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USE A DC/DC SWITCHER BETWEEN A SINGLE-CELL LITHIUM-ION BATTERY
AND A POWER AMPLIFIER TO GENERATE LESS HEAT AND INCREASE EFFICIENCY
AND TALK TIME FOR A GIVEN BATTERY SIZE.

ingle-cell lithium-ion batteries traditionally
have powered RF (radio-frequency) linear
power amplifiers in cell phones. Although
the use of these linear power amplifiers can
help to meet the specification limits for lin-
earity and ACPR (adjacent-channel power
ratio) and ACPL (adjacent-channel pow-
er-leakage) ratio, their low power-added ef-
ficiency can drain the main battery, cause
thermal issues, and reduce talk time. This article aims to demon-
strate the benefits of using a dc/dc switcher between the battery
and the power amplifier by using dynamic voltage scaling. The
resulting increase in efficiency corresponds to less generated heat
and increases the talk time for a given battery size.

TABLE 1 USER-EQUIPMENT POWER CLASSES

Maximum user-equipment
Power class output power (dBm/mW)
1 33/2000
2 27/550
8 24/250
4 21/130
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RF power amplifiers, whether in 2G
TDMA GSM communication, EDGE,
or 3G UMTS WCDMA, use linear
Class A or Class AB power amplifiers
with relatively low efficiency at maxi-
mum output power and even lower ef-
ficiency at lower output power. When
the main battery directly powers these
amplifiers during transmitting mode,
they draw the most power from the bat-
tery in a cell phone. This power con-
sumption effectively depletes the bat-
tery and causes a reduction in available
talk time. As cellular handsets get more
features, such as GPS, cameras, televi-
sions, MP3 players, and e-mail capabil-
ity, reducing the power draw from the
power amplifier can help in the design
of handsets with more features and
functions.

One of the main challenges design-
ers face with today’s mobile handsets is
how to design a phone with more fea-
tures and increase the talk time with
same-capacity batteries. Meanwhile,
designers must maintain a balance be-
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Figure 1 Dual-stage or multistage power
amplifiers can have levels for low-,
medium-, and high-power transmitting
modes and are usually more expensive
than a single-stage power amplifier.

tween linearity at high-power mode
and efficiency requirements in their
new phone designs. Cell phones are
usually in Power Class 2. Devices in
this class have maximum allowable RF
power output of approximately 27 dBm,
or 550 mW (Table 1).

With 27 dBm, or 550 mW/, of output
RF power for Class 2 units, the power
loss in an amplifier with a power effi-
ciency of 44% is approximately 700
mW,; input power is approximately
1.25W. Managing 700 mW of power
dissipation within an RF-power-am-
plifier section is both challenging and
costly.

Most WCDMA or EDGE hand-
set phones use multiple modulation
schemes to handle higher data rates
and spend little time transmitting at
full power. However, power-added effi-
ciency at low to medium output power,
rather than high-power power-added
efficiency, dictates talk time. The qui-
escent current at low output power and
the current consumption at power of O
to 16 dBm are also important for talk
time.

One approach to reducing the pow-
er loss within an RF power amplifier is
to use a dual-stage design. In this de-
sign, each stage obtains the highest ef-
ficiency at either low or high power.
You can increase the output power of
these dual power amplifiers to a desired
transmitting power at the beginning
of the transmission burst and adjust it
back to the low level when the trans-
mission burst ends. Dual-stage or multi-
stage power amplifiers can have differ-
ent levels for low-, medium-, and high-
power transmitting modes and are usu-
ally more expensive than a single-stage
power amplifier (Figure 1).

Integrating two parallel power am-
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AT A GLANCE

Bl Low power-added efficiency

in single-cell lithium-ion batteries
can drain cell phones’ main battery,
cause thermal issues, and reduce
talk time.

Bl One approach to reducing the
power loss within an RF power
amplifier is to use a dual-stage
design, in which each stage
achieves the highest efficiency
at either low or high power.

Bl Integrating two parallel power
amplifiers can improve the efficien-
cy under both low- and high-power
transmitting conditions and can
maintain linearity.

Meeting a specification of
approximately —39 dBc helps to
improve voice quality and minimize
the power amplifier’s distortion,
which causes interference with
neighboring radio channels.

plifiers—one for output power greater
than 16 dBm and the other for output
power less than 16 dBm—can improve
the efficiency under both low- and
high-power-transmitting ~ conditions
and can maintain linearity, with only
one switched-on power amplifier. Ap-
propriate load impedance terminates
both low- and high-power amplifiers to
achieve optimal efficiency in both low-
and high-power modes (Figure 2).
Traditionally, in multistage RF-pow-
er-amplifier designs, the power ampli-
fier directly connects to the battery. A
power detector or a
coupler samples the
signal at the select-
ed interior section
of the amplifier
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VCC

proach remains at the same battery-
voltage level during all levels of power
transmission. Each cellular phone ad-
justs its RF output power to keep the
effective SNR (signal-to-noise ratio)
at the base station the same for each
phone.

The addition of the coupler is a di-
rect indication of the output signal, but
it requires the insertion of a component
in series with the output signal, result-
ing in reduced power-added efficiency.
When the impedance of the amplifier
load is improperly matched, the cou-
pler or power detector measures a volt-
age that could have some errors and
does not accurately predict the output
power.

