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Introduction

Traditionally, current limiting of a buck regulator
is accomplished by monitoring the switch current.
This method protects the switch effectively, but the
maximum output current limit will vary widely. In
some emerging applications such as battery/super-
capacitor chargers, USB power supplies, or LED drivers,
very tight control of the maximum output current is
now mandatory. Achieving higher accuracy of current
limit/regulation is a competitive advantage.

In this article, a unique average output current
monitor feature of National Semiconductor’s LM5117
synchronous buck controller will be introduced and
a method to use this feature in order to implement
precise current limiting will be shown. An example of
a constant current regulator providing output over-
voltage protection will also be presented.

Output Current Limit Variation When Using Peak
Current Limit

Shown in Figure I is a block diagram of a current mode
-controlled buck regulator implementing traditional
cycle-by-cycle peak current limiting. This popular
current limiting scheme senses the current through
the MOSFET during the on-time. The current can be
sensed using the MOSFET's ‘on’ resistance, inductor
resistance, a dedicated sense resistor, or a Sense FET.

The current limit comparator turns off the MOSFET
if the sensed current (and the addition of slope
compensation) exceeds the current limit threshold.
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Once the MOSFET is turned off, the inductor current
will decay during the balance of the clock period to a
valley level. The MOSFET will be turned on again at
the start of the next clock period and if the overload
condition still exists, the current will rise again to the
peak limiting level.
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Figure 1. Traditional Cycle-by-Cycle Peak Current Limiting

In applications where the input voltage is relatively
large in comparison to the output voltage, controlling
narrow pulse widths and short duty cycles are necessary
for regulation. However, traditional peak current-
mode control needs a blanking time which blanks
large leading edge spikes during turn-on of the high-

National
Semiconductor



POWER ‘ designer

Precision OQutput Current Limiting Using Average Current Monitor Feature

side switch. Controlling narrow pulse widths will
be limited by this blanking time. Emulated peak
current-mode control is free of this limit and
allows control of narrow pulse widths because the
inductor current information is sensed—across
the low-side switch or a low-side sense resistor—
during off-time. Figure 2 shows a simplified
block diagram of a buck regulator implementing
emulated peak current mode control with peak
cycle-by-cycle current limiting.
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Figure 2. Emulated Peak Current Limit

The LM5117 emulated current-mode controller
does not actually measure the MOSFET switch
current but rather reconstructs the signal as shown
in Figure 3(b). The MOSFET switch current wave-
form can be broken down into two parts, a base or
pedestal and a ramp. The pedestal represents the
minimum inductor current value (or valley) over
the switching cycle. The inductor current is at its
minimum the instant the free-wheel diode turns
off, as the buck switch turns on. The buck switch
and the diode have the same minimum current
value, occurring at the valley of the inductor current.
A sample and hold measurement of the free-wheel
diode current, sampled just prior to the turn-on of
the buck switch, can be used to capture the pedestal
level information. A ramp signal which emulates the
positive slope of the inductor current is added to the

sample-and-hold DC level.
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Figure 3. Current Limit Comparator Input

While both traditional and emulated current mode
control protect the MOSFET switch effectively, the
maximum output current will vary widely when
operating with varying input and output voltages.
The relationship between input/output voltage and
the maximum output current can be calculated

as follows:
lourmax) = —VCS - A—I - —AVSLOPE
Rs 2  Rs
Traditional Peak Current Limit
lormg =28 AL BVeave
R 2  Rs

Emulated Peak Current Limit



Where Vs is the current limit threshold, Ry is the
resistance of the sensing resistor, AVy,p is the
amount of emulated ramp, AV o is the amount
of slope compensation, and Al is a peak-to-peak
inductor current ripple, defined as:

X (VIN B VOUT)

I-OUT

V
Al = ouT
VinX Fsw

The relationship between the maximum output
current and the input voltage in emulated peak
current limit is illustrated in Figure 4, with output
voltage of 5V.
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Figure 4. Maximum Output Current vs Input Voltage

The relationship between the maximum output
current and the output voltage using emulated
peak current limit is shown in Figure 5, with input
voltage of 48V.
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Figure 5. Maximum Output Current vs Output Voltage
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Average Output Current Monitor Feature

In steady-state, the output current of the buck
regulator is equal to the average of inductor current.
A unique feature of the LM5117 is an analog
telemetry feature that averages the inductor current
and provides a voltage proportional to the output
(inductor) current. The current monitor signal is
updated every clock cycle.

