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ABSTRACT

The TPS61020 is a highly integrated, low-power, boost converter ideally suited for
portable battery-powered equipment. The integrated down conversion mode allows the
boost converter to operate with the input voltage greater than the output voltage, which
is normally only possible with more complicated converters.
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1 Introduction

Boost converters use a single inductor to raise the output voltage above input voltage. However, if the
input voltage range is both greater and less than the desired output voltage, a more complicated converter
is required. SEPIC (single-ended primary inductor converter) or buck-boost converters use a second
inductor to allow operation in both conditions. The TPS61020 boost converter makes use of a unique
circuit that allows it to behave both as a step-up boost converter and step-down buck converter, while
using only one inductor (see m). This operation is called down conversion mode.

PowerPAD is a trademark of Texas Instruments.
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Figure 1. TPS61020 Typical Application

In portable battery-powered electronics, the battery voltage is determined by cell chemistry, discreet
voltage steps per cell, and discharge conditions. Often the cell voltage and input voltage are greater than
output voltage for only a small portion of the battery discharge, creating a requirement for buck-boost or

SEPIC converter.
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Figure 2. Dual-Cell Alkaline Discharge

If an application powered by two alkaline cells requires a 2.8-V output voltage, a typical boost converter

would not be applicable for the first 20% of the discharge curve (see

). The output voltage of a

typical boost converter equals the input voltage when the input is greater than the desired output voltage.
A SEPIC or buck-boost converter is typically required to keep the output in regulation with these circuit

parameters.
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Figure 3. Boost Converter With Down Converter Block Diagram

2 Down Conversion Mode

Down conversion mode is a combination of a boost converter and LDO regulator. When input voltage
exceeds output voltage, the converter enters the down conversion mode, The synchronous rectification
PMOS is reconfigured to act as a pass transistor similar to an LDO (see m The boost converter
continues to switch and increase input voltage.

The PMOS gate is connected to Vin which prevents the device from turning on when the NMOS transistor
is on. In this configuration, the gate voltage is fixed at Vin and the source voltage is adjusted to control
conduction of the PMOS transistor by the boost converter.

The boost portion of the converter formed by the inductor and NMOS transistor continues to operate in the
boost mode, increasing voltage at the PMOS transistor source (see M). Voltage gate to source is
increased only enough to place the PMOS transistor into a linear region to act as a pass transistor. This
threshold voltage, Vt, is about 1 V and increases as a function of output current, approximately 1 mV per 1
mA. In this configuration, the boost converter acts as a control element increasing inductor voltage, which
in turn sets conduction of the PMOS transistor.

During NMOS transistor on-time (time D), the PMOS transistor is off and load current is supplied by the
output capacitor, the same as occurs in boost mode. When NMOS transistor is off (time 1-D), inductor
voltage increases the PMOS transistor gate-to-source voltage to Vt, and it begins to conduct. Voltage drop
across the PMOS transistor during this time is Vin plus Vt.
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Figure 4. Simplified Down Mode Block

Power Dissipation

During a traditional boost mode, the converter is efficient with minimum loss in the NMOS and PMOS
transistors (see m During a down mode, the NMOS continues to switch with minimum loss but the
PMOS is converted to a pass transistor with significant power dissipation (see m). Power dissipation
during a down mode is dominated by loss in the PMOS transistor; therefore, loss from other sources are
not included in this discussion.
Power dissipation of the PMOS transistor.

Pd = (Vin + Vt — Vout) X Ipmos x (1 - D)

Given that
Ipmos x (1 — D) = lout
This can be simplified to
Pd = (Vin + Vt — Vout) x lout

This results in higher power dissipation than the traditional LDO which is:
Pd = (Vin — Vout) x lout
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Figure 5. Switch Mode Waveform During Boost Mode

_ Down Mode Vin + V,
Vour =33V ViN=36V Vin s 3.6V
VOUT:3-3V
> (‘-‘_h__‘ r—lt_ e f'-""""*--... (&m o r'-«
g
>
I . I N SO I T | L
|
(0]
(2]
g
S
o]
3 J

t - Time - 1 ps/div

Figure 6. Switch Mode Waveform During Down Mode
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Figure 7. TPS61025 Efficiency and Power Dissipation vs Input Voltage

m shows the onset of down mode. It is a less efficient mode of operation, resulting in a drop of 15%
in efficiency. Losses increase with input voltage.

Power-Handling Capacity

The TPS61020 is supplied in a QFN PowerPAD™ 3 x 3 package. The maximum recommended junction
temperature (T;) is 125°C. With the PowerPAD soldered to a substantial thermal plane, the thermal
resistance is 48.7°C/W. The power dissipation of the device is limited to approximately 2 W at 25°C and
850 mW at 85°C.

(TJ(max) B TA)

P =
d(max) RBJA O

Conclusion

The TPS61020 boost converter with down mode is a low-cost alternative to a SEPIC or buck-boost
converter in battery-powered applications where the input voltage is greater than the desired output
voltage for a small portion of the battery discharge curve. However, until the input voltage drops below the
desired output voltage, the efficiency of the converter is low. Power dissipation on the device during this
time could be significant.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
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Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.
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