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Compact Solar Panels Take Advantage of Innovative Energy Harvesting
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Compact Solar Panels Take Advantage of Innovative Energy Harvesting

applications that utilize energy harvesting.

Energy harvesting from an ambient source, where a
remote application is deployed, and where a natural
energy source is essentially inexhaustible, is an increasingly
attractive alternative to wired power or batteries. These
essentially free energy sources, when utilized properly, can
be maintenance-free and are usually available throughout
the working lifetime of many applications.

Alternatively, energy harvesting can be used as a
secondary energy source to supplement a primary power
source such as a battery to greatly extend the life of the

battery, reducing maintenance costs.

Energy Harvesting Applications

Many real life applications using energy harvesting as
the main power source are now in use. Wireless sensor
networks (WSNs), for example, often benefit from energy
harvesting power sources. When a wireless node is
deployed at a remote site where wired power or a battery
is either unreliable or unavailable, energy harvesting can
supply the power needed to operate it. In other situations,
multiple energy sources can be used to enhance the overall
efficiency and reliability of a given system.

Some of the More Common Energy Harvesting Sources
Include:

* Mechanical Energy - from sources such as vibration,

mechanical stress and strain

e Thermal Energy - waste energy by-product from

furnaces, heaters, motors and friction sources

e Light Energy - captured from sunlight or room lighting

via photo diodes, or solar cells

e Electromagnetic Energy - from inductors, coils and

transformers

e Natural Ambient Energy - from the environment such

as wind, water flow, ocean currents, galvanic and
solar

e Human Body - a combination of mechanical and
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thermal energy generated or through actions such as
kinetic movement

e Other Energy - from chemical and biological sources

It is important to note that all these energy sources are
virtually unlimited and essentially free, if they can be
captured at, or near, the system’ s point of deployment.

A typical energy harvesting system requires an energy
source such as vibration, heat or light plus some key
electronic components. These include:

e An energy conversion device (transducer) such as a
piezoelectric element or solar panel that can translate
the ambient energy source into electrical form

e An energy harvesting conversion IC that captures,
stores and manages power

e Sensors, microcontrollers and a transceiver to read,
record and transmit the data as part of the WSN

* Optional supplementary energy storage device such
as thin-film or primary cell battery or super capacitor

It is very important that the power conversion device
have a high efficiency and a low quiescent current so as to
allow most of the harvested energy to be used for
powering the sensor network or control and monitoring
device. Furthermore, it is essential to understand how
much average power is available from the harvestable
energy source and how much energy is required to power

the device being powered (its duty cycle of operation).

Energy Harvesting IC Solutions

Fortunately Linear Technology has several energy
harvesting devices for processing, storage and utilization of
harvestable energy. The LTC3106 is one such device that is
a highly integrated, ultralow voltage buck-boost DC/DC
converter with automatic PowerPath management
optimized for multiple input sources and low power
systems. If the primary power source is unavailable, the
LTC3106 seamlessly switches to the backup power source

and is compatible with either rechargeable or primary cell
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batteries and can trickle charge a backup battery whenever

ARSI A AT Qe A A2 AlFEER & there is surplus energy available. If a light source is used,
g Hglo] FFd o) Abelold ofEe] ¢lg oS  an optional maximum power point control ensures power
o] &3 W AAE ST 4= ok, T3 AREAIZL A8l transfer is optimized between power source and load. At
k4= Q1= Aok 9 B1gt /9P AAIGEe] AlFEEE no load, the LTC3106 draws only 1.64A while creating an
toksl SIHAA S ARRS 4= 9lon, ATl FAIEE output voltage up to 5V from either input source. Figure 1
o2 HE HjEYE REs 4=ty YAAAE B shows a typical schematic.
Y AAR AESl= 4§ PRIE o]&38l oA T8 The LTC3106 employs a PowerPath™ control
AA A 4= Qi architecture to allow the use of a single inductor to
ZF 99 AY V2 MY AA7F 912w 850mV~  generate a user-selectable fixed regulated output voltage
5.1V A%t HAoA F2BAY, dAax] el 22 ] through seamless transition between either of the two
2271 918 1] 330mV~5.1VolA S2SEEE A48 4= power inputs. If input power is available (V) the buck-
ot ol#fgt A W= 48 ek sjdy} e =S boost regulator will operate from Vi, providing up to
YA AAE HIESE o 71A] Y A4 P& ol 300mA to the load. Should the Vy source become
Ed £ A str) F) A &L HASH] Y8l unavailable, the regulator will select Vig/Vey a8 its input
LTC3106 AUst RUN #3491 2o A¥H 7|5 delivering up to S0mA to the load. If a rechargeable battery
S AlF3t T 7152 3 o]&ale] Y AA9 H is used as the backup source, a low current recharge
Ao A g oy T2 Aofe 4= Utk Btk =  power path is also provided allowing use of excess input
LAY Y 222 ) AU RUN @ 7]%0] o]Ak2]  energy to charge the backup source if the output voltage is
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charge/discharge thresholds are available to handle
multiple battery chemistries and to protect the battery from

