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Harvest Energy from a  
Single Photovoltaic Cell
Nathan Bourgoine

To simplify the distribution of wireless communications for 
instrumentation, monitoring and control applications, power supply 
designers strive for device grid-independence. Batteries, the 
immediately obvious solution, offer the illusion of grid independence, 
but require replacement or recharging, which means eventual 
connection to the grid and expensive human intervention and 
maintenance. Enter energy harvesting, where energy is collected 
from the instrument’s immediate environment, offering perpetual 
operation with no connection to the grid and minimal or no 
maintenance requirements. 

A variety of ambient energy sources can be harvested to produce electri-

cal power, including mechanical vibration, temperature differential and 

incident light. Linear Technology produces power management solutions 

that solve the problems specific to harvesting ambient low energy sources, 

including the LTC®3588 for vibration sources, the LTC3108/LTC3109 for 

thermal, and now the LTC3105 for photovoltaic energy harvesting applica-

tions. Photovoltaic energy harvesting is widely applicable, given that light 

is almost universally available, photovoltaic (PV) cells are relatively low 

cost and they produce relatively high power compared to other ambient 

energy harvesting solutions. Because of its relatively high energy output, 

photovoltaic energy harvesting can be used to power wireless sensor 

nodes, as well as higher power battery charging applications to extend 

battery life, in some cases eliminating tethered charging altogether. 

While high voltage stacks of series-connected photovoltaic cells are prolific, 

single PV-cell solutions are rare, due to the difficulty of generating useful 

power rails from the low voltage produced by a single PV cell under load. 

Few boost converters can produce outputs from a low voltage, relatively 

(continued on page 2)
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Figure 1. The simplest model for load regulation over 
resistive interconnections.
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high impedance single PV cell. The LTC3105, 

however, is designed specifically to meet these 

challenges. Its ultralow 250mV start-up volt-

age and programmable maximum power 

point control allow it to generate the typi-

cal voltage rails (1.8V–5V) required for most 

applications from challenging PV sources.

UNDERSTANDING PHOTOVOLTAIC CELL SOURCES

Photovoltaic sources can be electrically modeled by a current source con-

nected in parallel with a diode as shown in Figure 1. More complex models 

show secondary effects, but for our purposes this model is sufficient. 

Two common parameters that characterize a PV cell are the open cir-

cuit voltage and the short-circuit current. Typical curves for PV cell cur-

rent and voltage are shown in Figure 2. Note that the short-circuit current 

is the output of the model’s current generator while the open circuit volt-

age is the forward voltage of the model’s diode. As light levels increase, 

the current from the generator increases and the IV curves move up. 

To extract maximum power from the PV cell, the input resistance of the power 

converter must be matched to the output resistance of the cell, resulting in opera-

tion at the maximum power point. Figure 3 shows the power curve for a typical 

single photovoltaic cell. To ensure maximum power extraction, the output voltage 

of the PV cell should be operated at the peak of the power curve. The LTC3105 

adjusts the output current delivered to the load in order to maintain the PV cell 
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Figure 2. Typical photovoltaic cell IV curve

PO
W

ER
 (m

W
)

CELL VOLTAGE (V)

2 × 1 INCH POLYCRYSTALLINE CELL

0.60

90

0
0.1 0.2 0.3 0.4 0.5

10

20

30

40

50

60

70

80
BRIGHTER

DIMMER

Figure 3. Typical photovoltaic cell power curve

–

+

VCELL

Figure 1. Simple photovoltaic cell model

(LTC3105, continued from page 1)

(continued on page 4)

The LTC3105 enables autonomous remote sensor nodes, 
data collection systems and other applications that 
require grid independence and minimal maintenance.
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inches is sufficient to run many remote 

sensors and to trickle charge a battery. 

In contrast, devices operating from indoor 

lighting have far less energy available 

to them. Common indoor lighting is 

roughly 0.25% as strong as full sunlight 

(the huge difference in intensity between 

indoor lighting and sunlight is hard to 

perceive due to the human eye’s ability 

to adjust to a wide range of illumina-

tion levels). The dramatically lower light 

levels available to indoor applications 

presents design challenges. Even a large 

high efficiency crystalline cell with an 

area of four square inches generates 

only 860µW in typical office lighting.

