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ABSTRACT
The boost converters in the TPS6510x (TPS65100, TPS65101, TPS65105) and the TPS6514x
(TPS65140, TPS65141, TPS65145) series use external loop compensation providing high flexibility in
LCD supply design. If designing a typical application scheme, use the recommended components from the
TPS6510x datasheet (SLVS496) and the TPS6514x datasheet (SLVS497). This application note gives a
deeper understanding on how to select the external components and how they can influence the
performance.

General Description of the Boost Converter
The boost converter as it is implemented in the mentioned devices is a voltage-mode regulator. Figure 1
shows a high-level circuit description of the power stage and the control loop. The following section
explains how this works.
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Figure 1. High-level Scheme Voltage-Mode Control
The output voltage from the feedback-divider is compared to a reference voltage Vref. The error between
the two voltages is amplified by the compensated error amplifier (gm1). This signal goes into the duty cycle
modulator (gm2) which drives the gate of the power switch. The compensation components are connected
to the COMP pin which is the output of the internal error amplifier gm1.
Compensating the right-half-plane zero (RHPZ) is the main complex problem that must be solved. This is
due to the nature of every boost converter. When the main switch Q1 is turned on, the inductor is
disconnected from the load for a longer period of time and this causes the output voltage to drop initially.
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Although the control signal is trying to increase the initial response of the output, it will react in a decrease.
Only after the time delay that corresponds to the RHPZ has passed will the output follow the control
signal. To limit the time delay, and therefore limit the RHPZ effect, the compensation circuit limits the
bandwidth of the LC filter and stabilizes the system.
The frequency of the RHPZ in a boost converter in continuous-conduction mode is defined as:

f RHPZ =

VO (1 - D)2
IO (2p ´ L)

where
•
•

•
•

VO is the output voltage
IO is the output current

æ VO - VI ö
ç
÷
ø
D is the duty cycle of a boost converter è VO
L is the inductance.

(1)

This formula shows that the RHPZ is dependent of the output power and the input voltage.
Note that the RHPZ decreases with higher output current and lower input voltage. For best performance,
calculate the worst-case scenario which means the highest output load and lowest input voltage.
The next step is to set the crossover frequency (ƒZ) that needs to be set by the RC components of the
compensation network. A reasonable approximation commonly used is:
f
f Z = RHPZ
10
(2)
A good start is to set CC = 1 nF for a 3.3-V input or CC = 2.2 nF for a 5-V input. Lower input voltages
require a higher gain; therefore, a lower compensation capacitor value.
To test the converters performance it is the best to apply a load step to the converters output. The images
in Figure 2 show the effect of different compensation components on the performance.
A larger compensation capacitor, such as 4.7 nF, corresponds to a slower response and a smaller
compensation capacitor corresponds to a faster response but lower gain.

spacerspacerspaceCC = 4.7 nFspacerspacerspacerspacerspacerspacerspacerspacerspacerCC = 1 nF

Figure 2. Load Transient Big-Small Comp Cap (Load Step: 50 mA – 150 mA – 50 mA)
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NOTE: If the device operates over the entire input voltage range from 2.7 V to 5.8 V, a large
compensation capacitor, up to 10 nF, is recommended.

Lastly the compensation resistor must be calculated. The formula can be derived from the crossover
frequency of an R-C- filter:
1
fZ =
2pCCRC

(3)

Reshaping this formula to get RC is:
1
RC =
2pCC f Z

(4)

Figure 3 and Figure 4 show how the load transient looks if you select incorrect RC components and
Figure 5 gives an example for an ideal selection.

Figure 3. Overcompensated → RC is Too Big
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Figure 4. Undercompensated → RC is Too Small

Figure 5. Ideal Selection of RC

4

How to Compensate With the TPS6510x and the TPS6514x
Copyright © 2016, Texas Instruments Incorporated

SLVA813 – August 2016
Submit Documentation Feedback

www.ti.com

Example Calculation for Notebook Supply Applications
VI = 2.7 V, VO = 10 V, IO = 300 mA, L = 3.3 µH, D = 0.73, Cc = 1 nF
1. Calculate RHPZ

f RHPZ =

10 V (1 - 0.73)2
= 118 kHz
0.3 A (2p ´ 3.3 m H)

2. Set crossover frequency:
f Z = 10 kHz
3. Calculate Rc:

RC =

1
= 15 kW
2p ´ 1 nF ´ 10 kHz

Example Calculation for Monitor Supply Applications
VI = 5 V, VO = 13.5 V, IO = 400 mA, L = 4.7 µH, D = 0.63, Cc = 2.2 nF
1. Calculate RHPZ

f RHPZ =

13.5 V (1 - 0.63)2
= 160 kHz
0.4 A (2p ´ 4.7 m H)

2. Set crossover frequency:
f Z = 16 kHz
3. Calculate Rc:
RC =

1
= 4.5 kW
2p ´ 2.2 nF ´ 16 kHz
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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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