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Rechargeable Micro Ampere-Hour Battery Enables Low Power Product Applications

Joe McDermott, Matt Foster and Dr. Bernd Neudecker
Infinite Power Solutions

Dr. Ganesan Nagasubramanian and Dr. Daniel Doughty
Sandia National Labs

Micro-power product solutions are available today for applications
that benefit from the small size, long life and extreme high temperature
performance capability afforded by rechargeable thin-film solid state
Lithium batteries and ancillary recharging systems. New micro
Ampere-Hour (WA-Hr) battery products based on rechargeable thin-
film solid state Lithium technology offer OEM designers innovative
and enabling power solutions for their products. Customized
configurations of the 4.0 VVdc pA-Hr batteries are available today that
provide a significant amount of power for a battery of its extremely
small size. These battery cells also support innovative methods of
recharge via the capture, accumulation and delivery of ambient energy
(electromagnetic, motional, thermal changes, vibration, and others).
Pilot production capability exists today for these batteries to support a
wide range of product applications including Consumer Electronics,
Medical Implants, RFID Tags & Labels, Smart Cards, Remote Sensors
and Military Applications.

Rechargeable Thin-Film Solid State Lithium Battery Background
The rechargeable thin-film solid state Lithium battery has a research
and development history that dates back to the 90°s at Oak Ridge
National Labs, where Dr. Bernd Neudecker was a Co-Inventor of this
battery. Several companies have license agreements with Oak Ridge
National Labs to manufacture battery cells based on this innovative
technology. The total thickness for the battery cell itself is around 12
microns and production cells today are deposited on various thin-film
substrates such as aluminum oxide ceramic, metal foils and plastic
foils. The battery is environmentally friendly, and with its thin form
and long life the battery can be configured for nearly any low power
battery application. The battery cell can be customized to fit nearly any
product battery envelope requirement, and several battery
configurations available today are shown in Figure 1.

Figure 1: Various Rechargeable Thin-Film Solid State Lithium
Battery Configurations (Courtesy of Infinite Power Solutions)

The most robust (applicable for widest range of power
requirements) production pA-Hr battery cells manufactured today
implement a crystalline Lithium Cobalt Oxide cathode that per cm? of
active cathode area provide capacities of ~200 micro Ampere-Hours
with the capability to support steady current power requirements of 5
milli Amps and pulse (~100 msec) current power requirements of > 40
milli Amps with a voltage > 3.0 VVdc. The high C rate discharge
capability of this battery has resulted in some OEM’s looking at this
product as a super capacitor more than as a battery. Independent
testing of commercially available battery cells from Infinite Power
Solutions at Sandia National Labs has shown that this battery has one
of the most narrow and flattest voltage profiles for low to high rate
discharges as shown in Figure 3 for a 200 pA-Hr battery cell. The
constant current discharge rates shown in Figure 2 range from C/2 (100
HA) to 25C (5 mA), which demonstrate the tremendous power density
capability for this uA-Hr battery.
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Figure 2: Battery Performance for Low to High Discharge Rates

This robust battery can also survive a wide storage temperature
range (-50° C to + 150° C) and has also shown capability to deliver
reliable power at temperatures as low as -40° C and as high as 150° C
with continued charge / discharge cycle capability.

Infinite Power - A Different Way of Thinking About Batteries
From a performance standpoint, this battery has the capability to
replace nearly every other battery for every product with increased
capacity and rate capability within the same battery envelope.
However, the best case manufacturing costs for this battery based upon
production techniques today result in a battery cost of ~50 cents per
square centimeter for volumes of millions to 10’s millions. Thus, the
most cost effective viable applications today for this battery are low
power applications where a LA-Hr battery meets the products energy
storage requirement. This battery is not simply a “drop-in”
replacement for the batteries in existing products today. A different
way of thinking about batteries must be implemented in the product
design to take full advantage of the rechargeable thin-film solid state
Lithium battery.

