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ABSTRACT

Power supply systems for most of today's latest applications must be able to manage how multiple output
voltages rise after input power is applied. These power supplies must also be capable of starting up into
preexisting external voltages present at the output. Another important requirement is supply voltage
margining, i.e., the ability of the power supply to momentarily adjust the output voltages to test the load
circuit over its supply voltage tolerances.

Board-mounted power modules, often referred to as plug-in modules, are offered by innovatively
packaging high-efficiency, synchronous rectifiers in order to minimize the printed-circuit board area. These
are available in surface-mount, vertical through-hole and horizontal through-hole styles. Features built into
these modules make it easy to include the preceding capabilities into the power supply. This application
report explains how these modules are able to meet the latest power system requirements with just a few
external components.

1 Margining

Margining is the process of dynamically testing the load circuit over its supply voltage range. This testing
demonstrates the load circuit's ability to tolerate small changes in the power supply voltages that may
occur over time and temperature. It ensures the rated performance with the supply voltage at the
threshold limits of its regulation band. The testing typically is performed by forcing the power supply
modules in the system to +5% of their nominal output voltage. Once the supply voltage has settled at the
margined voltage, the system performance is evaluated.

To better understand how margining is done, one must understand the circuit that is used to set the output
voltage in the plug-in modules. Figure 1 shows a portion of an output voltage divider and feedback
circuitry that is used for most modules. The output voltage is adjusted by a divider consisting of resistors
R1, R2, and RSET. The midpoint of the divider (R1 and R2+RSET) is connected to the inverting input of
the operational amplifier, which is used to process the error voltage between the internal reference voltage
Vref and the divider voltage. The voltage control loop of the module regulates the output voltage so as to
maintain the voltage at the midpoint of the divider equal to the reference voltage. By connecting an
external resistor between the Trim pin and GND, the divider ratio is changed, thus allowing adjustment of
the output voltage.
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Figure 1. PTH Module Feedback System
The value for RSET is calculated based on the following formula:
RSET = R1kQ x — T _Roka
Vout — Vref (1)

Because the values of reference (Vref), R1 and R2 are internal to the module, the equation of RSET
varies from module to module.

For example in PTH03010W, the formula is:

RSET =10 kQ x L —-2.49 kQ
Vout - 0.8 (2
In PTHO8T230W, the formula is:
RSET =10 kQ x L -143 kQ
Vout — 0.69 3)

To implement margining, the divider is changed by small amounts to obtain the desired margining
voltages. The PTHxx060W, PTHxx010W, PTHxx020W, and PTHxx030W plug-in modules incorporate
Margin Up and Margin Down control inputs. These controls allow the output voltage to be adjusted
momentarily, either up or down, by a nominal 5%. The +5% change is applied to the adjusted output
voltage, as set by the external resistor, Rset at the Vo Adjust pin. The 5% adjustment is made by pulling
the appropriate margin control input directly to the GND terminal. A simple n-channel MOSFET is
recommended for this purpose (see Figure 2). Adjustments of less than 5% can also be accommodated
by adding series resistors Ru and Rd to the control inputs. The value of the resistors can be calculated
using the following formula.

Ru = 499 -99.8 kQ Rd = 499 -99.8 kQ
A% A% @)
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Figure 2. PTH Module With Margin Up and Margin Down

If the modules do not have margining pins, use the circuit arrangement as shown in Figure 3. A resistor
Ru is connected in series with a n-channel FET Q1 between the trim pin and ground to margin up or
slightly increase the output voltage. A p-channel FET in parallel with a resistor Rd which is in series with
the RSET to between TRIM and ground helps to margin down or slightly decrease the output voltage.
Under normal operation, both FETs are kept off. Because the input on the gate is low under normal
conditions, Q2 is on and allows normal operation. Table 1 summarizes the truth table.

Table 1. Truth Table

Q1 Q2 | Output
Low Low | Vout
High Low | Margined Up Voltage
Low High | Margined Down Voltage
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Figure 3. PTH Module with Margin Up and Margin Down

The values of Rd and Ru are determined using the following equations. Use the RSET equation from
PTRO08100 data sheet (SLTS284) as an example.

negr o 1165
Vout — 0.591
RSET + Rd = 01'165 kQ
Vout—{ A% x Vout| ) 4 5o
100
RSETxRu _ 1.165 Q
RSET+R 9
! [VOUH {M’:oglom}j—o.sm

®)
Similar equations can be derived for other modules depending on the RSET equation.

2 Prebias Start-Up
A prebias start-up condition occurs as a result of an external voltage being present at the output of a

power module prior to its output becoming active. Consider a basic synchronous buck converter as shown
in Figure 4.
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Figure 4. Application Circuit for Prebias Start-Up

Vo comes up first, and applies core voltage through the series diodes before the core’s converter is
enabled. This is a prebias condition. When the converter's PWM controller is enabled, it soft-starts the
high-side FET, and its duty cycle (D) ramps gradually from zero to that required for regulation. However, if
during soft-start, the synchronous rectifier (SR) FET is on when the high-side FET is off (SR FET duty
cycle = 1 - D), the SR sinks current from the output (through the inductor), tending to cause both the core
and /O voltages to drop.

Figure 5 shows another typical application circuit of PTHO8T230W. This often occurs in complex digital
systems when current from another power source is backfed through a dual-supply logic component, such
as an FPGA or ASIC. Another path may be via clamp diodes as part of a dual-supply, power-up
sequencing arrangement.
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Figure 5. Application Circuit of PTHO8T230W for Prebias Start-Up

Most of the plug-in modules from Texas Instruments incorporate synchronous rectifiers, but do not sink
current during start-up, or whenever the Inhibit pin is held low. During start-up, the output current is
negligible until the output voltage rises above the voltage backfed through the intrinsic diodes. However, to
ensure satisfactory operation of this function, certain conditions must be maintained. When the module is
under Auto-Track control, it sinks current if the output voltage is below that of a back-feeding source. That
is why this feature is incompatible with Auto-Track.

To ensure a prebias holdoff, one of the following two approaches must be used when input power is
applied to the module.

1. The Auto-Track function must be disabled or
2. The module’s output held off (for at least 50 ms) using the Inhibit pin.
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Either approach ensures that the Track pin voltage is above the set-point voltage at start-up. The following
list ensures a start-up into prebias condition.

1. Start-up includes the short delay (approximately 10 ms) prior to the output voltage rising, followed by
the rise of the output voltage under the module’s internal soft-start control. Start-up is complete when
the output voltage has risen to either the set-point voltage or the voltage at the Track pin, whichever is
lowest.

2. To ensure that the regulator does not sink current when power is first applied (even with a ground
signal applied to the Inhibit control pin), the input voltage must always be greater than the output
voltage throughout the power-up and power-down sequence.

3. The Auto-Track function can be disabled at power up by immediately applying a voltage to the

module’s Track pin that is greater than its set-point voltage. This can be easily accomplished by
connecting the Track pin to V,.
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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.

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 TI 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 Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com

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