/or software
[2]. This approach allows developers to add battery charging as an additional feature to another main application, like motor
control, accurate medical measurements, etc.
A battery charger has to determine the state of the battery (i.e. voltage, current and temperature) and control the charging
current. The hardware to determine the state of the battery is common to the batteries. The battery voltage can be higher or
lower than the input range of the microcontroller; thus, the voltage is usually measured by using a resistor divider circuit to
attenuate the voltage. The current can be measured on the high-side (the current going into the battery), low-side (the current
coming out of the battery) or, in case of the SEPIC convertor, by using a resistor in the secondary side of the inductor. The
batteries usually have an embedded thermistor that provides an accurate state of the battery temperature. This is sometimes
omitted in some commercial batteries to reduce cost. In such cases, an external thermistor placed in contact with the battery
can be used.
Based on these measured parameters, the charge current into the battery is determined and is controlled by the
microcontroller. The main difference between different battery chemistries, from the battery charger perspective, is the charge
profile. The charge profile of Li-ion and NiMH are given in Figure 1 [3].
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Figure 1: Battery charging profile for Li-ion and NiMH batteries
In the profile shown in Figure 1, the current is controlled by the microcontroller and the voltage and temperature are changes
happening in the battery. The Li-ion battery uses a constant-current constant-voltage charge profile. Consider the nominal
capacity of a battery to be denoted by “CA”. At startup, if the battery voltage is lower than the constant current threshold
(Vrapid_start), the battery charger supplies a small amount of current (around 0.1 CA). This is the Pre-conditioning stage
where the voltage in the battery gradually increases with this small charge current. When the voltage reaches the rapid charge
threshold, the charge current is increased by the microcontroller to around 1 CA. This is the constant current stage that is
maintained until the battery voltage reaches the specified voltage (Vfull). The battery charger then enters the constant-voltage
stage, where the charge current is decreased while the battery voltage is maintained at Vfull. When the current is decreased
until the termination current, while maintaining the battery voltage, the battery charging is terminated. The current in the battery
changes by a few °C during the whole charging process. If any of the battery conditions – voltage, current, or temperature –
are outside the specified range for the corresponding battery charger stage, the battery charger shuts down the charging for
protection.
The first two charger stages of an NiMH battery are similar to Li-Ion: Activation (with 0.2 CA) and Constant-Current (1 CA).
The end of the constant-current stage in NiMH batteries is detected by a drop in the battery voltage (and drop in temperature)
while the current is constant. After this drop in voltage, the NiMH charger profile enters a charge-top off stage where the
current is reduced to a trickle charge level (around 0.05 CA). In this stage, a small amount of charge current is provided for a
constant amount of time before charge termination.
Based on the charging requirements mentioned above, battery charging can be simplified to different levels using a state
machine with predefined voltage, current, temperature, and time-out values. The state of the battery and the amount of current
that needs to be provided for battery charging are controlled in the microcontroller state machine. A simplified state machine
for charging both types of batteries is shown in Figure 2. This block diagram shows the different stages of charging.
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Figure 2: Block diagram of different stages during charging
Based on the battery chemistry chosen, the microcontroller goes through the state machine of that particular battery and
controls the charge current. The profile used for charging a battery can be pre-programming, pre-startup, or automatic
decision. For the first two methods, the type of the battery is taken as an input from the user. In pre-programming, the type of
battery charging required is chosen in the component software and the microcontroller is programmed with the required profile.
This type of decision is used in applications where battery charging is added as an additional feature to an existing product. In
such applications, the type of the battery is known, or different types of batteries are used to make different versions of the
same product.
In pre-startup, the microcontroller has both the battery profiles and the decision of the profile to be implemented is done
through a conditional check. This check can be something as simple as a switch position that is checked during startup. The
automatic decision is done by the microcontroller after startup and it chooses the battery charger profile by detecting the type
of battery. For example, a typical voltage range for a single cell NiMH is between 0.9 V to 1.25 V, whereas a single cell Li-ion
voltage ranges from 2.7 V to 4.2 V. Similarly, the temperature ranges also differ between the two, and these values can be
saved and compared upon startup. The automatic check approach is limited to very specific conditions. In general, the preprogramming and pre-run time decisions are used for the majority of applications. In this article, the pre-programming is
highlighted to focus on applications in which battery charging is an add-on feature.
As mentioned earlier, the hardware for sensing and controlling the battery charger is the same for the two types of chemistries.
The schematic for the external hardware required for battery charging is shown in Figure 3.
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Figure 3: Simplified Schematic of Battery Charger
To determine the battery state voltage, current and temperature measurements are performed by multiplexing these inputs to
an ADC in the microcontroller. Based on these values, the state is decided in the firmware and the charge current is controlled
by changing the duty cycle of the PWM. The PWM output is connected to the gate of the MOSFET in the SEPIC convertor that
controls the current flowing into the battery. These steps involve the CPU and thus have some latency. Different batteries,
specifically Li-ion, are very sensitive to overcharging and can become extremely unstable at higher voltages. To add additional
protection for overvoltage and overcurrent conditions, hardware protection circuits are added through comparators. These
comparators will shut-off charging until reset by the user or a safe condition is reached.
Based on the parameter values measured and the type of battery chemistry, the CPU decides the state of the battery and
changes the duty cycle of the PWM accordingly. Traditionally, the conditions required by the CPU to detect the profile were
defined and as constants in the code and were changed manually. Consider the following Pseudo-code.

