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Figure 1. Evolution of PDAs and average battery life

ollowing Moore’s Law, design innovations for portable electronics have
seen exponential growth for the highly integrated applications processor
cores in the latest PDAs, smartphones, and cellphones. From a system
design point of view, the increasing number of added functions has almost
doubled every couple of years, keeping pace with consumers’ voracious
appetites for innovative functions. Per Moore’s original theory, the total cost
of making a particular system functional must be minimized. To keep up
with these design challenges while maintaining costs, the engineering design
efforts are amortized by re-using the existing design and building upon new
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Highly integrated PMIC for applications processors

LP3970 Flexible, multi-function programmable power management unit
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* Standard interface to PXA27x processors
* Tiny, thermally enhanced LLP-48 package
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or added features. Today’s System-on-a-Chip (SoC)
solutions weigh heavily in the process of meeting
these challenges. Additional functions such as color
LCD displays with backlighting, audio subsystems,
camera functions, WLANSs, Bluetooth® communi-
cations, and other integrated RF/analog functions
have all stretched the battery power budget to its
limits for high-end consumer applications. With
the demand for converged voice, data, web-browsing
and audio/video playback functions, the challenge
in advanced power consumption management has
become critical. Figure 1 shows an evolutionary
path of the increasing number of functions and the
battery life expectancies.

Power-saving modes of previous-generation
processors

Power-saving modes were usually pre-programmed
within the processor and included doze mode,
burst mode, and sleep mode. For a PDA profile,
the system can process user-requested tasks (such as
touch-screen input) and then implement a standby
mode for the next touch-screen input. During the
standby period, only the LCD screen remains
active with the processor programmed for doze
mode, which would then be disabled via an inter-
rupt event. For burst-mode use in data polling
applications, the highest operating frequency
(worst case power consumption) on the processor
can be similarly lowered by reducing the CPU duty
cycle. Likewise, burst mode can be disabled during
an interrupt event. When a battery reaches a critical
low event or is turned off; the processor can be pro-
grammed into sleep mode, whereby all functions
except the real-time clock (RTC) would be in an
inactive state. For maintaining the correct date and
time functions, the RTC typically consumes less than
1 pA. Thus the power savings are solely performed
by the embedded processor’s firmware code.

Design considerations for conserving power
with applications processors

While applications processors have been the
panacea for SoC solutions, the low-power design
consideration rating is now measured in milliwatts
per Megahertz (mW/MHz) performance. Some of
these applications processors may have a minimum
0.08 mW/MHz ratio up to 0.42 mW/MHz. To
support additional power-saving features, it may
include integrated smart LCD displays which have
internal memory for buffering the image and an
independent controller that saves CPU cycles from
refreshing the image on display. Other methods are
made via a 0.13 micron fab process, thus reducing
power to the internal I/O and core voltages as well
as providing current leakage control. Other tech-
niques include lowering the CPU duty cycle and
frequency via power management software.

One example of using these techniques is
Intel's ARM®-based, PXA27x XScale® processor
architecture that directly scales back both voltage
and operating frequency “on the fly” via intelligent
switching to various low-power modes while still
maintaining necessary application performance.
With its six operating modes (normal, idle, deep
idle, standby, sleep, and deep sleep), the PXA27x
provides greater power savings. By implementing
separate power domains which can be switched on
and off independently, the PXA27x architecture
requires up to 10 separate power domains. By scaling
down the processor input core voltages and operating
frequency, the processor could provide as much as
a two-fold decrease in power drain. Usually a
processor has a power dissipation that is propor-
tional to the square of the core voltage input voltage
as defined by the following equation:

P=C (V)

where C = chip capacitance, V' = core voltage, and
f'= frequency.
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High-performance synchronous buck regulators

LM2852 2A SIMPLE SYNCHRONOQUS™ switching regulator

 Converts 2.7V to 5.5V input voltages to as low
as 0.8V with extremely low external compo- LM2852 Typical application circuit
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e Available in thermally enhanced, highly
reliable ETSSOP-14 packaging

Product Highlight:
Highly integrated, high-efficiency switcher is
very easy to use with few external components

LM3671 600 mA, 2 MHz synchronous buck regulator

e High switching frequency, ceramic capacitors,
and SOT23-5 package enables an extremely LM3671 Typical application circuit
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Product Highlight:
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While the PXA27x solution has power-saving
merits, the power management IC (PMIC) solution
will be encumbered by a long list of supply voltage
requirements, including 1.1V, 1.3V, 1.8V, 2.5V
and 3.3V. To support dynamic voltage scaling, the
PMIC will need an additional programmable output
power supply that ranges from 0.85V to 1.55V for
powering the core voltage. The programmable
range will have a resolution step-size value of 50 mV
to 100 mV (see Figure 2). With a common I>C bus
to the programmable registers, the PMIC simplifies
the interface for most appplications processors.

