Advantages of the Highly-Programmable
DC/DC Controllers in the TPS65086x PMIC
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Introduction

To extend the battery life in portable applications,
designers continue to demand lower cost and
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higher-efficiency switching regulators. DC/DC buck
regulators are widely used as power management
modules for powering state-of-the-art industrial systems,
FPGAs, point-of-sale terminals and residential gateways.
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The power supply is a key system component that
continues to be optimized to reduce power consumption
during various modes of device operation. Higher levels of
on-chip integration have increased power dissipation and
power density of modules. Maximum power savings

is possible when each of the processor cores form
separate voltage domains and dynamic voltage scaling
(DVS) is applied to them individually. Regulators must also
support efficient standby/sleep mode control. This level of
fine-grain power control is essential for today’s portable
electronics. With the integration of power management ICs
(PMICs), designers are able to achieve major improvements
in power consumption, performance and space.

The TPS65086x is a highly programmable PMIC with wide
input-voltage support for its DC/DC controllers. It also supports
a large range of I°C-programmable output voltages that are
suitable for the various power domains in any typical processor
platform. The switching controllers also support the DVS, decay,
and connected standby modes, which are essential to provide
a low-power, highly-efficient power solution. Input supply to the
regulators range from narrow VDC (NVDC) or non-NVDC power
architectures, using 2S or 3S Lithium-lon battery packs (5.4 to
21V). Output voltage of the regulators range from 0.5 to 1.67 V
with DVS capability and has an option to support the same at
higher voltages—up to a maximum of 3.575 V. This wide input
and output voltage range of the converter allows a high level of
reconfigurability and reusability of the design in many portable
applications.

Operating Principles of Adaptive On-Time Control

Figure 1 shows the block diagram of the TPS65086x buck
controller. The power stage consists of external N-channel
MOSFETs as high-side and low-side switching devices, a filter
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Figure 1: Block diagram of a buck controller in the TPS65086x.

inductor and an output capacitor. The controller has high-
performance internal gate drivers to independently drive low-side
and high-side power MOSFETSs in a synchronous-buck or
half-bridge configuration. The low-side driver output swings
between the gate drive voltage (typically 5 V) and ground. The
floating high-side gate driver is referenced to the SW pin and is
capable of operating with supply voltages up to 28 V. The boot-
strap capacitor is designed to charge from the supply for the
low-side gate driver during the on time of the low-side MOSFET.

The buck controller in the TPS65086x has adaptive on-time
control. Desired on time for the regulator is continuously
computed by the control logic and based on the operat-

ing points (Vsys, Vout and load current). It supports low-cost
ceramic output capacitors with low ESR and has internal phase
compensation to ensure stability. The controller has a program-
mable switching frequency that ranges from 500 kHz to 1 MHz.
A higher switching frequency enables the converter to have
smaller output-filter components: Inductor (L) and output capaci-
tor (Cour). This ensures a low-cost and low-area solution. The
controller exhibits a maximum spread of +10% in switching-
frequency variation over a wide range of input and output volt-
ages. This enables the designer to choose lower values for the
filter inductor (e.g., 0.33 pH or 0.22 pyH) and a lower value of
output capacitor.
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Figure 2: Block diagram of adaptive on-time generation.
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Figure 3: Switching waveforms for adaptive on-time control.

Figure 2 and Figure 3 depict a block diagram for adaptive
on-time generation and its respective switching waveforms.
The controller’s power efficiency is an asset because it has
flexible options for light-load efficiency enhancements. These
options enable the controller’s ability to optimize its power
efficiency at the light- and medium-load current range.

Figure 4 below depicts measured power efficiency of the
controller for varied load currents and input voltages. The
light-load power efficiency is >80% for Vy ranging from

5.4 to 21 V. Efficiency drops down for the narrow range of load
current at the boundary of PFM mode and PWM mode, then
once the controller enters full PWM mode, efficiency gradually
decreases with the increasing load current.
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Figure 4: Buck controller power efficiency vs. load current.

Power Saving Modes
DVS Mode

Because of the ever-increasing need for higher efficiency,
adaptive-output voltage converters with DVS are needed to
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provide variable voltage with fast reference tracking. The buck
controller in the TPS65086x supports DVS from 0.5 to 1.67 V,

and the same controller is reconfigurable to an appropriate DVS
range when configured to a maximum output voltage of 3.575 V.
The regulator output slews up and down in digital-programma-
ble steps with a minimum DVS slew rate of 2.5 mV/us. Figure 5
depicts the DVS behavior. When the regulator is also commanded
through digital bits to decay down to zero volts, the output will
scale down to 0.5 V and then slowly decays the load current to
zero.
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Figure 5: DVS- and decay-mode waveforms.

Decay Mode

The buck controllers in the TPS65086x offer decay mode down
to a lower voltage when the feature is enabled through the digital
register. The decay mode is only used to transition slowly to a
desired lower voltage. This helps the regulator to conserve exist-
ing charge on the output capacitor and decay down slowly only
with the load current. The conservation of charge in the output
capacitor helps improve the energy efficiency of the regulator.
Figure 5 includes decay-mode scenarios, long decay during light-
load conditions and short decay during higher load conditions.
During decay, if the output voltage is still decaying, and if there
is a command for a new higher voltage, the regulator waits and
catches up with digital DVS steps. Furthermore, the output can
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normal operation after exiting decay operation; as opposed to
the entire regulator being disabled or powered down.

Ultra-Low-Quiescent (ULQ) Power Mode

The buck controller in the TPS65086x supports the automatic
PFM mode in light-load conditions to enhance power efficien-
cy. During idle time in the PFM mode, the internal circuits of
the regulator enters the sleep or power-down mode to reduce
standby current. The regulator immediately wakes when an
energy burst is demanded at the output. This feature offers a
seamless dynamic transition between PFM and PWM operation
under varying load currents.

Summary

The TPS65086x single-chip PMIC is an elegant, small-footprint
and low-cost solution that caters to new processors in systems
with NVDC or non-NVDC power architectures that are powered
by 2S or 3S Lithium-lon battery packs. The PMIC has 6 highly-
efficient step-down voltage regulators (3 integrated DC/DC
converters and 3 DC/DC controllers), a sink/source LDO, 2 LDOs
and 3 load switches. PMIC outputs are controlled by power-up
sequence logic to provide the proper power rails, sequencing,
and protection—including DDR3 and DDR4 memory power. The
IC has I°C interface, which supports simple control through an
embedded controller or by a SoC.

Important Notice: The products and services of Texas Instruments Incorporated and its subsidiaries described herein are sold subject to TI's standard terms and conditions of sale. Customers are advised to obtain
the most current and complete information about Tl products and services before placing orders. Tl assumes no liability for applications assistance, customer’s applications or product designs, software performance,
or infringement of patents. The publication of information regarding any other company’s products or services does not constitute TI's approval, warranty or endorsement thereof.

The platform bar is a trademark of Texas Instruments. B021014
All other trademarks are the property of their respective owners.

13 TEXAS
© 2015 Texas Instruments Incorporated INSTRUMENTS SLYT623



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 JESDA48, 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 Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl 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 Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl 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. Tl 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.
Tl 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 Tl and its representatives against any damages arising out of the use
of any Tl 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 Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl 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, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

