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INTRODUCTION

The purpose of this document is to highlight the
importance of batteries and the efficient power transfer at
light loads in battery-powered applications. This
applicaton note will cover topics from battery
considerations and how to get more run time, to
presenting a boost converter solution that fulfills many
industry requirements.

The solution provided by Microchip focuses around the
MCP16251/2  devices, which are compact,
high-efficiency, fixed-frequency, synchronous step-up
DC-DC converters. Along with the other boost devices
from Microchip, MCP1640B/C/D and MCP1623/4, they
form the low-voltage boost converter family that
provides an easy-to-use power supply solution for
applications powered by either one-cell, two-cell or
three-cell alkaline, NiCd, NiMH and one-cell Li-lon or
Li-Polymer batteries.

PRIMARY BATTERY
CONSIDERATIONS

The Microchip family of boost converters enables
designers to utilize a single 1.5V primary battery as a
power source in applications that require higher
operating voltages. Primary batteries are cost-effective
and widely available throughout the world, can support
a variety of drain rates and are available in a variety of
sizes and chemistries. There are a number of factors
designers should keep in mind when choosing a
battery solution for their project.

Primary batteries typically have much greater shelf life
stability than rechargeable chemistries. Most alkaline
batteries have a shelf life of up to 10 years, while
Energizer® Ultimate Lithium batteries have a shelf life
of up to 20 years. The low quiescent current of the
MCP16251/2 devices allows designers to create
single-cell power solutions that can potentially last
multiple years on a single battery.

Designers should avoid deeply discharging alkaline
batteries because it will increase the possibility of
leakage. Even though a battery boost circuit might be
able to operate at input voltages as low as 0.35V,
discharging batteries below 0.8V is not advised. Below
0.8V on the battery, parasitic drains should be kept as
low as possible and preferably removed entirely.

Operating  temperature may impact device
performance differently depending on the battery
chemistry that is used, and cold environments in
particular may reduce run time. A typical alkaline cell
will operate from -18°C to +55°C. If an application
operates at temperatures below zero, an alkaline
battery will provide greatly reduced performance or the
device may not work at all. Designers should consider
alternate options, such as Energizer Ultimate Lithium
batteries, which have a wider operating temperature
range of -40°C to +60°C.
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THE MICROCHIP FAMILY OF BOOST

REGULATORS

Microchip’s boost converter family was designed to
start from a low input voltage and operate down to
0.35V. The family of boost devices has a set of features
that makes them an efficient solution for applications
that require a minimum number of components and is
supplied from one-cell, two-cell, three-cell alkaline,
NiMH, NiCd or single-cell Li-lon batteries.

TABLE 1: BOOST REGULATOR FEATURES

Feature

Description

Low quiescent current

This feature is very important for battery-powered applications as it increases the
run time.

Pulse Width Modulation
(PWM)/Pulse Frequency Modu-
lation (PFM) mode operation

Along with the very low quiescent current, this ensures high efficiency for the entire
load range.

Integrated synchronous switch

Typical boost converters cannot disconnect the output from the input because of
the boost diode; replacing this with a PMOS switch increases the overall efficiency
and allows the user to disconnect the output from the input.

Internal compensation

The error amplifier and the associated compensation network are integrated in the
device, ensuring a stable response to either load or line variations and reducing
the number of external components.

Low noise anti-ring control

The Microchip boost devices use a low noise anti-ring switch that dampens the
oscillation typically observed at the switch node of a boost converter when
operating in Discontinuous Inductor Current mode and therefore reduces the high
frequency radiated noise.

Peak Current mode control

This ensures a fast response to any perturbations in the output current or the input
voltage.

Soft start

The start-up procedure is divided into three steps:

1. The output is connected to the input through the PMOS switch. During this
time, the output capacitor is charged with a current limited to approximately
100 mA.

2. After charging the output capacitor to the input voltage, the device starts
switching. The device runs open-loop with a fixed duty cycle until the feed-
back voltage reaches approx 0.8V. During this time, the boost switch current
is limited to 50% of its nominal value to avoid high peak currents at the bat-
tery, or output overshoots during start-up. Once the VFB voltage reaches
0.8V, normal closed-loop PWM operation is initiated.

3. Once the device has entered closed-loop operation, an internal capacitor is
charged with a very weak current source, which in turn serves as the
reference voltage for the converter. This provides a robust start-up, without
any overshoot on the output voltage.
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A small overview of the characteristics for the
Microchip family of boost devices is provided in
Table 2.

