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ABSTRACT

The TPS54120 uses current-mode control on the integrated step-down switcher. One of the benefits of
current-mode control is that system stability is easily achieved using Type-Il compensation design. Type-Il|
compensation further boosts the crossover frequency and phase margin and improves the transient
response of a current mode integrated buck converter. This application report explores Type Il and Il
compensation networks for the TPS54120.
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1 Introduction

The TPS54120 is a 17-V, 1-A, integrated synchronous step-down (buck) converter and low-dropout (LDO)
regulator. To improve performance during line and load transients the device implements a constant
frequency, peak current-mode control which also simplifies external frequency compensation. The wide
switching frequency range of 200 kHz to 1200 kHz allows for efficiency and size optimization when
selecting the output filter components.

Figure 1 represents a small signal model for the compensation network for the TPS54120. The error
amplifier is a transconductance amplifier with a gm of 1300 pyA/V. The resistor Roea (2.38 MQ) and
capacitor Coea (20.7 pF) model the open-loop gain and frequency response of the error amplifier. The
power stage transconductance gain (gmps) is 12 A/V for this device. This model is used to drive the
compensation poles and zeroes of the device.
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Figure 1. Small Signal Model for the Compensation Network

2 Compensation Network

The external compensation network of the TPS54120 must be compensated by the designer to ensure the
stability of the overall loop response. In power-supply design, a power supply is typically defined to be
stable if the gain margin is greater than 6 dB and the phase margin is greater than 45°. The requirement
for stability is typically met if the overall gain crosses 0 dB with a slope of —20 dB/Decade.

Figure 2 shows the typical open-loop system gain of the TPS54120 without compensation. The locations
of the two poles and zero are highlighted in Figure 2. The gain crosses 0 dB with a slope of —40
dB/Decade which is undesirable for the stability of the power supply, therefore, compensation is required
to reshape the gain and help stabilize the IC.
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Figure 2. Converter Gain Without Compensation
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3 Type Il and Type Ill Compensation Network

There are two types of compensation that can be used for the TPS54120: Type Il and Type Ill. The two
types are divided into two sub-types: A and B. Type lll, unlike Type Il, has an additional capacitor (Cc) on
the feedback network of the switcher (shown in Figure 3 and Figure 5). This capacitor adds another zero
and pole near the cross-over frequency. The additional pole is always placed at a higher frequency than
the zero. Type A, unlike type B, has an extra high-frequency pole; this pole is created by an additional
capacitor connected in parallel with the RC compensation network. For more details see Table 1.

3.1 Type ll Compensation

Figure 3 shows Type Il (A and B) frequency compensation circuit. Type lI-A has an additional capacitor in
parallel with R4 and C4.
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Figure 3. Type Il (A and B) Compensation Network for the TPS54120

Figure 4 shows a generic Type II-A compensation gain and converter gain with and without compensation.
This compensation network helps shape the profile of the gain with respect to frequency while also
providing a 90° phase boost. This boost is necessary to counteract the effects of the resonant output filter
at the poles of the converter.
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Figure 4. System Gain With Type II-A Compensation

SLVA503A—February 2011—-Revised May 2012 Understanding Compensation Network for the TPS54120 3

Submit Documentation Feedback
Copyright © 2011-2012, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA503A

13 TEXAS
INSTRUMENTS

Type Il and Type Ill Compensation Network www.ti.com

3.2 Type lll Compensation

Figure 5 shows a Type Il (A and B) frequency compensation circuit. Type llI-A has an additional capacitor
in parallel with R4 and C4.
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Figure 5. Type lll (A and B) Compensation Network for the TPS54120

Figure 6 shows a generic Type IlI-A compensation gain, and the converter gain with and without
compensation. Type lll networks use two zeros and two poles to shape the profile of the gain with respect
to frequency. The zeros give the compensated converter a 180° phase boost and help counteract the
effects of the resonant output filter at the poles of the converter.

Type llI-A
Compensation Gain

1

I

|

I

|

|

I

\
Converter Gain |

with Type Il A
Compensation

Gain dB

1
e
I Converter Gain
I Without Compensation
1 "
0 fp fz Frequency (Hz)
Figure 6. System Gain with Type IlI-A Compensation
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Conclusion

Table 1. Simplified Poles and Zeroes for Type Il and Type Ill Compensation

Compensation FrequencyResponses Pole/ZeroLocations
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4 Conclusion

The TPS54120 has an external compensation network. The designer must compensate this part to ensure

the stability of the overall loop response. Additional poles and zeros of the compensation network affect
the shape of the phase and gain response of the part. While Type Il compensation networks are sufficient

for achieving stability, Type Il networks can further increase the bandwidth of a system.
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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.
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