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It can be seen from the figures that approximately 25% of
battery capacity is available above 1.35V, 75% is available
above 1.2V, and 85% of capacity is available above 1.1V. 
This leads to several possible power regulation options:
1. The Radio may be powered directly from two Alkaline cells. 

This is generally the lowest cost option, but will require 
batteries to be changed with most of the capacity unused.

2. The Radio may be powered from four or more Alkaline 
cells through a linear voltage regulator. Using a 3.0V 
regulator will allow the full capacity of the battery to be 
used. A 3.3V low dropout regulator (LDO) will still allow 
almost all the battery capacity to be utilized.

3. The Radio may be powered from three Alkaline cells 
through an LDO. Choice of regulation voltage will depend 
on a trade-off between cost and the amount of the battery 
capacity the designer is prepared to leave unused. 
A 2.85V, 5% regulator with a 100-mV drop-out voltage will 
provide access to 90% of the batteries rated capacity. Use 
of a 3.3V regulator with a 250-mV drop-out voltage may 
leave 25% of the battery capacity unavailable for use. 

4. The Radio may be powered from one or two Alkaline cells 
using a DC-DC boost converter. This is the most costly 
option, as such converters typically cost $0.30 or more 
even in high volumes when including the cost of external 
components. However, this option allows the designer to 
make use of the entire battery capacity, and is well suited 
to space-constrained applications. 

Calculating Battery Life
The first step in calculating an estimate of battery life is to
calculate the average current drawn from the batteries. In
order to calculate the average current, it is necessary to
determine the following:[1]

• The average current during the transmission of a packet 
(including both transmit and receive segments of a packet)

• The length of a typical packet
• The frequency with which packets are typically transmitted
• The sleep current.

Note: 
1. These values may be found in the data sheet. The values used in the 

calculations in this application note are approximate.

The Radio is only one component of the current consumption
of the device, and in calculating battery life the designer will
have to add the average current consumption of the rest of
the circuit. However, the process is similar, and will yield an
average current which can be added to the average radio
current to estimate battery life of the system.
In order to determine the average current during the trans-
mission of a packet, the designer needs to determine the
following:
• Length of time spent in Standby mode
• Length of time spent in Idle mode
• Length of time spent in Transmit mode
• Length of time spent in Receive mode
• The current consumed in each mode.

The average packet transmission current can then be calcu-
lated by multiplying the time spent in each mode by the
current drawn in each mode, and then dividing that sum by
the total packet transmission time. This value then needs to
be corrected for packet transmissions where a valid
handshake is not received. In short range applications (up to
ten meters), this will be much less than 1% of packets.
However, when a device is designed to work close to the
limits of range, or in a very high interference environment, this
adjustment may be significant, and will require empirical data
from tests of the device in the application environment.
The Managing Power in WirelessUSB Systems application
note explains the mechanics of packet transmission and
timing, so that topic will not be addressed in detail here. Some
example calculations are shown in the case studies later in
this document.
The average current resulting from packet transmission can
then be calculated by multiplying the average transmission
current by the transmission duty cycle. In some cases calcu-
lating duty cycle may be straightforward. One example is a
wireless sensor which transmits four bytes every second. In
other cases, this may require complex modeling of the usage
of the device. Examples of such applications are covered in
the case studies.
An alternative method is to determine the total charge
required to transmit a packet, by multiplying the time spent in
each mode by the current drawn in each mode. The resulting
value, in Amp-seconds (As) is multiplied by the time spent
transmitting during each second to provide the average
current attributable to packet transmission.
In many cases, the resulting average current from data trans-
mission will be very much greater than the sleep current, in
which case the Radio sleep current can be safely ignored, as
it will have negligible impact on the overall battery life.
Generally, in cases where the sleep current is significant, the
designer should take care to take account of other small
quiescent currents in the circuit. Capacitor leakage currents,
battery self-discharge rates and voltage regulator quiescent
currents will all typically be greater than the sleep current of
the Radio.
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Figure 2. Example AAA Alkaline Cell Discharge


