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ABSTRACT

The TPS6206x internal compensation network is optimized for an LC output filter composed of a 1-pyH
inductor and a 10-uF ceramic capacitor. The device is designed to operate with nominal inductor values of
1 pH to 1.2 pH and with ceramic capacitor values of 10 pF to 22 pF. By selecting the proper feedforward
capacitor, a wider range of output inductors and capacitors can be used with the TPS6206x. Adjusting
these three components can optimize the device for smaller solution size, faster load-step response, lower
output voltage ripple, increased output current, and/or increased control loop stability. This application
report can be used with any of the TPS62060, TPS62065, or TPS62067 3-MHz, synchronous step-down
converters.

Reducing Solution Size

The output inductor is the largest component in the power supply, covering approximately 30% of the total
area. Choosing an inductor with a smaller package has the greatest impact on the solution size. Table 1
shows different LC filter combinations that have been tested with the TPS62065. A stable design can be
achieved with inductances as low as 0.56 pH.

Table 1 was generated with extensive laboratory testing of the various inductor and capacitor values. The
corner frequency (Equation 1) of each LC combination is listed in each cell. Cells shaded white are
recommended by the data sheet. The data sheet’s recommendations produce a recommended corner
frequency between 31 kHz and 50.3 kHz. Other LC combinations that yield corner frequencies within this
range are shaded in green and can produce stable designs with an appropriate feedforward capacitor
(Cff). Cells shaded in grey have produced stable designs in the laboratory (with a Cff), whereas cells
shaded in blue are unstable and not recommended. The data in Table 1 is taken with a 5-V input and a
1.8-V output with a load current of 1.6 A.
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Lower inductances are typically available in smaller packages. However, the inductor saturation current
typically decreases with decreasing volume. With lower inductances, the ripple current in the inductor is
higher, resulting in higher peak currents that can saturate the inductor or trip the IC’s current limit. The
inductor must be selected carefully so its saturation current is higher than the peak inductor current. Also,
it is important to note that as the inductor volume decreases, ac and dc losses generally increase due to
an increase in ripple current and DCR. An increase in these losses reduces the efficiency of the converter.
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Table 1. TPS62065 Stability with Different LC Corner Frequencies

Capacitance Value
nductance 22 uF a7y | 104F 220F | 47F 100 uF
Corner Frequencies
0.56 pH 143.4 kHz 98.1 kHz 67.3 kHz 45.3 kHz 31.0 kHz 21.3 kHz
0.68 pH 130.1 kHz 89.0 kHz 61.0 kHz 41.1 kHz 28.2 kHz 19.3 kHz
1.0 pH 107.3 kHz 73.4 kHz 50.3 kHz 33.9 kHz 23.2 kHz 15.9 kHz
1.2 pH 98.0 kHz 67.0 kHz 45.9 kHz 31.0 kHz 21.2 kHz 14.5 kHz
1.5pH 87.6 kHz 59.9 kHz 41.1 kHz 27.7 kHz 19.0 kHz 13.0 kHz
1.8 pH 80.0 kHz 54.7 kHz 37.5 kHz 25.3 kHz 17.3 kHz 11.9 kHz
2.2 pH 72.3 kHz 49.5 kHz 33.9 kHz 22.9 kHz 15.7 kHz 10.7 kHz
Legend:
Recommended in data sheet
Stable with Cff (outside recommended LC corner frequency range)
Stable with Cff (within recommended LC corner frequency range)
Unstable

Optimizing Load-Step Response

The load step response can be optimized for a lower voltage droop or for a faster response. During a load
step, the output capacitor needs to supply the load with current until the regulator can increase its output
current to react to the change. A larger capacitor is able to provide this current with a smaller amount of
output voltage droop; however, a smaller capacitor increases the bandwidth of the device and provides a
faster response. Figure 1 shows TPS62065 load-step responses using a (a) 2.2-puF and (b) 22-pF output
capacitors with a 1-uH inductor. The response with the 22-uF capacitor has approximately 50% less
voltage droop but is significantly slower.
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Figure 1. TPS62065 Load-Step Response Using (a) 2.2-uF and (b) 22-uF Output Capacitors

