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Powering Solution from a Single Cell Li-Ion Battery 

Using the MCP16411 and a Battery Charger
INTRODUCTION

The newly-developed Internet of Things (IoT) devices
are usually powered by using a battery that is directly
related to the system power consumption. Two or three
alkaline batteries or small Li-Ion coin cells are used for
long runtime operation systems. For portable systems
that need higher power ratings, a rechargeable Li-Ion
battery type is preferred. 

Many IoT devices require a standard 3.6V or 3.3V rail,
therefore, the battery type used is often a Li-Ion cell.
Sometimes, a full battery utilization is mandatory (from
4.2V to 2.8V), thus a Buck-Boost converter is suitable
for this type of applications. However, these converters
are costly and often too complex to be integrated into
the system. The MCP16411 has a unique feature
called Automatic Input-to-Output Bypass that, when the
battery voltage is higher than what the system needs,
allows the MCP16411 synchronous step-up switching
regulator to fit perfectly for many requests. Other main
features consist of the low quiescent current consump-
tion, PFM/PWM mode of operation for high efficiency,
Output Discharge feature in shutdown mode, as well as
programmable Undervoltage Lockout (UVLO), and
Low Battery Output (LBO). The Automatic
Input-to-Output Voltage Bypass mode during operation
helps to optimize the battery utilization and achieve
high efficiency while the fresh batteries' nominal volt-
age is in the same range with the converter's output
value.

On the other hand, the battery charging management
is implemented using the MCP73830. This charge con-
troller provides specific algorithms for single cell Li-Ion
or Li-Polymer batteries to achieve optimal capacity and
safety in the shortest charging time possible.

MCP1641X KEY FEATURES

• Input Voltage Range: 0.8V (after start-up) to 
5.25V

• Low Device Quiescent Current: 5 µA (typically)

• Up to 96% Efficiency

• Programmable Low Battery Output (LBO)

• Programmable Undervoltage Lockout (UVLO)

• 1A Typical Peak Inductor Current Limit:

- IOUT > 170 mA @ 2V VOUT, 1.2V VIN

- IOUT > 200 mA @ 3.3V VOUT, 1.5V VIN

- IOUT > 600 mA @ 5.0V VOUT, 3.6V VIN

• Adjustable Output Voltage Range

• Automatic Input-to-Output Bypass Operation

• Automatic PFM/PWM Operation 

• PWM Switching Frequency: 500 kHz (typically)

• Power Good and Die Overtemperature Output

• Inrush Current Limiting and Internal Soft Start 

• Low Noise, Anti-Ringing Control

• Shutdown Current: 2.3 µA (typically)

• Selectable, Logic-Controlled, Shutdown States:

- Output Discharge Option 

- Input-to-Output Bypass Option

FIGURE 1: MCP16411 – Boost Converter with Battery Charging Management Block Diagram.
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APPLICATION CIRCUIT 
DESCRIPTION

This application consists of several blocks, including a
DC-DC boost converter with dynamic UVLO thresholds
and the battery charger, as shown in Figure 1.

The MCP1641X is a low-voltage step-up switching reg-
ulator with battery monitoring features, delivering high
efficiency over a wide range of inputs.

This family of devices features low quiescent current, a
programmable start-up voltage (Undervoltage Lockout
– UVLO), Low Battery Indication (LBI/LBO), adjustable
output voltage and dual mode of operation: PFM/PWM
and PWM Only. It also features an integrated synchro-
nous switch, internal compensation, low noise
anti-ringing control, inrush current limit and soft start.

The Undervoltage Lockout (UVLO) prevents faulty
operation below 0.8V (UVLOSTOP) and allows the
boost converter to start in normal operation, by default,
at 0.85V (UVLOSTART). The programmable
UVLOSTART threshold can be set through an external
resistive divider, but it cannot be lower than 0.85V.
Additionally, a low battery indicator circuit is imple-
mented with an LBO warning pin, which triggers when
the battery's voltage is below the UVLO's trip point.

An additional safety feature used when powering a
device from batteries is the monitoring of the internal
device's temperature. The Power Good and Die Over-
temperature (PGT) pin provides an error signal if the
output voltage drops below 10% of its nominal value or
the temperature of the integrated circuit die exceeds
+75°C, typically. This threshold can be programmed by
customer request, from +55°C to +85°C, with +10°C
increments.

Furthermore, the step-up converter family provides
either Output Discharge or Input-to-Output Bypass fea-
tures, while the device is in Shutdown when pulling the
Enable pin to GND. During this mode of operation, a
low quiescent current of 2.3 µA (typically) is consumed
from the input.