TABLE 2: THE MICROCHIP FAMILY OF BOOST DEVICES
Parameter MCP1623/4 MCP16251/2 MCP1640/B/C/D
Mode PWM only or PWM/PFM PWM/PFM PWM only or PWM/PFM
Start-Up Voltage 0.65V 0.82v 0.65V
Input Voltage 0.35V -5.5Vv 0.35V -5.5V 0.35V -5.5Vv
Peak Switch Current 425 mA 650 mA 850 mA
Quiescent Current 19 pA 4 pA 19 pA
VouT Accuracy +7.4% +3% +3%
Switching Frequency 370 - 630 kHz 425 — 575 kHz 425 — 575 kHz
Shutdown True Load Disconnect Input to Output Bypass Input to Output Bypass
or True Load Disconnect or True Load Disconnect
Packages 6-lead SOT-23 6-lead SOT-23 6-lead SOT-23
8-lead 2x3 DFN 8-lead 2x3 TDFN 8-lead 2x3 DFN
Key Attributes Lowest Cost Lowest Quiescent Current Highest Performance

LONGER BATTERY RUN TIME AND
HIGH EFFICIENCY OVER THE ENTIRE
LOAD RANGE

One of the advantages of the MCP16251/2 compared
to the other boost family members is the low quiescent
current (4 pA compared to 19 pA). Along with the PFM
mode, the higher PWM-to-PFM threshold and the
high-value feedback resistors, this has resulted in a
converter that greatly increases the run time of
battery-powered applications at low load. In PFM
mode, the device switches and increases the output
voltage up to an upper threshold limit, where a
comparator is triggered. This induces a sleep mode
behavior in which the device draws only 4 pA from the
output of the converter. Once the device has stopped
switching, the output voltage starts to decrease until it
reaches the lower threshold limit, which causes the
converter to start switching and bring the output voltage
back up.

When choosing the feedback resistor, a compromise
should be made between no load input current and the
noise that the application can tolerate. Higher value
resistors will decrease the no load input current
(Figure 1) but will increase the noise that is introduced
in the system and may cause instability issues.
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FIGURE 1: No Load Input Current

(V|N = 15V, VOUT = 33V)

Compared to the MCP1640B/C/D and the MCP1623/4,
the MCP16251 has a smaller no load input current
(Figure 2), which in turn provides a higher efficiency
across the entire load range (Figure 3).
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FIGURE 2: No Load Input Current.
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FIGURE 3: Efficiency vs. Output Current.

Although the PFM mode has the advantage of reduced
current consumption, care must be taken when the
load is sensitive to small frequency components. The
discontinuous switching operation causes the output
voltage to have a triangular waveform with a variable
frequency based on the output load (Figure 4). For the
scope shot in Figure4, we have a 170 mV
peak-to-peak ripple at a frequency of 2.5 kHz. For
applications that require a clean voltage which cannot
tolerate a small peak-to-peak low-frequency
component, we recommend using the MCP1640B/D or
the MCP1623, which run in continuous PWM mode.

MCP16251 Run Time Results

In low-power, long run time applications, the efficiency
of the boost converter at very low loads can affect the
run time of a circuit by a significant amount. Energizer
Application Support has provided the following service
estimate to illustrate how a lower quiescent current can
increase your run time in low-drain applications. These
estimates are for a device that operates at 3.3V and
with a constant 100 pA background drain. Once every
10 minutes, the circuit wakes up and pulls 50 mA for
0.2 seconds. Service estimates are given in days.

TABLE 3: RUN TIME RESULTS

Battery MCP16251 | MCP1640
Energizer Max® AAA 130 days | 115 days
Energizer Max® AA 280 days | 247 days
Energizer® Ultimate 408 days | 359 days
Lithium AA
Energizer® Ultimate 150 days | 132 days
Lithium AAA

V|N 3V VOUT AC coupled
Vout =5V 100 mV/div
IOUT =2mA
SW Node
| 2V/div
200 ps/div
FIGURE 4: MCP16251 Output Voltage.

Note 1. Assumes the batteries are drained to 0.9V

2: VOUT =3.3V, lOUT =100 UA/SO mA
every 10 minutes for 0.2 seconds

MCP16251 AND MCP1640B
EVALUATION BOARD
In order to develop a complete solution, the boost

converters in the Microchip family share the same
pinout and require the same number of components.

L1
4.7 pH
V 3 3VV68U7T5 A
IN . m

0.9V to 1.7V SW

gg C|N l

z |47 uFI

g =

—

<

T

FIGURE 5: Typical Application.
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The MCP16251 and MCP1640B Synchronous Boost
Converters Evaluation Board (ADM00458) is used to
evaluate and demonstrate Microchip Technology’s
MCP16251 and MCP1640B products.

FIGURE 6: MCP16251 and MCP1640B
Evaluation Board.

This board demonstrates the MCP16251/MCP1640B
in two boost converter applications with multiple output
voltages. It can be used to evaluate both package
options, 6-lead SOT-23 and 8-lead 2x3(T)DFN. The
MCP16251 and MCP1640B Synchronous Boost
Converter Evaluation Board was developed to help
engineers reduce the product design cycle time. Three
common output voltages can be selected: 2.0V, 3.3V
and 5.0V. The output voltage can be changed with a
mini-dip switch that changes the external resistor
divider.

A switch connected to the EN pin is used to enable and
disable the converters. When enabled, the
MCP16251/MCP1640B regulate the output voltage;
when disabled, the MCP16251/MCP1640B disconnect
the path from input to output for “true disconnect”.

CONCLUSION

The MCP16251/2 targets battery-powered applications
that require low standby quiescent current and high
efficiency. Due to the features integrated in the device,
the run time of battery-powered applications with long
idle periods is extended, while still providing an efficient
power transfer when higher current is needed at the
output.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.
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