Reducing Output Voltage Ripple

The output voltage ripple is given by Ve = ligse X Zcap- A larger ceramic output capacitor has a lower
impedance (Equation 2) at the switching frequency, reducing the output voltage ripple. Figure 2 shows the
output voltage ripple with (a) 2.2-uF and (b) 22-uF output capacitors and a 0.68-uH inductor. Ignoring
high-frequency spikes, the larger capacitor has about 30% less ripple.
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Another way of reducing the output voltage ripple is to reduce the current ripple. The current ripple is
inversely proportional to the inductance. Therefore, increasing the inductor value also reduces the voltage
ripple.
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Figure 2. Output Voltage Ripple With (a) 2.2-uF and (b) 47-uF Output Capacitors

Increasing Maximum Output Current

The peak inductor current can be calculated using
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For a TPS62065 design with a 5-V input, 1.8-V output, 2.75-A peak inductor current (the IC’s current limit),
and the recommended 1-pH inductor, I, ma = 2.56 A. Using a 2.2-pH inductor decreases the peak-to-peak
output current ripple by 210 mA, allowing 2.66 A of output current.

Feedforward Capacitor Selection

Figure 3 shows a typical TPS62065 application circuit. Along with resistors R1 and R2, the required
feedforward capacitor (Cff) adds a zero and a pole to the closed-loop transfer function of the TPS6206x.
This provides a phase boost that reaches a maximum at the geometric mean of the pole and zero
frequencies. The application report Optimizing Transient Response of Internally Compensated dc-dc
Converters With Feedforward Capacitor (SLVA289) details the process of empirically selecting a
feedforward capacitor for an internally compensated converter.

TPS62065
Vy=29Vto6V 1.0 uH Vour =18V

PVIN  gw
AVIN

EN
MODE

10 uF AGND
PGND

Figure 3. Typical TPS62065 Application Circuit
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For optimum stability, Cff selection is a two-step process. First, the crossover frequency with an
unpopulated Cff needs to be measured. Once the crossover frequency is determined, Equation 4 is used
to calculate the Cff that provides the maximum phase boost at the crossover frequency.

Cffop=; « | (L+Lj
2n *frocg  VR1  \R1 R2

“

Table 2 shows recommended Cff values and measured crossover frequencies and phase margins for
different LC output filter combinations. This data was taken with a 5-V input, 1.8-V output, and 1.6 A of
output current. Different operating conditions affect the loop response of the system. In each cell, the
optimal feedforward capacitor (Cff), loop bandwidth, and phase margin are listed. Phase margins above
30 degrees are considered stable. However, some LC combinations with phase margins slightly less than
30 also were considered stable. In these cases, the phase remained close to 30 degrees at frequencies
several decades higher than the crossover frequency.

Table 2. TPS62065 Measured Stability Data, Vin =5V, Vout =1.8 V, lout =1.6 A

Capacitance Value
'”d\‘;glfgce 2.2 uF 47 uF 10 pF 22 uF 47 uF 100 pF
Cff, BW, PM
2.7 pF 3.9 pF 4.7 pF 10.0 pF 15.0 pF 33.0 pF
0.56 pH 396.5 kHz 252.5 kHz 193.2 kHz 86.7 kHz 63.5 kHz 53.6 kHz
48.8° 55.2° 57.0° 54.2° 40.5° 29.6°
2.7 pF 3.9 pF 5.6 pF 10.0 pF 15.0 pF
0.68 pH 402.4 kHz 247.9 kHz 204.6 kHz 90.5 kHz 62.1 kHz
48.8° 55.8° 58.3° 57.8° 48.4°
3.3 pF 4.7 pF 5.6 pF 12.0 pF 22.0 pF
1.0 pH 342.6 kHz 227.1 kHz 188.4 kHz 88.3 kHz 55.2 kHz
52.7° 55.6° 54.8° 45.2° 29.8°
3.9 pF 5.6 pF 8.2 pF 15.0 pF
1.2 yH 275.6 kHz 177.5 kHz 144.4 kHz 73.6 kHz
51.0° 50.1° 49.5° 29.8°
3.9 pF 5.6 pF 8.2 pF 15.0 pF
1.5pH 248.5 kHz 168.1 kHz 133.0 kHz 63.7 kHz
54.4° 51.7° 50.3° 28.2°
4.7 pF 6.8 pF 8.2 pF
1.8 pH 230.9 kHz 152.3 kHz 117.0 kHz
52.4° 48.8° 45.1°
4.7 pF 6.8 pF 8.2 pF
2.2 yH 216 kHz 148 kHz 111 kHz
52.4° 48.8° 44.8°
Legend:
Stable
Unstable

The inductors used to gather the stability data are listed in Table 3. The output capacitors were 6.3-V
ceramic X5R. Due to the dc bias effect, the actual capacitances are lower than the values listed.

Table 3. Inductors Used for Stability Data

Inductance (uH) Description
0.56 Coilcraft LPS4018-561
0.68 Coilcraft LPS4012-681
1.0 Murata LQH44PN1RONPOL
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Table 3. Inductors Used for Stability Data (continued)

Inductance (uH) Description
1.2 Coilcraft LPS5030-122
15 Coilcraft LPS4012-152
1.8 Coilcraft LPS5015-182
2.2 Coilcraft LPS4018-222

Optimizing Cff for Higher Bandwidth

At the expense of phase margin, a larger Cff can increase the bandwidth of the device. The feedforward
capacitor can be increased as long as the phase margin is higher than 30 degrees. Figure 4 shows the
closed-loop frequency responses with a 0.68-uH, 10-uF LC filter and a (a) 5.6-pF and (b) 47-pF Cff
capacitor. With the larger capacitor, the loop bandwidth is increased by 73.2 kHz while the phase margin
is decreased by 3.67 degrees.
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Figure 4. Closed Loop Frequency Response With (a) 5.6-pF and (b) 47-pF Feedforward Capacitors

The user must empirically measure power supply performance after modifying the external components. A
large increase in feedforward capacitance increases ringing during load transients. The application report
SLVA289 provides detailed information regarding the effects of varying the Cff value.

Conclusion

By choosing the appropriate external components, a TPS6206x design can be optimized for smaller
solution size, faster load-step response, lower output voltage ripple, increased output current, and/or
increased control loop stability. Following the outlined empirical method, the feedforward capacitor is
selected to ensure stability with the LC combination of the design.

References

1. Optimizing Transient Response of Internally Compensated dc-dc Converters With Feedforward
Capacitor application report (SLVA289)

2. TPS62065/7, 3-MHz 2A Step Down Converter in 2x2 SON Package datasheet (SLVS833)

SLVA441-September 2010 Optimizing TPS6206x External Component Selection 5
Submit Documentation Feedback
Copyright © 2010, Texas Instruments Incorporated


http://www.ti.com/lit/pdf/SLVA289
http://www.ti.com/lit/pdf/SLVA289
http://www.ti.com/lit/pdf/SLVS833
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA441

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 TI 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 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 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. 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 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

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated


http://amplifier.ti.com
http://www.ti.com/audio
http://dataconverter.ti.com
http://www.ti.com/automotive
http://www.dlp.com
http://www.ti.com/communications
http://dsp.ti.com
http://www.ti.com/computers
http://www.ti.com/clocks
http://www.ti.com/consumer-apps
http://interface.ti.com
http://www.ti.com/energy
http://logic.ti.com
http://www.ti.com/industrial
http://power.ti.com
http://www.ti.com/medical
http://microcontroller.ti.com
http://www.ti.com/security
http://www.ti-rfid.com
http://www.ti.com/space-avionics-defense
http://www.ti.com/lprf
http://www.ti.com/video
http://www.ti.com/wireless-apps

	Optimizing TPS6206x External Component Selection



