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EnerPak — SBIR Phase |l Efforts
@ Army — Completed December 2006

m “Power Supply for Meso Sensors”
m Development of EnerPak System

@ DARPA — Completed Sept 2006

m “Power Supply for Meso-Sensors”

@ Air Force — CGm atec rJJ /OO”
- m“pPowerChipi— Power for J\/JJrrEyéernJ with Extended Missions”™

m EnerPak System Developme / '/
>



The Complexities of EH-Powered WSN*

@ Power Supply @ Power Demand
Characteristics of Modes of Wire

Energy Harvesters
= Low il
= Variable i 4

= Intermittent
= Unpredictable =« Node-to-N
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'/*An example of a challenging autongmous device



A Versatile Power Management System is Needed

@ Power Demand Modes of
Wireless Sensor Networks

= Sleep
= Data Acquisition
= Data Processing

= Node-to-Node
Communications

=« Data Transmission

-

@ Power Supply
Characteristics of Energy
Harvesting Devices

« Variable — e—) @ner\pak
= Intermittent L e s =
= Unpredictable
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Specifically Designed to Fill the Space 2
Between
Energy Harvesters and Autonomous Devices



Attributes of cNE@rpPax

@ Compatible with Wide Range of EH Outputs

@ Optimizes Energy Extraction — Always Operates at
EH Peak Power Output Conditions

Allows Charging at Very Low Power Levels
@ Represents an “Always On” Power Sup|5|y



Schematic of the enerpa
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cnerpdx Microcontroller




enerpdak” Charge Pump

@ Continuously responds to the state of ch
Harvester and Supercaps =
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@ Primary Functlons i
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cNEerpdx and Energy Harvesters

Compatible with a Variety of Energy Harvester Outputs

@ Photovoltaic
@ Thermoelectric Generators
@ Vibration Harvesters
Q
@

Radio Isotopes -
Fuel Cells

Impedance \oltage

Variable DC
Low KO—10s £Q 0.5-5V

Vibration Constant AC 1uW-20mW. F
10s £0Q-100s £Q 10s of V.

Constant DC
10-100s Q 10s mV-10V
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Importance of Peak Power Output Matching Achieved Thru
Dynamic Adjustment of Charging Module Impedance

Piezoelectric Vibration Photovoltaic Array
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Battery/Supercap Combination Exploits
Storage Device Attributes

@ Supercapacitors = high specific power
@ Batteries = high energy density

and Operatlng r‘mOHr/cIELTFv‘ R ?nru/
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Attributes of the Battery/Supercap Combination
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Charging the Li Polymer Battery From the Supercapacito

@ Charging Requirements
= Charging current must be sufficient to maintain charging voltage
= Charging current cannot overpower the battery
=« Charging voltage must be greater than present voltage in b

@ Charging Feasibility Direct from Harvester -
= Often difficult to meet charging current requirem

@ Charging Feasibility from Supercapacit
= Charging current can be ,contr/olled P i
= Charging voltage can be controlled
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Pulse Charging the Li Polymer Battery

Vol tage Profile Wth Pul se
Chargi ng At Constant Current

At low harvested power input, it is e
not feasible to charge a Li polymer %
battery with the conventional .
CC/CV charging profile. Z )
Pulse charging the battery is & <
an effective approximation to
the Li Polymer conventional < constng
charging profile. — - -

Const ant Vol t age

* 4

In the charge cycle, at the -
constant current — constant
voltage transition point, as
the voltage of the battery
increases, the charge current
decreases in an exponential
- fashion.
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Voltage(V)

EnerPak Provides Continuous “Day & Night” Power

“Always On” Power
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Summary

EnerPak makes energy harvested power a practical source of
energy for autonomous devices

EnerPak charging electronics allow safe and optimized charging of
energy storage components at very low power

EnerPak system performance optimizes the available power from
harvesting throughout device load power cycles

EnerPak power management system has resulted in a product that
electrically looks like a battery:

5 Always on "‘
» Provides stable, regulated voltage

, Can deliver power over the full range of levels demanded by
wireless sensors and other self-powered devices

EnerPak leverages and improves the stand-alone performance of
lithium-polymer and other rechargeable batteries

EnerPak can be discrete or semi-conductor solution




