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ABSTRACT
This application note is to provide users of the UCC2897AEVM with a method of generating a cyclic
restart or restart attempt of the EVM should the converter encounter an overcurrent condition including an
output short.

1

Introduction
Most EVMs that utilize the output voltage generation system to power the primary side automatically have
a method of turning off the converter and initiating a soft-start restart. This is accomplished by depriving
the primary side of sufficient voltage to keep the control device above the UVLO turn-off trip point.
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Description
The UCC2897AEVM is designed to implement maximum efficiency so the use of the output inductors
voltage to provide the voltage to the primary was a desirable feature. There was a design decision made
to use a series regulator to implement start up verses providing the necessary capacitance and delay time
needed to implement the start up through the on-chip series regulator.
The series regulator also powers the primary side in the event of an output overcurrent condition
preventing a shutdown/restart cycle from occurring, even if the output is shorted. To prevent this it is
necessary to limit the time the series regulator operates and to delay the retry once the converter shuts
down.
The current limit on this EVM was tested and found to be about 35 amps before the output voltage would
start to drop. The circuit that is described in this application note provides a delay in turn on and forces a
shutdown if there is a low voltage on the output. Figure 1 shows the circuit and the components needed to
do this.
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Figure 1. Hiccup Mode Implementation
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Table 1. Hiccup Mode Implementation Parts List
COMPONENT

VALUE

CX1

1.0 µF

CX2

1.2 nF

CX3

10 µF

CX4

0.1 µF

CX5

1.0 nF

CX6

0.22 nF

RX1

20 kΩ

RX2

301 kΩ

RX3

100 kΩ

RX4

100 kΩ

RX5

100 kΩ

RX6

100 kΩ

DX1

1N4148

DX2

1N4148

DX3

1N4148

QX1

2N2222A

QX2

2N2222A

QX3

2N2222A

There are several things that this circuit has to do. The first is to remove the source of primary-side power
shortly after the device starts to operate. This is accomplished by QX1, CX4, RX2, RX3, CX5, DX3, and
RX6.
When power is applied to the input, current through R19 charges CX3 and turns Q10 on as a linear
regulator, providing power through D12, to the control device and the converter starts. D10 limits the
voltage on the gate of Q10. Once the voltage on D10 stabilizes, the converter starts and voltage is pulsed
on pin 15 which is connected to RX6. Current flow through RX6 and DX3 resulting in a voltage on CX5.
This in turn charges CX4 through RX2 causing QX1 to turn on, shorting the gate of Q10 to ground and
turning off Q10.
Since the converter needs a finite time (softstart time) to establish a voltage on the output and power the
converter it was necessary to delay the turn off of Q10. This was accomplished by adding CX6, RX4, Rx5
DX2 and QX3.
When the voltage on CX5 increases a voltage is developed across RX4 and RX5 by the charging of CX6.
This turns on QX3 which will short the base /emitter junction of QX1 preventing it from turning on and
shorting the gate of Q10 to ground. As the voltage across CX6 increases QX3 will be turned off and QX1
can then turn on. DX2 provides a path for the discharge of CX6 when needed.
Restart time can be adjusted by changing the value of CX3.
To prevent premature pulsing of pin 15, additional circuitry, CX1, RX1, CX2, DX1 and QX2, was added.
While CX3 is charging, a current is generated through CX1 and the base emitter junction of QX2, turning
on QX2 and shorting Pin 12 (SOFTSTART) to ground. RX1 is used to discharge the base of QX2 once the
voltage on Q10 gate stabilizes. CX2 is added for noise immunity. DX1 provides a current path to
discharge CX1 when QX1 turns on. Having the soft start shorted to ground prevents the control device
from pulsing and charging CX5 until after CX3 is fully charged.
Initial testing showed excellent response during testing into a short and heavy load, however, it was
observed that momentary shorts could result in an output overshoot. The solution to this (see Figure 2)
was to change R21 to a 1.0-kΩ resistor and to add a diode (1N4148) across R38 (anode to ground). This
allowed for the rapid discharge of C23 and controlled restarts.
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Figure 2. Modification to the Soft-Start Circuit.
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The results are shown below. In Figure 3 a short was applied repeatedly across the output of the
converter using the shorting button on the electronic load. The results show no overshoot on restart.

Figure 3. Pulsed Shorts Trace 1 VGATE Q10 5 V/div. Trace 2 VOUT 1 V/div.
The test was repeated with a load that was increased until it exceeded the limit for the supply (Figure 4).

Figure 4. Current Limit Exceeded Trace 1 VGATE Q10 5 V/div. Trace 2 VOUT 1 V/div.
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The next test was the application of pulsed shorts at near full load (30 A)

Figure 5. Shorts Applied at 30-A Load. Trace 1 VGATE Q10 5 V/div. Trace 2 VOUT 1 V/div.
The shorts are applied through the electronic load leads so they are not true shorts. They have some
residual voltage left.
Figure 6 shows a normal no load startup curve.

Figure 6. No Load Startup Trace 1 VGATE Q10 5 V/div. Trace 2 VOUT1 V/div.
This circuit unfortunately adds significantly to the component count but it does provide a hiccup restart that
does not overshoot and by adjusting Cx3, the time between startup attempts can be increased.

SLUA532 – July 2010

Method of Providing Hiccup Operation for UCC2897AEVM
Copyright © 2010, Texas Instruments Incorporated

5

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.
TI 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 TI 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 TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.
Resale of TI 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. TI is not
responsible or liable for any such statements.
TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI 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 TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.
TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI 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.
TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI 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

Amplifiers

amplifier.ti.com

Audio

www.ti.com/audio

Data Converters

dataconverter.ti.com

Automotive

www.ti.com/automotive

DLP® Products

www.dlp.com

Communications and
Telecom

www.ti.com/communications

DSP

dsp.ti.com

Computers and
Peripherals

www.ti.com/computers

Clocks and Timers

www.ti.com/clocks

Consumer Electronics

www.ti.com/consumer-apps

Interface

interface.ti.com

Energy

www.ti.com/energy

Logic

logic.ti.com

Industrial

www.ti.com/industrial

Power Mgmt

power.ti.com

Medical

www.ti.com/medical

Microcontrollers

microcontroller.ti.com

Security

www.ti.com/security

RFID

www.ti-rfid.com

Space, Avionics &
Defense

www.ti.com/space-avionics-defense

RF/IF and ZigBee® Solutions www.ti.com/lprf

Video and Imaging

www.ti.com/video

Wireless

www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated

