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Maximum Output Current of the TPS62050
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ABSTRACT

The TPS62050 is a highly integrated synchronous step-down dc/dc converter capable of
delivering output currents up to 800 mA. However, the maximum output current is limited by
parameters such as ambient temperature, input-output voltage ratio, and switching
frequency. This application report provides the maximum allowable output current of the
TPS62050.

The maximum allowable output current of the TPS6205x is obtained in terms of various
conditions such as ambient temperature, input-output voltage ratio, and switching frequency.
The converter power loss (comprised of conduction loss, switching loss, and gate drive loss) is
dissipated as heat through the device package, resulting in an increased IC junction
temperature. Since the operational junction temperature of the TPS62050 is 125°C, the
maximum allowable output current is limited by the operational junction temperature. If the
junction temperature exceeds 145°C, the device enters a thermal shutdown mode to turn off the
step-down converter and to disable the controller. Thus, the maximum allowable output current
is limited by the junction temperature of 125°C and the package dissipation ratings. In terms of
the input-output voltage ratio, ambient temperature, and switching frequency, the total power
converter loss is calculated and the maximum allowable output current is obtained.

The following values are used for determining the maximum allowable output current:
* Input voltage and output voltages, V| and Vg (shown in the graphs)
* Ambient free-air temperatures (shown in the graphs)

* Switching frequency of 850 kHz (with 1.2 MHz, the maximum allowable output currents in the
graphs are reduced by 20 mA)

* Inductor of 10 pH

* Thermal resistance junction-to-ambient of 180°C/W. The thermal resistance changes with
board layout and copper plane area. Refer to the application report PowerPAD Thermally
Enhanced Package (SLMAO002) for PowerPAD package thermal performance.

PowerPAD is a trademark of Texas Instruments.
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Figure 1 shows the device power dissipation limit in terms of ambient temperature. The dotted
line in the figure is shown as an example. At 50°C, the device dissipation limit is 417 mW.
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Figure 1. Package Power Dissipation Limit

Figure 2 shows the total converter loss including PMOS conduction loss and NMOS conduction

loss when a load current of 800 mA at Ta = 50°C is applied.

The total converter loss reaches 550

mW, which is out of the safe region for the device. Thus, the load current should be derated from
800 mA to ensure the device operates in a safe operating region. In this case, the maximum
allowable current is 720~765 mA, depending on the input voltage.
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800 mA, Vg = 3.3 V)
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Based on the listed environmental parameters, the maximum output currents are obtained and
shown in Figure 3 though Figure 5.

Figure 3 shows the maximum allowable output current for Vg = 3.3 V. At Tp = 25°C or below, the
device is capable of delivering 800 mA as specified in the data sheet. At Ty = 40°C, the 800-mA
output current capability is degraded at about 4 V| since the power dissipation exceeds the
maximum limit of the device. At Tp = 85°C, the maximum output current should be further
decreased to 450~530 mA.

For output voltages of 1.8 V and 1.5 V, the maximum output currents are obtained and are
shown in Figure 4 and Figure 5, respectively. The maximum output currents shown in the figures
are continuous dc values.

When a pulsed load current is applied, the peak current can exceed the obtained maximum
output current (I,ax) as long as the load rms current (I;ys) is less than or equal to I,54x. For
example, if you have a pulsed load (1000 mA for 1 ms and 0 mA for 9 ms) under the conditions
of 10 V|, 1.5 Vo, and Tp = 50°C, it is acceptable under Tp = 50°C or below since the load rms
current (Iyms = 316 mA) is less than the calculated maximum output current (Imax = 745 mA). The
peak current should be less than 1400 mA.
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Figure 3. Maximum Output Currents for Vg =3.3V
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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 subjectto 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 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 TI 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 TI 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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