The battery has 3 key design features that offer product designers
greater flexibility in battery sizing, integration, and power
management: 1) Solid state stability that prevents the battery from self-
discharging with losses <1% per year when the battery is not in use;

2) Long life, permanent power performance that negates the need to
replace the battery for most applications. The battery has demonstrated
full charge / discharge cycle performance > 90,000 (as shown in Figure
3) which is >> other battery types; and 3) A very high packaging
energy of >800 UW-Hrs / cm? and power density > 120 mW / cm? for
pulse loads at a total thickness of 35-60 pum (including substrate).
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Figure 3: Thin-Film Solid State Lithium Battery Charge / Discharge
Cycle Capability > 90,000 Cycles

Optimizing a product to take advantage of these key design features
requires a different way of thinking. Traditionally, product designers
size a battery for a defined performance life (i.e., 10 years) based on a
power load that includes the primary power for the application, the self
discharge losses in the battery, and some design margin. For a product
where only 10 pA-Hrs would be required per event or battery
discharge, with a maximum of one event per hour, and a life of 2 years
the total battery capacity requirement would be around 200 milli A-Hrs.
The different way of thinking asks the question “What would be the
worst case duty cycle and capacity requirement for the battery in a day
or a week, and is it possible to recharge the battery in between events?”
For instance, if we assume for the case above that the 24 events per day
all happened during normal business hours, and that the product would
be in a non-operational mode for 12 hours per day, then the battery
must be able to deliver 240 pA-Hrs per day. If this battery could be
recharged during non-operational periods, then the product could be
sized with a rechargeable micro battery with a capacity of ~300 pA-
Hrs. Thus, the rechargeable thin-film solid state Lithium battery could
deliver the same performance as the 200 milli A-Hr primary battery in
a thin, < 2 cm? package, and increase the battery life by several years
by simply periodically recharging the battery during non-operational
periods. Another key factor is to minimize the non-operational power
requirements on the battery. Quiescent loads imposed by either the
charging or consuming circuitry are generally best kept to a minimum
where an open circuit condition results when the battery is not in use.
This condition when achieved allows for an unlimited variety of
solutions using this battery where an otherwise large primary battery
would be required.

The rechargeable thin-film solid state Lithium battery also supports
fast, low cost charging solutions for products that implement effective
low power energy management. The charging circuits to recharge this
battery are much simpler and lower cost than commercially available
Lithium lon and Lithium battery chargers. Effective low power energy
management can also open the door for enabling methods to recharge
the battery. For example, if the total capacity removed from the battery
after an “event” is 10 pA-Hrs, and if there is an hour between this event
and the next event, then the charge system only needs to deliver 10°s of
MA’s to the battery for an effective charge. When we start thinking
about how to capture and accumulate 10°s of pA’s, then innovative
sources of battery recharge power such as ambient energy (motional,
electromagnetic, thermal, etc.) or inductive power become useful.



Applications are identified nearly every day as designers become aware
of the rechargeable thin-film solid state Lithium battery and as they
start to think differently about batteries. Improvements in the battery
substrate towards flexible materials and even for thin film fiber
substrates, as shown in Figure 4, will result in further applications that
can take advantage of this innovative battery.

Figure 4: Cross-SectloaI SEM of Thin-Film Solid State Lithium
Battery Deposited on a 33 um Fiber Substrate. Eight functional
battery layers deposited. (Courtesy of ITN Energy Systems)

Summary

A rechargeable thin-film solid state Lithium battery is
available today! A “New Way of Thinking About Batteries” is
encouraged and required to fully understand the advantages of this
battery for product applications. The performance features of the
battery also “open the door” for innovative methods of recharging the
battery that are contact-less, and the battery offers the potential for an
effective low energy power solution for many low power applications.

Joe McDermott (Primary Author) manages Business and Product Development
for Infinite Power Solutions. He has 23 years of battery design and testing
experience, combined with project leadership. He holds a Masters of
Engineering in Engineering Management and a BS in Chemistry. Contact Joe
McDermott with Infinite Power Solutions at 303-293-0903 or

JMcDermott@ InfinitePowerSolutions.com.



LA MOTORS & FANS: Piezo Precision

by Mary Lowe
January 3, 2006

In applications where DC or stepper motors would be technically difficult to implement
or too costly, a new piezoelectric motor may provide the right power solution in

applications where a high degree of precision is desired.

