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ABSTRACT

This application report discusses the Texas Instruments LM2623 Boost Converter.
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1 Overview
• Efficient operation from single NiMH to three LiIon input voltages.

• Application circuit meets the emerging 1.8 to 4.5 volt industry standart.

• Iq allows up to 6 months shelf life for rechargeable applications.

• Can be used by most electrical engineers; a control system specialist is not required to design for
stable operation.

• Usable in circuits requiring very low ripple voltage.

• Low cost per watt.

Many traditional analog problems are increasingly being solved with digital solutions. As a result, the
majority of today's electronic product designers are digital engineers who find it difficult to design with
switching power supply ICs. Analog engineers are specialists and control system engineers are even more
specialized. Today's high speed, low voltage systems require tight tolerance power supplies with fast
response times. This increases the opportunity for complex control system problems (stability problems).
These represent stumbling blocks for product designers and they end up needing the IC manufacturers to
design their solutions. The product designers would usually prefer to do it themselves and have a higher
degree of control over their projects. Since the product designers are usually not control system
engineers, their application of a switching power supply requires a supply that is inherently stable.

2 Gated Oscillators - Advantages and Limitations

Gated oscillator based switching power supplies use inherently stable, on-off control systems, rather than
proportional controllers, such as the ones used in pulse width modulated (PWM) systems. The gated
oscillator parts typically exhibit higher levels of ripple. However, because of their inherent stability, gated
oscillators are usually safe for a digital hardware engineer to design into an application without
encountering a control system problem.

Gated oscillators operate at a fixed duty cycle, which limits their range of output voltage and load
capability. In order to maintain continuous current mode in a boost converter, a duty cycle greater than 1-
VIN/VOUT must be maintained. When this ratio is not maintained, the output capability drops dramatically.
Fixing the duty cycle sets the maximum output to input voltage ratio for the power supply. This is an
inherent architectural limitation of this type of system. For low output to input voltage ratios, the duty cycle
of a gated oscillator will limit the output current of the supply. If the output transistor is conducting 90% of
the time, the coil can only discharge into the load 10% of the time. When the output current exceeds 10%
of the coil current, the system cannot supply the load. For these ratios, 400 milliamps load current requires
an output transistor that can sink at least 4 amps to supply the load. If the duty cycle was 10%, the output
transistor would only need to sink 1.1 amps. Running higher coil current than necessary results in
excessive overshoot (ripple) when the supply reaches the voltage limit, stops the oscillator and discharges
all the stored energy in the coil. Higher than necessary peak coil current also lowers the efficiency
because the output is proportional to the current while the losses are proportional to the current squared.
Making the duty cycle user adjustable would allow a gated oscillator to be an effective solution for a much
broader range of applications.
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3 Programmable Gated Oscillator

Adapts the Duty Cycle to Optimize Output, Efficiency and Ripple as the Battery Discharges.

The LM2623 is a gated oscillator with a frequency proportional to the current into the oscillator pin (see
Figure 1). The duty cycle is user adjustable with the addition of a small capacitor. This capacitor (C3 in
Figure 1) also makes the duty cycle adjust itself as the battery runs down. It transfers a constant charge
into the oscillator pin when the output device turns off and out of that pin when the output device turns on.
This increases the on time and decreases the off time (increases the duty cycle). As the input current and
frequency decrease due to the battery voltage running down, the fixed charge transfer becomes a larger
percentage of the oscillator current and the duty cycle increases further. This increase in duty cycle as the
battery runs down significantly expands the gated oscillator operating range.

Figure 1. LM2623 Boost Converter for Digital Camera Motor

The circuit in Figure 1 is a very practical LM2623A ratio adaptive circuit to drive a digital camera motor. It
produces 5 volts from input voltages ranging between 1.8 and 4.5 volts. The graph in Figure 2 shows the
efficiency at different input voltages and output loads. The duty cycle is not shown, but it varies from about
86% at 1.8 volts in to 71% at 4.5 volts in. Maintaining the 86% duty cycle at 4.5 volts would reduce the
efficiency and increase the ripple. Maintaining the 70% duty cycle at 1.8 volts would significantly reduce
the output capability. Several camera manufacturers are already requiring 1.8 to 4.5 volt operation from all
the power supplies. The 1.8 to 4.5 voltage standard allows a manufacturer to build his product and let the
user select disposable Alkalines, NiMH or LiIon at the point of purchase.

Figure 2. Efficiency for LM2623A Ratio Adaptive Circuit
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The industry's most flexible power supply needs to solve more problems than just wide range efficiency.
Low ripple is important for many applications, particularly digital cameras. This requires matching the duty
cycle to the voltage ratio to limit the overshoot due to excessive stored energy in the coil. The change in
duty cycle with battery voltage can be increased significantly by adding resistance in series with C3 (see
Figure 3). The ripple can also be decreased significantly by adding a small capacitor (30 to 100pf) in
parallel with RF1 and adding a ceramic capacitor (4.7 to 10µf) in parallel with C2. The circuit in Figure 3
was developed to supply the analog and digital circuits in a digital camera. It runs between 80% and 90%
efficient with ripple below 30 millivolts at 300 ma. Ripple is below 10 millivolts from 50 ma to no load. The
typical duty cycle ranges from 69% at 1.8 volts to 38% at 3 volts. These ripple and efficiency figures
compare favorably with PWM parts in the same application. The quiescent current of this circuit will also
support up to 6 months of shelf life in a rechargeable application using two AA NiMH cells.

Figure 3. LM2623 Boost Converter Circuit with Low Ripple for Digital Cameras

The LM2623 is not the optimum solution for all portable power applications. However, the simplicity of the
gated oscillator architecture makes it a very cost effective solution. Its inherent stability eliminates most of
the application problems and the adjustable duty cycle makes it versatile enough for almost any portable
power application. If you only want to stock one IC switching supply and minimize your expense for
training and obsolescence, the LM2623 is a very good choice.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

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

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

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive

Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications

Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity
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