An alternative to using battery volt-
age to supply the amplifier’s common-
cathode voltage to improve the pow-
er amplifier’s efficiency is to use a dc/
dc switching converter with dynam-
ic voltage scaling to supply the opti-
mal voltage to the amplifier (Figure
3). Power-added efficiency is a ratio of
the RF output power to the sum of the
dc power and RF input power, which
you can see when the power amplifier
connects directly to the battery, ver-
sus a scenario in which the output of a
dc/dc switcher replaces the dc pow-
er. Lowering the output voltage of the
dc/dc switcher yields an increase in the
amplifier’s overall efficiency. This step
reduces output current, which the pow-
er amplifier draws, and results in a low-
er input current draw from the battery
due to the dc/dc converter’s inherent

and outputs a feed-
back signal that re-
flects the power of
the signal at that
interior  section.
The baseband-chip
processor then ad-
justs the amplified
signal output at a

RF INPUT O

LINEAR POWER AMPLIFIER

HIGH-POWER AMPLIFIER

RF OUTPUT

LOW-POWER AMPLIFIER

proper power lev-
el to maintain the
output power with-
in system specifica-
tions. Notice that
the power-supply
level in this ap-
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Figure 2 An appropriate low impedance terminates both
low- and high-power amplifiers to achieve efficiency at both
low- and high-power modes.
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higher efficiency. Because any power
amplifier usually transmits low power
levels, dynamic voltage scaling can op-
timize the amplifier’s efficiency at all
power levels using a low-cost, single-
stage power amplifier.
Figure 4 shows how a base station
measures the uplink- and downlink-
signal strength
from the hand-

set and forces
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the handset to
find an appro-
priate DAC
output from the
look-up  table
to drive the
control voltage,
which enters the
dc/dc switching
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regulator  and
therefore adjusts
the power ampli-

Figure 3 Instead of using battery voltage to supply the amplifier’s fier’s common-

common-cathode voltage, you can use a dc/dc switching con-
verter with dynamic voltage scaling to supply the optimal voltage

to the amplifier.

collector  vole-
age for optimal
efficiency. With
dynamic voltage

scaling, the output voltage must vary as
the transmitted power levels change to
meet the ACPR/ACPL specification.
ACPR/ACPL is the ratio of the power
spectral density of the main channel to
the power spectral density at several off-
set frequencies.

Meeting a specification of approxi-

LOWERING THE OUT-
PUT VOLTAGE OF THE
DC/DC SWITCHER
YIELDS AN INCREASE
IN THE AMPLIFIER’S
OVERALL EFFICIENCY.

mately —39 dBc helps to improve voice
quality and minimize the power ampli-
fier’s distortion, which causes interfer-
ence with neighboring radio channels.
In this approach, when the base sta-
tion commands the handset to change
the transmitted output radio frequen-
cy based on the measured signal from



the phone, the handset processor ad-
justs the RF power into the amplifier
by changing the analog control signal
from the baseband DAC to obtain the
best RF-power-amplifier efficiency.

Buck regulators require several key
features to power an RF-power-ampli-
fier section. First, the power amplifier
most often operates in the 5- to 10-
dBm, or 3.2- to 10-mW power level—
not 27 dBm, or 550 mW. Therefore, a
useful target for improving amplifier
efficiency is to use a dc/dc switching
regulator with high efficiency over a
wide load range. Buck regulators must
also have switching frequencies great-
er than 6 MHz, depending on the fre-
quency band. This frequency can mini-
mize the effects of harmonics on the RF
bands (Table 2 and Figure 5).

Third, the bypass FET (field-effect
transistor) must have an on-resistance
of less than 35 mQ. When the battery
is low and the dc/dc switcher goes into
a bypass mode, a low-on-resistance by-
pass FET allows full usage of the lith-
ium-ion battery. The buck regulators
also must exhibit duty-cycle operation
of 10% for output voltages of 0.4V and
low spurious signals.

The operating frequency of 6 MHz
corresponds to lower spurious noise
than that of lower-operating-frequen-
cy regulators. Dynamic-output-voltage
adjustment allows better efficiency by
adjusting the output voltage of the reg-
ulator based on the RF output power
(Figure 6).

Fast turn-on is also important. When
using a dc/dc switching converter to
power the RF power amplifier, the key
transient parameter is the control-volt-
age transient, which changes the out-
put voltage from a low value to a high-
er value, or vice versa, without under-
shoots or overshoots and within the
target time (Figure 7).
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Figure 4 A base station measures the uplink- and downlink-signal strength from the
handset and forces the handset to find an appropriate DAC output from the look-up
table to drive the control voltage, which enters the dc/dc switching regulator and
therefore adjusts the power amplifier’s common-cathode voltage for optimal efficiency.
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Figure 5 A frequency greater than 6 MHz can minimize the effects of harmonics on the

RF bands.

TABLE 2 FREQUENCY-BAND RATES

Frequency band
1

N o B WD
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Uplink (MHz)
1920 to 1980
1850 to 1910
1710 to 1785
1710 to 1755
824 to 849
830 to 840
880 to 915

Downlink (MHz)
2110 t0 2170
1930 to 1990
1805 to 1850
2110 to 2155

869 to 894
875 to 885
925 to 960
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Figure 6 Dynamic output-voltage adjustment allows better efficiency by adjusting the
output voltage of the regulator based on the RF output power.
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Figure 7 When using a dc/dc switching converter to power the RF power amplifier,
the key transient parameter is the control-voltage transient, which changes the output
voltage from a low value to a higher value, or vice versa, without undershoots or over-

shoots and within the target time.

Many cell-phone designs use single-
stage RF power amplifiers with the bat-
tery as the supply rail. Adding dynamic
voltage scaling to the RF power ampli-
fier’s supply rail is another effective way
to increase the power-added efficiency,
reducing the generated power loss with-
in an RF section and increasing the
talk time for a lithium-ion battery using
a single-stage, low-cost power ampli-
fier. Integrating the dynamic-voltage-
scaling switching regulator with a mul-
tistage RF power amplifier is another
approach.EDN
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