Figure 6 illustrates the LM5117 current monitor.
A current amplifier samples the voltage across the
sense resistor with a gain of 10 to form the pedestal
for the emulated ramp. The conditioner averages
the amplified current sense signal. Finally, a buffer
amplifier with a gain of 2 is used to buffer and
minimize loading effects.
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Figure 6. Block Diagram of Current Monitor
and Ramp Generator

The output of the buffer amplifier is updated
every clock cycle as shown in Figure 7. 'The
current monitor can be used as an input to an A
to D converter to digitally monitor the output
current or calculate power in order to check system
performance. The current monitor can also be used
as an accurate current feedback for precise output
current limiting.
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Figure 7. Current Monitor Qutput—Upper: CM output,
measured through 5 kQ and 1 nF RC filter;
Lower: Inductor Current

Constant Voltage Regulator with Precision
Current Limit

In applications such as battery/super-capacitor
chargers, both accurate voltage and current regula-
tion are required. The LM5117 can be configured as
a constant voltage with precision current limit as
shown in Figure 8. In this configuration, there is
much less variation in the output current limiting
when compared to the traditional cycle-by-cycle
peak current limiting. The LMV431 shunt regulator
and the PNP transistor configure a voltage-to-
current amplifier in a closed current loop. This
amplifier circuitry does not affect the normal
operation when the output current is less than
the set-point. When the output current rises to
the set-point, the PNP transistor starts to source
current into Cpyyyp. The PNP current increases the
positive slope of emulated ramp, providing a
feedback path into the controller to limit the
maximum output current.

As a result, the output can be connected directly to a
battery and be charged as a constant current source
when the battery voltage is less than the output
voltage set-point. Once the battery potential reaches
the output voltage set-point, the controller will
smoothly transition to voltage regulation mode, as
shown in Figure 9. The Vyyr vs. Ioyr curves shown
in Figure 10 illustrate the accuracy of the current
limit circuit shown in Figure 8.
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Figure 8. Constant Voltage Regulator with
Precision Current Limit

Figure 9. CC and CV Regulation Waveforms
(Upper : Output Voltage, Lower: Output Current)
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Figure 10. Output Voltage vs Output Current
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Figure 11. Constant Current Regulator with Hiccup-Mode Over-Voltage Protection

Constant Current Regulator with Hiccup-Mode
Over-Voltage Protection

In applications such as LED drivers, a constant
current output is required, while output over-voltage
protection is required as a protection function.
The LM5117 can also be configured as a constant
current regulator by using the current monitor
feature (CM) as the feedback (FB) input as shown
in Figure 11. A voltage divider at the VCCDIS
pin from Vo to AGND can be used to protect
against output over-voltage, if required. When the
VCCDIS pin voltage is greater than the VCCDIS
threshold, the controller disables the VCC regulator
and the VCC pin voltage decays. When the VCC
pin voltage is less than the VCC UVLO threshold,
both HO and LO outputs stop switching. Due to
the time delay required for VCC to decay below the
VCC UVLO threshold, the over-voltage protection
operates in hiccup-mode.
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Conclusion

While traditional cycle-by-cycle peak current limit-
ing protects the MOSFET effectively, maximum
output current varies widely with changes in input
and output voltage. In applications requiring tight
regulation of output current, using the LM5117
current monitor feature as feedback allows easy
configuration of a constant current regulator or
precision current limiting. The current monitor
feature can also enable various value-added features
by providing the average output current monitor-
ing information to the system.

Additional Resources

LM5117 Datasheet
LM5117 Evaluation Board




National Semiconductor
2900 Semiconductor Drive
Santa Clara, CA 95051
1800 272 9959

Mailing address:
PO Box 58090
Santa Clara, CA 95052

Visit our website at:
national.com

For more information,
send email to:
new.feedback@nsc.com

National
Semiconductor

Power Design Tools

WEBENCH®ﬂJ Design, build, and test analog circuits in this online

Online Design Tools design and prototyping environment.
national.com/webench

Expand your knowledge and understanding of
analog with our free online educational training
tool.

national.com/training

PowerWise®

Design University

TECHNOLOGY National’s monthly analog design technical

Edge journal.
national.com/edge

Tools for Energy-Efficient Designs

Access white papers, reference designs, and application notes on
PowerWise® products and systems.

national.com/powerwise

Don’t miss a single issue!

Subscribe now to receive email alerts when
new issues of Power Designer are available:

POWER [de&z'gner

Expu g, ks, and tochrigues o pover dosins

Isolated Supply Overview and Design Trade-Offs

national.com/powerdesigner SIGNAL PATH| designer

Read our Signal Path Designer® online today:

national.com/spdesigner

© 2011, National Semiconductor Corporation. National Semiconductor, &, LMV, PowerWise, and WEBENCH are registered trademarks of National Semiconductor.
All other brand or product names are trademarks or registered trademarks of their respective holders. All rights reserved.


http://national.com/webench
http://national.com/training
http://national.com/edge
http://national.com
new.feedback@nsc.com
http://national.com/powerdesigner
http://national.com/spdesigner
http://national.com/powerwise

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.

Tl 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 Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl 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 Tl under the patents or other intellectual property of TI.

Reproduction of Tl 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. Information of third parties may be subject to additional
restrictions.

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 Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
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 Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://www.ti.com/wirelessconnectivity
http://e2e.ti.com

