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ABSTRACT
In many systems backup power is provided either by batteries or simply by a large value capacitor. In
these applications the capacitor would only provide the current when the primary power source fails.
Further, these applications are usually for light load currents. During normal operation the backup
capacitors are kept charged up by a DC/DC converter. The challenge involved in an application like this is
how to charge up the large value capacitor without overwhelming the input power supply and/or causing
the DC/DC regulator to malfunction. This application note addresses that challenge.
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1 Introduction

Charging large capacitors at the output of a DC/DC converter can be a challenge. When the capacitor is
completely depleted and is charging up from 0V, it is going to pull large currents from the input power
supply which may cause the supply to crash or in some other cases cause the DC/DC regulator to
malfunction. To address this issue longer soft start times are added to the charge up of the capacitor. But
even then in most devices maximum allowable soft-start times are about 10ms. This time is not going to
be enough when you want to charge up a capacitor of more than 1000uF up to a few Farads. This is when
you would need an external soft-start circuit that can provide a custom soft-start time.

This application note addresses this issue by using the LM2588 in a SEPIC configuration with an external
circuit which works as constant current controller. The LM2588 is part of the LM258x family of SIMPLE
SWITCHER® boost regulators from Texas Instruments. The internal NPN is capable of handling a voltage
of 65V and has a current limit of 6.5A. The maximum input voltage that the device can handle is 40V.
Thus this device makes a good candidate for wide V, solutions. The design shown here is created for a
typical input of 5V and an output of 12V.

SNVA742-July 2015 Soft-start Using Constant Current Approach 1

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVA742

13 TEXAS
INSTRUMENTS

Basic Operation www.ti.com

2 Basic Operation

The LM2588 SEPIC circuit is shown in Figure 1. During the on-time of the internal NPN, the current is
flowing from the input through L1 in to the internal power switch. The catch diode would thus be reverse
biased and the output capacitor will now be providing the current to the load. The SEPIC cap is now
charging up to V. During the off-time of the power switch, the polarities on the inductors are reversed to
maintain the same current flow through them. The diode is forward biased causing Vo to be established
on L2, and Vg + V,y at the switch node.
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Soft-start Using Constant Current Approach

Figure 1. Designh Schematic
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3

External Soft-start

The SEPIC topology is chosen for this application because of the intended method of adding extra soft-
start time. The SEPIC topology allows low side current sense because of the direction of the current flow
through L2. Low side current sense is generally preferred because it keeps the sensing circuit simple and
doesn’t require it to be level shifted.

In normal condition at startup since the output voltage is low, the error generated inside the IC is large.
This causes the error amplifier to increase its output in order to increase the duty cycle and help transfer
current to the output. A large value capacitor will want to charge immediately to the output voltage and
thus require a large current. Due to the large duty cycle, a large current will be drawn from the input
source which can cause it to crash. In another situation where the input supply is capable of providing
large currents but the DC/DC regulator doesn’t have a limited maximum duty cycle, it will cause the device
to stay on all the time and consequently the output voltage will never get established. It is therefore
important to limit the inrush current and adding extra soft-start time is one way to do it.

In this application the extra soft-start time is added by controlling the COMP pin of the IC during the
charging of the large capacitor. A current sense resistor is added in series with the secondary winding to
ground. Thus during every switching cycle, the current flowing through the sense resistor and the inductor
will causes a slight voltage drop across sense resistor. Consequently the emitter of Q1 will be a bit below
ground. The base of Q1 is tied to ground through a resistor. Therefore with every cycle, the NPN turns on
and yanks down on the COMP pin. This limits the COMP voltage from railing and forces a maximum duty
cycle. This in turn prevents a large inrush current draw from the input power supply.

The sense resistor is part of the steady state circuit too. This means that the steady state current that can
be pulled from the output will also be limited. We can use the following equations to estimate the steady
state output current that can be delivered. The duty cycle for the SEPIC topology is:

D _ Your
Vourt + Vi @)

The ripple current through L2 can be calculated as shown.

L, -Fow @)
The peak current through L2 will be limited because of Q1. It can be estimated as
VBE

lpk ~
ReL (3)

Now knowing the peak and the ripple current, the average DC current can be estimated as

I ~| _1 I
ouT ®lpk =5 "IpP @
This value will not be exact and will depend on the Vg drop and resistor tolerances. Since the addition of
the circuit limits current delivered and also the maximum duty cycle, it increases the time it takes for Vo1
to reach regulation. This time is directly proportional to the value of the resistor. Larger resistor values will
cause longer soft-start times and vice versa.
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4 Test Results

In this example the output capacitor is 4700uF. Figure 2 shows the converter starting-up with no external

soft-start.
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Figure 2. No External Soft-start

With the addition of Q1 and R, = 0.75Q, we get the results shown in Figure 3
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Increasing the value of R, to 1.5Q will increase the soft-start time and reduce the inrush current further.

This is seen in Figure 4.

Figure 3. With External Soft-start; R, = 0.75Q
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Figure 4. With External Soft-start; R, = 1.5Q

Since the external soft-start circuit stays in effect during the steady state operation, this puts a limit on the
maximum obtainable load current. Table 1 gives an idea of how the load current will change with change

in the value of Ry

Table 1. Max Steady state lgyr

Ra(Q) lour(A)
15 250mA
0.47 540mA

5 Conclusion

Thus we see that in situations where the inrush current needs to be limited and the maximum soft-start
time set by the IC is not enough, addition of external soft-start time is needed. The circuit demonstrated
does that and is able to limit the inrush currents.
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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 JESDA48, 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 Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl 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 Tl under the patents or other intellectual property of TI.

Reproduction of significant portions 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. Tl 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.
Tl 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 Tl and its representatives against any damages arising out of the use
of any Tl 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 Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl 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, Tl will not be responsible for any failure to meet ISO/TS16949.
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