overcharge/deep discharge. Charging can be externally

$ #AF  disabled using the PRI when a primary battery is used as
o] deomiE dg Faol Aduld i MW7k the backup source.

The main input voltage, V,, can be configured to

operate over a voltage range from 850mV to 5.1V without a
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back-up source and from 330mV to 5.1V with a back-up
source, like a primary battery. This range accommodates
multiple power source types including high impedance
sources such as a small solar panel. To ensure maximum
power extraction, the LTC3106 integrates an accurate RUN
pin and an optional maximum power point function. Both
can be used to control regulator turn on at the maximum
power point of an input source. For higher power input
sources the accurate RUN pin function is ideal to program
predictable regulator turn on at a specific input voltage.

In the event that the input harvestable energy voltage is
lost, a primary or secondary battery may be connected
from Vo to GND to power the system. In the case of a
rechargeable battery, current will be sourced from this pin
to trickle charge the battery, up to the maximum selected
voltage.

The LTC3106 will start up from either input voltage
source but gives priority to V.. The AUX output is initially
charged with the synchronous rectifiers disabled. Once V,
has reached its terminal voltage the output voltage is then
also charged asynchronously until V., reaches
approximately 1.2V. The converter then leaves the
asynchronous mode in favor of a more efficient
synchronous start-up mode until V,, is in regulation and
the part enters normal operation. It is normal for the output
voltage to rise as V,, is charging. The main output voltage
is user programmed to one of four pre-set regulated
voltages of 1.8V, 2.2V, 3.3V or 5V.

A Real-Life Design Example

In a traditional battery powered-only wireless network
node, the main control unit (MCU) is connected directly to
the battery. Several factors contribute to reduced battery
capacity in these applications. Typically these wireless
systems poll the node at a very low frequency with long
low power inactive periods with occasional high current

bursts when communicating with the node. The peak
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Figure 2. LTC3106 configured as a solar harvester with primary battery backup powering a current during the pulsed load can be

wireless network node
much greater than the nominal drain
I_,-JE\',‘-':-\_I current given by the battery
w1 sw2 manufacturer, reducing capacity
= A R S e [P
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Isc = 82uA| AM1816 PGOODI—3— = L1ChD typ) limit the usable battery capacity.
= Vi i .. mi The application circuit in Figure 2
v 0s2
M I U] e ss1 shows the LTC3106 interfaced with the
0.01pF [—] ILIMSEL
365k T |— - AM-1816 solar cell with an overall
d - -4

dimension of 9.8cm X 5.7cm (size of
business card) and is supplemented

g gl AR AREA ARE,  with a CR2032 primary battery configured to deliver power

d , BRhE W A), ofEe]Alold SXHA to a pulsed load output. Though an energy harvesting
Ei= A9 o) what BREh gpAY o] AS|AF AFQ system can eliminate the need for batteries, it can also serve
Z7](Sanyo Electric)?] Amorton A% 2kl thofét  to supplement and increase battery life. When sufficient
A(YukA el 33 2 Aof giefA= B 1 #2)7 A8 ambient energy is available, the battery is unloaded and is
Y-S w3 E4 o Zg|Ao)Ad F27]9 HEjo] w5=0]  only used when the ambient source is inadequate to

W Azt 4 G TS 22 BT

o
N

o\

service the load. This not only extends battery life but
FOl gFAR & Algsict, improves reliability by extending battery life and also

LTC31063 oA ARgst7]of A3kt 47 gz
(A8 FX gokd gdz AF)E AJAksks 1 Hhe The main input voltage of the LTC3106 (V,) is designed
AE2 7 2914 & = k. to accommodate high impedance solar cells over a wide

voltage range. Solar cells are classified according to their

reducing service cost.