When analyzing Figure 2, which depicts the schematic
of the entire circuitry, it should be noted that the
MCP16411 was chosen due to the Automatic
PFM/PWM Operation. This operation maintains the
efficiency high even at light loads, as well as a lower
quiescent current, compared to the PWM only options.
The device also features a PGT open drain output pin;
it shows the state of the output voltage and the device's
temperature: it triggers whenever VOUT < 90% of the
nominal output voltage or when the die's temperature is
higher than +75°C. Moreover, the MCP16411 has the
Output Discharge feature in Shutdown mode; this will
automatically discharge the output capacitor when the
device is disabled.

For this application, the board was designed with the
output voltage set to 3.3V. If a different output voltage
is desired, the resistive divider consisting of RT and RB
can be calculated using Equation 1.

EQUATION 1: FEEDBACK RESISTIVE 
DIVIDER FOR ADJUSTABLE 
VOUT

The circuitry that is framed with green color (Figure 2)
represents the dynamic changing circuitry for the
LBO/UVLO thresholds; the LBO, UVLOSTART and
UVLOSTOP thresholds can be programmed inde-
pendently by adding supplementary components. The
MCP16411 allows a start-up voltage which can be eas-
ily programmed by the means of a resistive divider con-
nected to the UVLO pin; this feature is used to increase
the UVLOSTART threshold. 

The additional components are helping on the UVLO
falling threshold setup. When the UVLOSTOP threshold
is changed dynamically to the desired value and the
battery voltage reaches that value, the boost converter
will be disabled and the load will be disconnected. This
function is very important for Li-Ion batteries, as dis-
charging them below the cut-off voltage may cause
leakage or irreversible damage.

Equation 2 can be used for calculating the pro-
grammed value of the UVLOSTART threshold, where
VREF_UVLO is the Internal Voltage Reference (485 mV)
from the UVLO comparator block, while RH and RL are
the external network resistors. Therefore, RH is con-
nected to VIN, RL is connected to GND and both RH and
RL are connected to the UVLO input pin.

EQUATION 2: UVLO RESISTIVE DIVIDER 
FOR PROGRAMMABLE 
START-UP VOLTAGE

The value of the UVLOSTART threshold that is imple-
mented in this application was set to 3.0V.

The boost converter will start switching when the bat-
tery voltage is 3.0V or higher than 3.0V and it will regu-
late the output voltage at 3.3V. After start-up, the RH1
resistor and the N-Channel MOSFET become an active
part of the circuit. The PGT signal will then turn on the

RT RB
VOUT
VFB
------------- 1– 
 =

Where VFB is typically 0.97V.

RH RL
UVLOSTART
VREF_UVLO
------------------------------- 1– 
 =
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N-MOS switch and will connect RH in parallel with RH1.
Therefore, the UVLO threshold will be dynamically
changed to 2.8V.

When the battery gets discharged below 2.8V, the LBO
pin switches to low level and will warn the user to
replace or to recharge the battery. When the LBO sig-
nal warns the low battery event, it pulls the emitter of
the NPN transistor (Q1) to low level, turning it on. As a
result, the NPN transistor asserts to low the enable
input pin of the switching regulator, which shuts down
the output of the converter. 

This simple method for increasing the UVLOSTOP
threshold (in order to shut down the device at 2.8V
input) protects the Li-Ion Battery from over-discharging. 

The dynamically changing threshold for the UVLO can
be calculated using Equation 3, where VREF_UVLO is
485 mV, LBOHYST is a hysteresis of 20 mV, typically
(between the UVLOSTART and LBO thresholds), and
RH1 sets the value for the desired UVLOSTOP
threshold.

For safety reasons, the 18650 Li-Ion battery's manu-
facturers do not recommend using the cells below their
specified Function End Point (FEP) or Cut-Off Voltage
since they do not have a fair amount of energy avail-
able anymore; the FEP for 18650 Li-Ion batteries is
around 2.8V or 2.7V. 

This proposed application was designed to turn off the
output of the converter if the input voltage decreases
below 2.8V, which will prevent discharging the battery
below its FEP. The dynamic LBO/UVLO thresholds
decrease the risk of battery leakage because this phe-
nomenon might be able to produce serious damage to
the applications or to the battery casing.

EQUATION 3: DYNAMIC UVLO/LBO 

FIGURE 2: MCP16411 - Boost Converter with Battery Charging Management Circuit Diagram.

The proposed application is used to provide 3.3V regu-
lated output voltage from an input that varies from a
minimum of 2.8V to a maximum 4.2V (e.g., the voltage
range of a fresh 18650 cylindrical Li-Ion battery).
Figure 3 reveals the maximum output current that can
be obtained by the MCP16411 switching regulator for
different battery voltages.

