Energy Harvester Produces Power from Local Environment,
Eliminating Batteries in Wireless Sensors
Design Note 483
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Introduction
Recent advances in ultralow power microcontrollers
have produced devices that offer unprecedented levels
of integration for the amount of power they require to
operate. These are systems on a chip with aggressive
power saving schemes, such as shutting down power
to idle functions. In fact, so little power is needed to run
these devices that many sensors are going wireless,
since they can readily run from batteries. Unfortunately,
batteries must be regularly replaced, which is a costly
and cumbersome maintenance project. A more effective
wireless power solution may be to harvest ambient
mechanical, thermal, or electro-magnetic energy in the
sensor’s local environment.

Ambient Energy Sources
Ambient energy sources include light, heat differentials,
vibrating beams, transmitted RF signals or any other
source that can produce an electrical charge through a
transducer. For instance,

The LTC3588-1 shown in Figure 1 is a complete energy
harvesting solution optimized for high impedance
sources such as piezoelectric transducers. It contains a
low loss full wave bridge rectifier and a high efficiency
synchronous buck converter, which transfer energy
from an input storage device to an output at a regulated
voltage capable of supporting loads up to 100mA. The
LTC3588-1 is available in 10-lead MSE and 3mm × 3mm
DFN packages.

• Piezoelectric devices produce energy by either
compression or deflection of the device. Piezoelectric
elements can produce 100s of µW/cm2 depending on
their size and construction.
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Figure 1. Complete Energy Harvesting Solution Optimized for
High Impedance Sources Such as Piezoelectric Transducers
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• Small solar panels have been powering handheld elec
tronic devices for years and can produce 100s of mW/cm2
in direct sunlight and 100s of µW/cm2 in indirect light.
• Seebeck devices convert heat energy into electrical
energy where a temperature gradient is present. Sources
of heat energy vary from body heat, which can produce
10s of µW/cm2 to a furnace exhaust stack where surface
temperatures can produce 10s of mW/cm2.

• RF energy harvesting is collected by an antenna and
can produce 100s of pW/cm2.
Successfully designing a completely self-contained
wireless sensor system requires power-saving micro
controllers and transducers that consume minimal
electrical energy from low energy environments. Now
that both are readily available, the missing link is the high
efficiency power conversion product capable of converting
the transducer output to a usable voltage.
Figure 2 shows an energy harvesting power system that
includes the energy source/transducer, an energy storage
element and a means to convert this stored energy into a
useful regulated voltage. There may also be a need for a
voltage rectifier network between the energy transducer
and the energy storage element to prevent energy from
back-feeding into the transducer or to rectify an AC signal
in the case of a piezoelectric device.
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Figure 2. Energy Harvesting System Components

Application Examples
The LTC3588-1 requires the output voltage of the
transducer to be above the undervoltage lockout rising
threshold limit for the specific output voltage set at the
D0 and D1 input pins. For maximum energy transfer,
the energy transducer must have an open circuit voltage
of twice the input operating voltage and a short-circuit
current of twice the input current required. These
requirements must be met at the minimum excitation level
of the source to achieve continuous output power.
Piezoelectric Transducer Application
Figure 3 shows a piezoelectric system that, when placed in an
air stream, produces 100µW of power at 3.3V. The deflection of
the piezoelectric element is 0.5cm at a frequency of 50Hz.
Seebeck Transducer Application
Figure 4 shows an energy harvesting system that uses
a Seebeck transducer from Tellurex Corporation. A heat
differential produces an output voltage that supports a
300mW output load. Connecting the transducer to the
PZ1 input prevents reverse current from flowing back into
the Seebeck device when the heat source is removed.
The 100Ω resistor provides current limiting to protect
the LTC3588-1 input bridge.
Harvest Energy from the EM Field Produced by
Standard Fluorescent Lights
This application requires some outside-the-box thinking.
Figure 5 shows a system that harvests energy from the
electric fields surrounding high voltage fluorescent tubes.
Two 12” × 24” copper panels are placed 6” from a 2’ × 4’
fluorescent light fixture. The copper panels capacitively
harvest 200µW from the surrounding electric fields and the
LTC3588-1 converts that power to a regulated output.
Conclusions
The LTC3588-1 allows remote sensors to operate
without batteries by harvesting ambient energy from
the surrounding environment. It contains all the critical
power management functions: a low loss bridge rectifier,
a high efficiency buck regulator, a low bias UVLO detector
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that turns the buck converter on and off, and a PGOOD
status signal to wake up the microcontroller when power
is available. The LTC3588-1 supports loads up to 100mA
with just five external components.
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Figure 3. Piezoelectric Energy Harvester
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Figure 4. Seebeck Energy Harvester
COPPER PANEL
(12" s 24")

10µF
25V

1µF
6V

4.7µF
6V

PANELS ARE PLACED 6"
FROM 2' s 4' FLUORESCENT
LIGHT FIXTURES
PZ1
VIN

PZ2
PGOOD
LTC3588-1

CAP
VIN2
D1
D0

COPPER PANEL
(12" s 24")
PGOOD
10µH

SW
VOUT

3.3V
10µF
6V

GND
35881 F10

Figure 5. Electric Field Energy Harvester
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