2

Table 1. Typical Light Conditions

output power level, material employed (crystal silicon,

amorphous silicon, compound semiconductor) and

Meeting Room 200
Corridor 200 application space (indoor or outdoor lighting). Sanyo
Office Desk 400 to 700 Flectric s Amorton product line (a subsidiary of Panasonic)
Lab 500 to 1000 offers a variety of solar cells for various light conditions [For
Outdoors(Overcast) 1000 to 2000 typical light conditions see Table 1] and power levels as
Outdoors(Clear) » 2000 well the ability to customize cells for specific application

size and shapes.

Table 2. Photovoltaic Panel Manufactures Compatible with the
LTC3106

Additional companies that manufacture small solar cells

htip://panasonic.net/energy/amorton/en/ (also referred to as modules or solar panels) suitable for use

_ http://www.powerfilmsolar.com/ with the LTC3106 are provided in Table 2.

http://www.gcell.com/ The 1-V and P-V curves for the AM-1816 panel are

http://www.altadevices.com shown in Figure 3. The maximum power from the cell
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Figure 3. Measured |-V and P-V curves under variable light (PMAX) changes with light level but the voltage at PMAX
conditions for AM-1816
changes only slightly. The V,, threshold voltage in this

10 e ete ] P application example is set to equal the voltage at PMAX
1800 LUX . : . _— . . .
0.9 et 1800LL oy y using the resistive divider on the RUN pin. The input
08 \ f voltage rising UVLO threshold Vi, set point was chosen
z 06 nt p :\ — g to be 4.2V. With internal hysteresis, the Vi, is then 3.8V,
= 1000LUX ¢ T . =
g0sF - d \\ | 5 so the average V,, voltage of ~4V is at the maximum power
Foalsoo ol 17 e| =
G [r s A il \ = point from the manufacturer I-V and P-V data on the AM-
ol B - N A
S A N 1\'- 1816 solar cell.
o |arke” LT 200L0x W\
: T 7 A . .. . .
2 = ,_-—-""ﬁ“%t \ For this application the load is a low power RF device
0 07 15 22 30 37 44 52 59 and its load profile is shown in Figure 4. The regions of
Veaned (V)

operation, output and power losses are tabulated and the
peak levels are defined for each as shown in Table 3.
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Tk PMAX oA Q] Al ekulk wWelt} o] ofZ2]7o]d  additional 5pW of input power loss for a total input power
A Vi YA AS RUN Hof A& AF83}o]  requirement of 207uW. The calculated average efficiency,
PMAXS] Ayt ZresE AAE 8 A9 A% induding the resistive divider is » = 1650W/207pW which is
UVLO UAIZE Vinow A4 A5
49V AAEIT U 54 Figure 4. Application load profile for schematic in Figure 2
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Table 3. Application Load Profile Power Budget for Figure 2

1.8
5.0
1.5
5.0
19.9
Total Avg Power: 165,W  Total Avg. Power Loss: 37:W

Region 1 Wake

Region 2 Pre—Processing 8 0.6
Region 3 Rx/Tx 20 1
Region 4 Processing 8 0.5
Region 5 Rx/Tx 20 1
Region 6 Sleep/Idle 0.001 1000

Total Period: 1004ms

200luxll Al AM-18162 5] ALE- 7153t AP
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4.8 0.1 26.4 16 3
20 0.1 66.0 66 ®
4 0.0 26.4 13 3
20 0.1 66.0 66 5
1 995 0.003 3 0.02

80%. The available power from the AM-1816 at 200lux is
about 400pW. With a converter efficiency of about 80%, the
400pW powers the total 207uW average load with some
margin, drawing no power from the battery. If the light
conditions become less favorable, the available input power
may drop below that needed to maintain the output voltage.
The LTC3106 will then operate in “hiccup” mode turning on
as V,, increases above 4.2V and tumning off if V,, drops below
3.8V. With V,; off, power is then taken from Vi (primary
battery) until V,, recovers and increases above the 4.2V
threshold. If the light conditions become more favorable, V,,
will rise to the open-circuit voltage of the harvested source

and once again provide all of the load power.
Conclusion

Even though some energy harvesting sources only
provide low levels of useable power, as shown in the design
example in this article with a solar cell the size of a business
card, they are usually enough to power most wireless
sensors. The LTC3106 buck-boost DC/DC converter is
optimized for multiple input sources commonly found in
low power systems, and provides the necessary feature set
for a broad range energy harvesting applications. As a result,
the designers of energy harvesting systems, such as WSNs

now have useful and appropriate power conversion ICs to

greatly simplify the design task.
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