Choosing the rechargeable backup battery

The popular single-cell Lithium-Ion (Li-Ion) battery
carries a nominal 3.6V, with an actual range of 2.7V
to a fully-charged 4.2V. Other battery types that are
used for portable power design include Lithium
Polymer (Li-Pol), Lithium-Manganese Dioxide
(Li-MnOj) coin-cell batteries, and Nickel-Metal
Hydride (Ni-MH) batteries. Li-Ion batteries offer the
highest density per unit weight, but usually need
some form of protection circuit due to their volatility.
Li-Pol batteries have a thin-profile geometry.
Smartphones and cellphones have more mechanical
design flexibility for using a higher density battery
than the thin-profile dimensions of a PDA.

Choosing the power management devices

After evaluating the list of power requirements, we
see two main types of power topologies:

* Programmable low-dropout (LDO) regulators
for digital loads and RF loads, and a fixed
LDO for the backup battery voltage

* Programmable DC-DC switching regulators
for both light and heavy loads

For multiple sockets with both low input voltages
and low output current, integrating several LDOs in
a single chip using CMOS process technology is the
best choice. The LDOs should typically support a
100 mV dropout voltage. For driving RF circuitry,
an LDO should also be able to support low-output
noise, such as 100 pVrys per a given bandwidth.
There should also be an enable/disable function for
each LDO. When the LDO is disabled, the quies-
cent current should be in the pA range for extending
battery life.

Selecting a buck switching DC-DC regulator based
upon high efficiency and high current drive provides
a balanced approach to portable power. To minimize
power drain and battery life, it is beneficial to select
a PMIC device that supports about 90% efficiency
or better. To accomplish this, the PMIC device
needs to minimize switching losses via synchronous

Dynamic Voltage
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DC-DC Converter

SCL ™ 12C Bus FB

SDA «—»
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SwW vV
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Figure 2. Smart power management for driving the core voltage in applications processors
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High-efficiency DC-DC buck converters

LM2770 Switched capacitor buck regulator with sleep mode

e Multi-gain, gain-hopping architecture and low

lq sleep mode provide efficiency as high as 90% LM2770 Typical application circuit
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Product Highlight:
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size and efficiency

LM3200 Miniature adjustable buck converter with bypass mode
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rectification. This is done by using internal
MOSEFETs rather than the less-efficient conven-
tional Schottky diodes. Ironically, the MOSFET
device has its own high forward drop voltage due to
its internal body diode, but using a Schottky diode
in parallel helps prevent the forward drop losses. Of
course, in portable power applications, it is standard
to have the MOSFETs integrated into the PMIC.
The switching buck regulator needs to conserve its
current output drive by managing its duty cycle.
When the switching regulator drives heavier loads,
it can use PWM mode at a fixed frequency. During
light loads, the switching regulator can switch to a
lower frequency using PFM or pulse skipping
mode. The buck regulator should be able to operate
at a 100% duty cycle for supporting low dropout
control of the output voltage even when the input
voltage drops down to the lowest possible voltage.
As in the LDO scenario, switching buck regulators
need the enable/disable functions.

Another critical function is a backup battery charger
with onboard battery monitoring and automated

switching between the backup battery and the
LDO powering the Vcc parT. Fortunately, there
are integrated power management solutions that
meet the majority of the above functions. Newly
released solutions are offering powered SoC solu-
tions (see LP3970 example on page 2) compared to
previous solutions that required multiple PMICs
and did not support dynamic voltage management.

Additional system design power requirements

Applications processors usually support other external
peripherals, including external SRAM, Bluetooth,
WLAN/802.11x, camera interfaces, MMC/SD
cards, memory sticks, USB interfaces, external
graphics processors, LCD displays, and backlighting
displays (as shown in Figure 3). By organizing the
additional power supply requirements for these
peripherals, the design engineer can then make an
intelligent choice about whether or not the switching
DC-DC buck regulators and/or LDOs can supply
power to the additional supply rails. m

LCD interface
PMIC > Graphics > LCD display
engine
{L
SD/CF
LDO(s) >
memory card White LED backlit
management unit
> ) .| Flash/RAM and
Buck - v memory stick
regulator(s)
b _ Bluetooth®
« i module
PXA27x
e N XScale® ) - Audio
processor < 4 subsystem
< > Keypad
Backup 5
N battery "
T < = Camera

Figure 3. Power design considerations for an applications processor and system peripherals
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Power design tools
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WEBENCH?® online design environment

Our design and prototyping environment simplifies
and expedites the entire design process.

1. Choose a part
2. Create a design
3. Analyze a power supply design
— Perform electrical simulation
— Simulate thermal behavior
4. Build it
— Receive your custom prototype kit 24 hours later
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On-demand online seminars
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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 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 Tl 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 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 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. 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 TI for that product or service voids all
express and any implied warranties for the associated Tl 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 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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