A 1.2-g noiseless, gearless piezoelectric motor and actuator from Elliptec, Dortmund,
Compact Elliptecmotor costs significantly less
Germany, provides two advantages over the other technologies — a significantly than alternatives, while delivering precise,
noiseless operation.
smaller size and extremely rapid speed.
Piezoelectric motors are based on the piezoelectric effect, discovered by Pierre Curie in 1883. The effect occurs in certain crystals,
for example, quartz and Rochelle salt, and ceramic materials. The materials generate a voltage when subjected to pressure and
conversely, undergo mechanical stress when subjected to an electric field.
The Elliptec piezoelectric motor can operate at voltages as low as 7V, and is the only piezoelectric motor that achieves forward and
backward motion using a single piezo element and two wires. Most of its market counterparts require at least two piezo elements to
achieve this. Due to its optimized construction and production, the Elliptecmotor is one-tenth the cost of its competitors.
It is the structure of the piezo ceramic that allows the motor to function at such low voltages. In instances where the piezo ceramic

is placed between two electrodes, a high voltage is required. The piezo ceramic of the Elliptecmotor uses a sandwich structure,

dividing the voltage.

Most conventional electric motors are operated by a magnetic field and have a rotation axle. The Elliptecmotor, on the other hand,
operates on the basis of a subtle driven movement during which the driven element is moved in thousands of small steps.

These steps are produced by a key-shaped aluminum frame resonator that oscillates upon being activated by the piezo ceramic that
is applied an AC voltage with a frequency of 100 kHz. The piezo ceramic expands 0.1 percent of its dimension when a voltage is
applied and contracts to its original shape after the voltage is removed.

The expansions and contractions of the piezo ceramic create vibrations in the resonator, which in turn creates an elliptical
movement at the tip of the resonator. It is the elliptical motion of the tip that drives the element, which can be the edge of a wheel
or the surface of a linear slider, allowing the motor to deliver either rotary or linear motion.

A steel spring attached to the motor pushes the vibrating top of the resonator against the driven element, and a spring maintains a
steady pressure between the resonator and driven element. With each ellipse at the top of the resonator, the driven element will be
pushed either forward or backward with a speed of up to 300 mm per sec. The drive creates forces of 0.2 N to 0.4 N.

The gearless design of the Elliptecmotor allows it to be effective in applications with little installation space, where a gear would be



too cumbersome. At just 20 mm x 8 mm x 3 mm, the motor starts extremely quickly and can be stopped quickly again, which is not
possible with a conventional drive.

Temperature, humidity, vibration and extreme magnetic fields do not affect the performance of the Elliptecmotor. All of the
materials in the Elliptecmotor are non-magnetic. The spring is stainless steel and the frame is aluminum. Because the motor works

without a commutator, it does not produce sparks, nor does it emit electromagnetic interference.

Because the Elliptecmotor operates at ultrasonic frequencies, it is almost inaudible. The motor does, nevertheless, accelerate and
stop its resonator instantaneously, and this sudden transition may be heard. To alleviate this problem, the control software is
adjusted to more smoothly accelerate and brake the motor by varying the pulse width of the driving signal from O percent to 50
percent.

The PWM signal that drives the motor can also be modulated to provide audio reproduction, such as music or recorded voice. In
such applications, the driven element would be a speaker membrane.

In designing motion control applications, it is important to note that the motor’s driven element can only move if the friction losses
in the bearings are less than the friction at the motor tip, consequently the mechanics of the system should be designed for low
friction. Anti-friction bearings can be used for this purpose in linear applications. These include balls made from plastics, steel or
glass as well as rollers with needles.

When the motor is driving a wheel or cam, utilizing a small diameter wheel axle assists in reducing friction. In extreme cases, the
axle end can be tapered for tip support and for minimal friction. Larger wheels that produce higher torques can also be used to
overcome friction.

Another way to add more power to the system is to simply employ additional motors working in unison. This approach can create
more noise, which can be reduced by individually mounting each motor.

Gears also may be incorporated. Typically only a single stage gear is required, but multistage gears may be used to further boost
motor torque. Fast gears can be eliminated in order to ensure that the motor is virtually noise-free.