The MCP16411 device features the Automatic
PFM/PWM function, which allows the converter to
operate in PFM (Pulse Frequency Modulation) Mode at
light loads, to achieve the maximum efficiency. Figure 4
represents the efficiency versus load current graph.

The circuitry that is framed with orange color in
Figure 2 represents the charging circuitry for the bat-
tery. Therefore, a Total System Solution (TSS) that can
be powered from a Li-Ion battery is completed by
adding to the main circuit a Linear Battery Charger IC. 

UVLODYNAMIC
RH RH1

RL
---------------------- 1+ 
  VREF_UVLO LBOHYST– =

Charger 
Section

Dynamic UVLO 
      Section

Low Voltage Boost DC-DC 
              Section
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The MCP73830 is a charge management controller
that provides specific charge algorithms for single-cell
Li-Ion/Li-Polymer batteries. This device was designed
to achieve optimal capacity and it allows up to 1000 mA
constant current for applications that require fast
charging. The fast-charging current allows the battery
to be charged up to 80% or 100% in a short period of
time.

This linear battery charger has an internal 4 Hour Fixed
Elapsed Timer. If this timer expires before the recharge
threshold is reached, the charge cycle will be stopped.
The MCP73830 device remains in this condition until
the battery is reinserted or the input power or CE pin is
cycled.

MCP73830 KEY FEATURES

• Complete Linear Charge Management Controller:

- Integrated Pass Transistor 

- Integrated Current Sense

- Integrated Reverse Discharge Protection

• Constant-Current/Constant-Voltage Operation

• Programmable Charge Current: 
100 mA – 1000 mA

• Soft-Start to avoid Inrush Current

• Fixed Elapsed Timer: 4 Hours

• Automatic End-of-Charge (EOC) Control 
Termination: 7.5% and 10% 

• Automatic Power-Down when Input Power 
Removed 

• Undervoltage Lockout (UVLO) 

• Chip/Charge Enable Pin (CE) 

• Available Package: 6-lead 2 mm x 2 mm TDFN

The user can program the charging current by using an
on-board resistor; Equation 4 shows how the program-
ming resistor can be calculated.

As a result, the MCP73830 can charge a single-cell
18650 Cylindrical Li-Ion battery from a Micro-USB port
for the proposed circuit.

EQUATION 4: PROGRAMMING CHARGE 
CURRENT

Due to the fact that the load is directly connected to the
battery, a protection circuit is required to prevent over-
voltage during the charging cycle of the Li-Ion batteries.

  

FIGURE 3: MCP16411 - Maximum IOUT vs. VIN, after Start-up, VOUT ≤ 5% below the Regulation 
Point.
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FIGURE 4:  MCP16411 - Efficiency vs. IOUT for VOUT = 3.3V.

Figure 5 shows the working principle of the MCP16411
with dynamic UVLO thresholds application. A power
supply was used to feed the converter, therefore, the
input voltage (the purple signal) is ramping up/down
from 2.0V to 4.2V (which represents the voltage of a
fresh Li-Ion battery). When the input voltage is 3.0V
(cursor "a"), the UVLO start-up trip point is reached, so
the VOUT goes up to the desired value (3.3V) and the
LBO signal gets high. 

When the input voltage decreases and the UVLOSTOP
value is reached (2.8V – cursor "b"), the Enable input is
asserted to low, turning off the output of the converter.
Consequently, the LBO switches to low level, with 150
µs response time, which will trigger (indicate) the low
battery warning. 

  

FIGURE 5: MCP16411 Using Dynamic UVLO Thresholds – Show Proofing Waveforms.
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The proposed solution was designed using a form
factor for the PCB, which is compatible with a holder for
a single cell 18650 cylindrical Li-Ion battery, as shown
in Figure 6. 

To complete this Total System Solution, a few external
components were added.

  

FIGURE 6: MCP16411 Boost Converter and MCP73830 Battery Charger: Practical 
Implementation.

CONCLUSIONS

Nowadays, the portable and wearable technologies are
evolving more and more. Therefore, the proposed solu-
tion was designed to be powered from a single cell
Li-Ion battery. Some of these applications may be rep-
resented by electric toothbrushes or shavers, which
can be designed using full analog electronic
components.

The main advantage of this TSS is represented by the
utilization of the MCP16411 step-up DC-DC converter,
due to its high efficiency, low quiescent current and
safety features, as the indicators for Power Good and
Die Overtemperature. Moreover, the battery-friendly
features are represented by the Automatic
Input-to-Output Bypass during operation and Program-
mable UVLO thresholds; all these benefits are
translated into a maximum battery capacity utilization.

In addition, the proposed TSS provides easy imple-
mentation and requires a minimum number of extra
components, which reduces the BOM, the total system
cost, as well as the board area.
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