
Reliable Battery Power for 
Portable Medical Devices

Portable medical devices powered by battery packs offer
tremendous advantages over devices that must be
plugged in to an AC outlet. Most important, they are

available for immediate use, anywhere. They can be used
indoors or outdoors, and in the sterile environment of the oper-
ating room. However, whether the device is an IV infusion
pump, a surgical drill, an oxygen concentrator, or a patient mon-
itoring device, the medical community must be confident that
the battery powered portable device will function reliably and
consistently for a predictable amount of time.

A significant issue with the use of portable medical devices is
knowing when to exchange a partially discharged battery pack
with a fully charged one. Medical professionals have not had the
confidence in state-of-charge indicators (fuel gauges) to trust
running devices with less than a 50% charge. As a result, partial-
ly discharged battery packs often are swapped out with fully
recharged packs when the original pack is capable of continuing
to provide consistent power, sometimes for hours. In addition,
battery packs may be disposed of midway through their useful
cycle life "just in case". Hospitals waste thousands of dollars each
year retiring batteries earlier than necessary. 

Medical device OEMs are collaborating with battery pack designers
early in the development process to design custom battery packs
that resolve these issues and that are optimized for their application,
with special focus on safety, battery life, safe and efficient charging,
accuracy of the run-time (fuel) gauge, impact of high temperature
sterilization, and compliance with regulatory issues. 

Fuel Gauges. The "fuel gauge", or state-of-charge indicator,
is a feedback circuit that informs the user of how much capacity
remains in the battery pack. Recent developments in "smart" bat-
tery fuel gauges, like the TI bq20z90, can predict remaining run-
time to within 1% accuracy throughout the entire life of the bat-
tery. Users can now be as confident with a battery fuel gauge as
they are with the gas gauge in their car. Fuel gauges can com-
municate directly with the host device to display either remain-
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ing run-time or percent of full capacity or a display can be built
into the battery pack itself allowing a user to view the state-of-
charge of the battery before installing it in or connecting it to the
device.

Battery Life. Each time a battery pack is used, its recoverable
capacity decreases slightly depending on the depth of the dis-
charge. As the battery cycles, the battery is no longer able to
deliver 100% of its original rated capacity. A battery is generally
considered to be near the end of its useful life when it can only
reach a fully charged capacity equal to 80% of its capacity when
new. For most battery packs, that cycle life is between 300 and
500 full cycles. Various parameters can be manipulated when
designing the power system to increase battery life, such as reduc-
ing the charge voltage. 

When hospitals replace batteries on a calendar rotation (for exam-
ple every six months), they may be disposing of a battery well
before it is necessary. Circuits are being designed today that can
provide very accurate information indicating the state of health of
the battery pack and how many more cycles can be expected
before a pack should be retired from service. Information can be
sent to the host device to be displayed to the user when it is near-
ing the end of its useful life or the battery can be disabled when it
is no longer reliable.
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S afety. With any battery, there is the potential for shock
hazard, unwanted heat, or reaction with materials in or
on the patient's body or surroundings. Battery connec-

tions that might be contacted by users or patients must be pro-
tected against short circuits, electrostatic discharge, and other
electromagnetic interference.

Lithium ion packs require safety circuitry to control the charge
and discharge current and voltage. Further, battery packs should
be constructed in a way that separates the cells from heat-gener-
ating components in the electronic battery management circuit
and does not obstruct cell safety vents.

Batteries that must be sterilized require a sealed case and thermal
insulation to protect the cells from the intense heat of
autoclaving, which could cause venting and destroy the
cells or reduce their useful life. The use of materials that
can withstand high temperatures is required throughout
the design. Nickel Metal Hydride cells are a better choice for
these packs because autoclaving can reach temperatures very
close to that which could cause lithium ion cells to go into ther-
mal runaway. 

Cell Balancing. Proper charging can have a signi�-
cant impact on the available capacity and the life of the
battery, as well as safety. In a multi-cell battery pack, it is
important that all of the cells in the pack remain bal-
anced with respect to capacity, because charge is lim-
ited by the cell that is most full and discharge is
limited by the cell that is least full. 

There are two primary ways to achieve cell
balancing. Resistive cell balanc-
ing reduces the charge supplied
to the cell with the highest state of
charge by providing a shunt path
around it until the remaining cells catch
up. Cell balancing by charge transfer uses cir-
cuitry to move the charge from one cell to another.

Compliance with Regulatory Issues and Design
Veri�cation Testing. UL regulations for medical devices, espe-
cially those used in the vicinity of patient care, are more stringent than
those for other devices. For example, devices that can be touched by
the patient must prevent access to any source of voltage above 0.1V.
Other standards permit access to voltages as high as 60VDC. 

Lithium batteries are required to be certi�ed for shipping by passing
the rigorous UN "T" tests. This assures that the battery is designed to
hold up under conditions of high altitude (low external pressure),
severe thermal cycling, vibration, shock, short circuit, and over-
charge. 

Regulatory requirements are not the only reason to test battery
packs. A medical device manufacturer can-
not be sure that a newly designed
battery pack will hold up under real-
life conditions without testing the
pack. Any new design should be
cycled through a series of stress tests to
simulate foreseeable use and misuse scenarios
that can occur in extreme medical environments. 

Recent Advances. Emerging variations on Li-ion chemistry are
expanding the range of charge and discharge volt-

ages. New technologies o�er higher capacity,
longer cycle life, faster charge rates, lower

impedance, and higher levels of safety. 

Rapid adoption of these new battery
chemistries will be possible through the

use of fuel gauge systems that include pro-
tection functions with programmable thresh-

olds. In addition, good manufacturing practices
(GMP) are being integrated into battery manufacturing

processes to ensure maximum reliability.

Nexergy designs and manufactures
proprietary safety circuitry for 
medical devices
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