Because the piezoelectric effect works both ways, the motor can also be used as a sensor in addition to acting as an actuator. In
such cases, the unpowered Elliptecmotor senses when the driven element is externally pushed or pulled. The force on the piezo
element causes it to generate a voltage of up to 0.3 V in response. The controller can determine if the motor is being blocked and
correspondingly react, for example, stopping the motor or reversing it.

Manual actuation is possible due to the integrated friction clutch of the Elliptecmotor. The sensory capabilities of the motor indicate

to the controller if a user is manually overriding the motor function.

Innovative applications



Elliptecmotor as rotor drive.

The Elliptecmotor has a variety of consumer electronic applications where manufacturers are seeking lower-priced, faster, lighter
and more flexible designs that can benefit from a more compact motion control component. The Elliptecmotor has very low inertia,
making it extremely responsive for producing quick focusing and zoom times in camera applications. Very precise positioning
further enhances the quality of the end product.

The small size of the Elliptecmotor allows for a compact system design that can be integrated into a variety of applications,
including providing the power to open and close CD and DVD trays, where the Elliptecmotor pushes a linear slider.

The motor is also being used in rear projection televisions. In this application, a small mirror is tilted 60 times per sec. to move the

entire picture up by half a pixel, resulting in a higher resolution. The motor’s stroke is limited to a couple of micrometers.

Due to its precision, noiseless operation and minimal construction volume, the motor
is also suited for medical applications, such as dosing devices. The drive does not
store mechanical energy, so the motor can be stopped in a matter of microseconds,
where conventional systems continue to run after being switched off.

In HVAC equipment the Elliptecmotor can be used to electronically actuate flaps and

control airflow into a room to create individualized climate zones. The Elliptecmotor is
also appropriate in vending applications for coin recognition. The motor triggers the
Elliptecmotor operates on the basis of a subtle opening of a flap inside the coin receipt in 15 milliseconds. The typical mechanism
driven movement during which the driven . . .
element is moved in thousands of small steps. used to open or close the small flaps is a solenoid. Solenoids are very fast, but have
the disadvantage of being large and requiring more power to achieve these speeds.
The Ellliptecmotor offers the option of using the flap directly as the driven element, as well as a much more compact design.
The Elliptecmotor will be used in applications where DC motors or stepper motors are difficult to incorporate, says Dirk van
Vinckenroye, director marketing and sales for Elliptec.
“I think what will be happening first is that manufacturers will use these innovative drive systems in applications where today’s
technologies like DC motors or stepper motors are technically difficult and/or very expensive to use,” he says. “Especially in the

appliance field where cost and innovation are the driving factors, | am sure that this low-cost piezo technology will find its entrance

in many applications that will be built smaller because of the gearless principle and where fast reactions are required.”

Mary Lowe
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Just the Right Medicine

During the allocation of fluid medication or other
medical substances, standardized, high-precision
piezo motor, such as the Elliptecmotor, leaves noth-
ing to chance: Thanks to its special construction,
the movement is tunable in a precise way. The
novel drive has no rotor storing mechanical energy
so the motor is stoppable within micro-seconds —
conventional driving systems still run after being
switched off.

As an example, a metering system with an
active flow regulation is based on a controllable
change of the cross-section of a flow port, whereby
the flow resistance can be varied. If the cross-sec-
tion surface in one canal is reduced, the pressure
decline is increased. In the case of a pressure driv-
en module working under a constant pressure, the
volumetric current through the port is decreasing.
Consequently, the volumetric current can be con
trolled by a manipulation of the cross-section. A
positive secondary effect of this principle in com+
parison to a typical — produced by micro-electro-
mechanical system technology — diaphragm valve
is that a contamination of the fluid with particles
rather ameliorates the seal effect.

The port structure in this system has been real-
ized in poly-di-methyl-siloxan, an elastic silicon. It is
integrated in a cartridge containing all the fluid tan-
genting components of the system and displayed as
disposable product. The cross-section of the port is
varied by compressing the substrate containing the
sinuosity formed port structure. The actor is the
Elliptec motor X 15G AG., via a gear, the rotary
movement of the driven wheel will be transformed
into a transversal movement of a ram. The system
is used in pressure driven modules like for example
the ones being used for controllable substance dis-
pensing in pain therapy.

