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ABSTRACT
This application report explains one method for minimizing the size of the ballast
resistors between two identical dc/dc converters that are tied, through these resistors,
to the same load.

In some applications, it may be more cost effective or thermally beneficial to parallel two lower current
dc/dc converters to drive a single high-current load instead of using a single higher current-rated
converter. However, all dc/dc converters regulate their output voltage to a dc set point (Vpcy) plus and
minus a tolerance percentage (TOLpcpc) up to their maximum-rated current. Therefore, simply tying the
outputs of the two converters to the same load does not always result in equal current sharing below each
converter’s maximum-rated current because the converter that is regulating high at Vpcy X (1+TOLpcpe)
attempts to provide all of the load current until reaching its current limit. As shown in Eigure 7],
load-sharing (ballast) resistors, Rsyare, l0cated between each converter’s regulated output and the load
are necessary in order to accommodate the difference in each converter’s regulated output voltage. This
application report explains one method for minimizing the size of the ballast resistors between two
identical dc/dc converters that are tied, through these resistors, to the same load. Minimizing the ballast
resistors is important for minimizing power lost in the resistors as well as minimizing Vprop = lpcx X Rsnare
which reduces the voltage seen by the load, V. The following assumptions were used to develop the
design equations:

1. Both dc/dc converters are the same and are set to the same nominal output voltage. Due to internal
voltage reference tolerances and external feedback resistor tolerances for adjustable devices, each
converter’s regulated output voltage is different.

2. Both dc/dc converters only source current, i.e., neither dc/dc converter can sink current, less than or
equal to their maximum-rated currents.

3. Both Rgyage resistors are the same value.
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Figure 1. Using Load-Sharing Resistors

If it is assumed that dc/dc converter 1 regulates at the high end of its tolerance while dc/dc converter 2
regulates at the low end of its tolerance, then Equation 1 gives the minimum share resistor value to
ensure that neither converter exceeds its maximum-rated current.

VDC X (2 X TOLDCDC)

R 2
X Ipcmax ~ lomax )

SHARE ~

Where
Vpc = the nominal output of each converter

V
TOLDCDC = TOLVREF +2 X [1 - %J X TOLRFB

TOLyrer = the tolerance of the dc/dc converter’s internal reference
Vrer = the nominal value of the dc/dc converter’s internal reference
TOLgeg = the tolerance of the external feedback resistors
Ibcmax = the maximum-rated current of the dc/dc converter
lomax = the maximum load current to be shared
The absolute minimum output voltage occurs in the unlikely event that both converters are regulating at

the low end of their tolerance and therefore are equally sharing the output load current. The equation
below computes this value:

I
OMAX . R

Voassmin = Vpe X (1 = TOLpepe) = —5 SHARE * (1 + TOLRSHARE) @

Where TOLgshare = the tolerance of the Rgyare-

Choosing a value for Rgyage iS @n iterative process in which Vpc is selected then Voagsmin iS computed. If
Voagsmin IS 100 low, Ve is incremented and Rgpyare recomputed until Voagsmin IS @bove the minimum
regulated voltage required by the application. Choosing converters and resistors with tighter tolerances
reduce the value of Rgyare and increase Voagsmin-

Due to the various combinations of the tolerances of each component, the actual output voltage varies
from board to board. Using the preceding equations to compute Rsyare €nsures that Vg is between Vpc
X (1+TOLDCDC) at no load and VOABSMIN at full load.
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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 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 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 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 Tl 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. 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:
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Clocks and Timers www.ti.com/clocks Digital Control www.ti.com/digitalcontrol
Interface interface.ti.com Medical www.ti.com/medical
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Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
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RF/IF and ZigBee® Solutions www.ti.com/Iprf Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright 2008, Texas Instruments Incorporated



