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ABSTRACT
TI’s LM5050-1 turns off the gate voltage (VGS) in about 50 ns, when there is a reverse current flow
detected from VOUT to VIN. The reverse current flow prevention is important and desirable for any OR-ing
controller to achieve the ideal diode functionality. Sometimes reverse current can flow undesirably,
subjected to load current value and input supply voltage and noise conditions (rise time, fall time), and so
forth, which may give rise to unstable an gate voltage on the LM5050-1.

The focus of this application report is to solve the VGS drop problem, when LM5050-1 is used in an
environment where input supply is subjected to wide fluctuations/fast input transients (EFT)/audio noise
over the DC input voltage.
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1 LM5050 Operation With Higher Load Current (Normal Operation)
The circuit in Figure 1 shows the Power OR-ing controller with the LM5050-1 and configured for the 1.2-A
load current with stable and noise-free input power supply. In this case, LM5050-1 perfectly enables the
VGS of the FET as expected and shown in Figure 2.

Figure 1. LM5050-1 Application Circuit

Figure 2. LM5050-1 Operation Showing VIN (20 VDC), VOUT, VGS, and IIN (1.2 A)
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2 LM5050-1 Operation With Pulsating VIN and With Lower Load
The same circuit as shown in Figure 1 is connected with 14-VDC input voltage with audio noise, these
kind of inputs are possible when there is AC signal (noise) rides over the DC input (VIN), as shown in
Figure 2 where input voltage fluctuates between 10 V to 18 V. Since the output load current is low (48
mA), and the output voltage dV/dt is lower than the input dV/dt, this causes VOUT to be higher than VIN
at some point and when this happens, there will be a reverse current flow detected by the LM5050-1,
which disables the gate signal (VGS-Gate-Source Voltage in Figure 3), the gate voltage falls and rises
with VIN. This unstable VGS is not desirable which fluctuates with VIN.

Figure 3. VGS Drops With Low IOUT (48 mA) and Noisy Input Voltage
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3 LM5050-1 With Unbalanced Input and Output Capacitor With Same Load
It is clear that if the VIN dV/dt (falling rate) can be made equal or lower than VOUT dV/dt (falling rate), the
reverse current from VOUT to VIN is avoided and hence the VGS fluctuations along with VIN can be
eliminated.

There are three possibilities to achieve the balanced dV/dt:
1. Reduce the VOUT capacitor
2. Increase the VIN capacitor
3. Increase the load current so that:

(dV/dt) falling at VIN ≤ (dV/dt) falling at VOUT

To prove this theory, the experiment is done with increased input capacitance (CIN) and the circuit in
Figure 1 is updated with 10x higher input capacitance than output, with 48-mA load current and tested.
The results in Figure 4 show this small modification keeps VGS pretty constant.

Figure 4. Stable VGS With 1-µF Input Capacitor and 0.1-µF Output Capacitor

The 10x capacitor ratio solves the problem in this case, but this ratio depends on the load current and how
quick the input variations are.

The faster input variation would need a larger input capacitor if load current is lower. In other words, the
higher load current would need a lower input capacitor.

4 Conclusion
The low cost LM5050-1 is the most widely used part for Power OR-ing Application. This device operates in
the sub-threshold regions when used in lower load current systems. The changes of VGS drop goes
higher when input supply voltage is subjected with frequent voltage fluctuations like audio noise over the
DC supply. These input variations may cause the reverse current flow from the load side to VIN, which
forces VGS drop. What really matters here is to avoid the reverse current flow to get the stable VGS. This
is achieved by making the falling rate of VIN slower than VOUT, by using a larger CIN than COUT.
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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 JESD48, 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 TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI 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 TI under the patents or other intellectual property of TI.
Reproduction of significant portions 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. TI 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.
TI 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 TI and its representatives against any damages arising out of the use
of any TI 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 TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI 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, TI will not be responsible for any failure to meet ISO/TS16949.
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