By Dirk van Vinckenroye

Using a Miniature Piezo
Motor to Battle High Costs

Innovative solutions that give consideration to the high
conscience for costs are demanded in industries such as
medical engineering. The aim is the increase of the feed-
in quality, while maintaining a justifiable costliness. An
example of such a solution is the standardized, piezoelec-
tric motor. The production of this multifunctional minia-
ture motor costs only a tenth to a hundredth in compari-
son to a conventional piezo drive.

A standardized, high-precision piezoelectric motor
makes it possible to produce the smoothest movements in
all types of industrial products, such as automobiles and
consumer goods. The advantages of this fully developed
and cheap technology are the high dynamics, the high
positioning accuracy, the noiseless operation, the minor
mass, and the continuously variable speed.

There have been piezoelectric motors for more than 35
years. Compared to traditional models, a standardized
piezomotor is constructed in a much easier way and has a
very positive influence on price.

This type of motor, such as the Elliptecmotor, pro-
duces rotary and linear movements with a speed of 0-300
mm/sec and feeding forces up to 0.4 Newton. Higher
forces can be realized with the aid of simple lever mecha-
nisms or the use of several motors.

The core of the motor is piezo ceramic, which activates
the oscillating of a vibratory element — the resonator —
with approximately 100 KHz, whereby a wheel or a driv-
ing rod can be activated. Thanks to its minor fitting
dimension and mass, this type of piezo motor can be easi-
ly integrated into a large number of products.

The motor is able to directly produce slow movements.
This special advantage is effective where, due to a low
installation space or due to costs, no gear can be used. It
is possible to adjust any speed with the aid of software.

There have been piezoelectric
motors for more than 35 years.
Compared to traditional models, a
standardized piezomotor is con-
structed in a much easier way and has
a very positive influence on price.

Therefore the motor needs — in comparison to the elec-
tronics of a stepper motor — a much less number of elec-
tronic components. The supply voltage can be between
2.4V (operation with batteries) and 30 V.

Nearly every conventional electric motor is operated by
a magnetic field and has a rotation axle. The standardized,
high-precision piezoelectric motor, on the other hand, is
operated on the base of a micro-subtle driving movement,
whereas the driven element is moved in thousands of
small steps. These micro-steps are produced by the res-
onator that is excited to oscillate by the piezo ceramic.
Piezo ceramics expand by 0.1 percent of their dimension
when an electronic voltage is created and shorten again
after removal of the voltage. The piezo element is installed
into the resonator that is approximately 2 cm long and
manufactured by aluminum. Due to a special form of the
resonator, the tip oscillates in an elliptic path.

In order to move the motor in a continuously linear or
rotary movement, the tip of the motor will be pushed
against the driven element. Due to the preload force
between the motor tip and the driven element, a force
transmission by friction appears. By each movement of
the motor the tip of the motor pushes the driven element
some amount of micro-meters. Due to the high opera-
tional frequency of the motor, a steady movement
emerges. It is also possible to operate it as a stepper motor.

The robust, gear-less motor consists of four parts: The
piezo ceramic, the circumjacent aluminum frame (res-
onator), a clip fixed at the frame, and the connection cables.

One place that the motor is particularly useful is in
medical applications. (See adjacent article.) Due to its pre-
cision and its functional principle, as well as its noiseless
operation, the minor construction volume, and a weight
of 1.2 g, it is suitable for an energy-saving application in
medical metering units.

But there are other applications where it is also useful.
The heavily reduced costs, thanks to a new patented pro-
duction method, make this miniature motor interesting
for several types of applications.

Dirk van Vinckenroye works for German-based Elliptec AG and
specializes in high-precision piezoelectric motors. More information
is available at www.elliptec.com or by calling 610-687-2277.

The Elliptecmotor (above) is a miniature piezoelectric motor suitable for
several applications, including medical devices. The motor has a piezo
ceramic core that helps keep costs down.
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