#define LIIon 0
#define NIMH 1
#define BATTERY_PROFILE 0
void main()
{
Measure_Battery_Parameters(); //Use ADC to measure V, I and T
Get_Battery_State();
Control_PWM_DutyCycle();
}
Get_Battery_State()
{
if(BATTERY_PROFILE == LIION)
{
//set battery state for Li-Ion
}
else if(BATTERY_PROFILE == NIMH)
{
//set battery state for NiMH
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}
else
{
//battery type error
}
}

When the profile needs to be changed, the BATTERY_PROFILE is set to 0 or 1 to switch between the two profiles. The
voltage, current, and temperature limits for all the states are also saved as constants and changed accordingly. If a different
voltage level for the same battery type is required, the code needs to be changed to enter the new parameters. This means
the user of the application needs to be aware of the code to change the profiles and limits for battery charging. By taking a
component approach, parameters can be entered for changing battery charger profile when developer select the appropriate
IP blocks. For example, component encapsulations for Li-ion and NiMH batteries are shown in Figure 4.

Figure 4: GUI to enter parameter limits of different battery chemistry
By using these components, an application designer can add the charger component into an existing application and
set up the appropriate profile. All the other hardware (comparators, PWM, etc) and software (state machines) are also
generated by the component. Using a reprogrammable architecture such as the PSoC from Cypress, hardware components
can be programmed and implemented with the software application. This method was used to program the hardware shown in
Figure 3 with Li-ion and NiMH battery charge profiles. The battery parameters are sent to the computer by adding a USB
component to the project. The data was plotted using software tool built using C#. Any other form of communication and
similar tool can be used to plot the data. A battery emulator was used to emulate the Li-Ion and NiMH batteries to obtain the
graphs in real time. The plots obtained as shown in Figure 5.
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Figure 5: LiIon and NiMH Charging Profile Plot
The noise observed in the current is the switching noise due to the change of voltage using a battery emulator. Since the
voltage was changed faster using a battery emulator, the response and settling time of the PWM output in response to change
in voltage is seen as switching noise in the results above. The change of voltage in a battery is very gradual and thus
switching noise is not significant with a real battery.
The stages of battery charging for the Li-ion and NiMH batteries in Figure 1 and Figure 2 can be observed in Figure 5. Thus it
can be observed that with simple change in firmware of a SoC, a multi-chemistry battery charger can be obtained with the
same hardware. The simplification obtained by making components of the profiles in components facilitates battery charging
as an additional feature to a main application.
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