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A better bootstrap/bias supply circuit
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In some power-supply applications, the pulse width
modulator (PWM) controller is powered up by the
configuration in Figure 1 from an auxiliary winding
tapped off the power stage’s transformer. This
technique is used to reduce power loss and keep ”
the overall efficiency high. The auxiliary winding, 85_2'§'5N\E,Ac
D1, and C1 provide power and hold-up energy for
the PWM. Resistor R1 is used to trickle charge C1 o I S 3 +
off the input voltage. C1 has to be sized to hold up § V.
the supply voltage (Vi) long enough for the PWM out
to start switching the gate of the power MOSFET, _ '.:] =
causing energy to be stored in the power trans- 'ﬂ
former and delivered to the PWM’s V., through the
auxiliary winding. This technique is known as boot- Ve
strapping. However, at light-load conditions this UCC38C42
Cofm‘tlggllller

Figure 1. Traditional bootstrapping/bias supply

circuit is problematic for the power-supply designer.

Problems with traditional bootstrapping/
bias supply scheme =
Under light-load conditions, C1 has to supply all
the energy. C1 generally has to be large enough to
hold up Vi, for at least 10 switching cycles. However, C1. Reducing the size of R1 only increases losses and
under light-load and no-load conditions, the current into decreases the overall efficiency. Increasing the size of C1
the PWM (I,,) will discharge V., to the point that the only decreases the start-up time of the PWM. The circuit
PWM will go into undervoltage lockout (UVLO), causing in Figure 2 will reduce the size of the hold-up capacitor
the output to become unstable. The designer might think and provide power under no-load conditions while main-
that he can reduce the size of R1 or increase the size of taining high efficiencies at the converter’s full output power.

Figure 2. Adding series-pass regulator reduces size of C1
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Theory of operation

Electrical components C2, D2, R3, R4, R5, and T1 form a
series-pass regulator that provides power to the PWM’s
Vi, under light- to no-load conditions. Resistor R1 provides
current limiting to protect the series-pass transistor (T1).
All of these components together form a bootstrap/bias
supply circuit. The series-pass regulator is designed to
supply a bias voltage that is less than the bias voltage
developed by the auxiliary winding. When the auxiliary
winding starts to supply V., voltage, it produces a voltage
large enough to back bias the base emitter junction of T1,
causing the series-pass regulator to turn off. This circuit
enables the designer to take advantage of lower losses
from powering the PWM with an auxiliary winding and
also supplies energy to the control circuitry at light loads.

Setting up the circuit

First we set up the shunt regulator voltage. Knowing the
voltage from the auxiliary supply (V,;x), we can use the
following equation to calculate the shunt voltage (Vgpyn):

Vsaunt = Vaux —1V

It is important to note that Vgpyr minus V5 should not
exceed the maximum reverse voltage of the base-to-emitter
junction of T1. This information can be found in the tran-
sistor’s data sheet.

Once we have decided on the shunt voltage, we can
easily set up the series-pass regulator. To minimize losses,
R3 is typically sized to allow just enough current to bias
the shunt regulator. Typically this is set for twice the
shunt regulator’s minimal bias current (Ip,):

R3 = Vin — Vshunt
2xIpg

R4 and R5 program the shunt voltage. R4 can be selected
by choosing a resistor for R5 and plugging the reference

voltage (Vppp) into the following equation:

R4 = R5 % VSHUNT — VREF
REF

R1 limits the current through T1, protecting it from
overcurrent conditions. It can easily be selected based on
the maximum current rating (I, ,.) and Ohm’s law:

Rl= VSHUNT — VBE
I

max
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Figure 3. Lower bhias voltage provided by
R3 and D3
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Cl1 is typically sized for hold-up time (tyq; ppp) and can
be sized by knowing Vg;,q and the PWM’s UVLO and oper-
ating current (I):

c1 = Lec XtoLpup

C2 is a hold-up and filtering capacitor for most applica-
tions. A 1-pF ceramic capacitor will work fine for this
electrical component.

In some applications, due to efficiency requirements,
the power-supply designer may want the bias voltage to
run lower than the PWM integrated circuit’s turn-on
threshold. This would require an extra resistor and diode
(see Figure 3). R2 is a trickle-charge resistor used for
bootstrapping the PWM. It allows capacitor C1 to charge
up to the PWM'’s turn-on threshold voltage. Diode D3 is
required to ensure that T1’s maximum reverse base-to-
emitter voltage is not exceeded. It is also worth mention-
ing that the shunt voltage would have to be adjusted to
accommodate the forward voltage drop of D3.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) 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 Tl'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 Tl's
standard warranty. Testing and other quality control technigues 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 Tl components. To minimize the risks
associated with customer products and applications, customers
should provide adequate design and operating safeguards.

Tl 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 Tl 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 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 Tl 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.
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Safe Harbor Statement: This publication may contain forward-
looking statements that involve a number of risks and
uncertainties. These “forward-looking statements” are intended
to qualify for the safe harbor from liability established by the
Private Securities Litigation Reform Act of 1995. These forward-
looking statements generally can be identified by phrases such
as Tl or its management “believes,” "“expects,” “anticipates,”
“foresees,” “forecasts,” “estimates” or other words or phrases
of similar import. Similarly, such statements herein that describe
the company's products, business strategy, outlook, objectives,
plans, intentions or goals also are forward-looking statements.
All such forward-looking statements are subject to certain risks
and uncertainties that could cause actual results to differ
materially from those in forward-looking statements. Please
refer to Tl's most recent Form 10-K for more information on the
risks and uncertainties that could materially affect future results
of operations. We disclaim any intention or obligation to update
any forward-looking statements as a result of developments
occurring after the date of this publication.
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