CHOOSING THE MAXIMUM  
POWER POINT CONTROL VOLTAGE 

Figure 4 shows a model of the maxi-

mum power point control mechanism 

used by the LTC3105. Figure 3 shows 

the power curve for a PV cell. Note that 

PV cell power declines sharply from its 

peak as the cell voltage rises away from 

peak power. It is thus generally more 

desirable to err on the side of a lower-

than-ideal control voltage, rather than a 

higher voltage, because the power curve 

rolls off more sharply on the high side. 

When selecting the MPPC tracking volt-

age, various operating conditions must be 

considered. Typically, the maximum power 

point does not move substantially with 

changes in illumination. As a result, it is 

PO
W

ER
 (m

W
)

CELL VOLTAGE (V)

2 × 1 INCH POLYCRYSTALLINE CELL

0.60

90

0
0.1 0.2 0.3 0.4 0.5

10

20

30

40

50

60

70

80
BRIGHTER

MPPC VOLTAGE

DIMMER

Figure 5. Err on the side of a lower voltage when 
choosing a maximum power point voltage to avoid 
the steep drop-off
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Figure 6. Li-ion charging circuit

voltage at the voltage set by the maxi-

mum power point control pin. Therefore, 

a single programming resistor establishes 

the maximum power point and ensures 

maximum power extraction from the 

PV cell and peak output charging current.

HOW MUCH POWER IS AVAILABLE?

The amount of power that can be gener-

ated using a photovoltaic cell depends on 

a number of factors. The output power of 

the cell is proportional to the brightness of 

the light landing on the cell, the total area 

of the cell, and the efficiency of the cell. 

Most PV cells are rated for use under full 

direct sunlight (1000W/m2), but such ideal 

conditions are unlikely to occur in most 

applications. For devices operating from 

sunlight, the peak power available from 

the cell can easily change by a factor of ten 

from day to day due to weather, season, 

haze, dust, and incident angle of the sun-

light. Typical output power for a crystal-

line cell in full sunlight is about 40mW per 

square inch depending on cell characteris-

tics. A PV cell with an area of a few square 

(LTC3105, continued from page 2)
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Figure 4. Maximum power point control mechanism

While high voltage stacks of series-connected photovoltaic 
cells are prolific, single PV-cell solutions are rare, due 
to the difficulty of generating useful power rails from the 
low voltage produced by a single PV cell under load. 
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design features

CHOOSING THE RIGHT  
ENERGY STORAGE DEVICE

There are many alternatives for storing 

harvested energy, including a wide variety 

of rechargeable battery technologies and 

high energy density capacitors. No one 

technology is perfect for all applications. 

When selecting the storage element for 

your application, consider a number of 

factors, including the self-discharge rate, 

maximum charge and discharge current, 

voltage sensitivity, and cycle lifetime.

The self-discharge rate is particularly 

important in photovoltaic applications. 

Given the limited amount of charging 

current available in most photovoltaic 

power applications, a high self-discharge 

rate may consume a large portion of the 

available energy from the PV source. Some 

energy storage elements, such as large 

supercapacitors, may have self-discharge 

current in excess of 100µA, which could 

dramatically reduce the net charge 

accumulated over a daily charge cycle.

LI-ION BATTERY CHARGING  
IN OUTDOOR LIGHTING

One of the challenges faced by applica-

tions using a photovoltaic source is the 

lack of input power during darkness and 

low light conditions. For most applica-

tions this necessitates use of energy 

storage elements such as a supercapaci-

tor or rechargeable battery that is large 

enough to provide power throughout 

the longest expected dark period. 

Figure 7 shows the measured charging 

current profile using a 2” × 1” polycrys-

talline PV cell to charge a Li-ion bat-

tery using the LTC3105 circuit shown in 

Figure 6. The upper curve of Figure 7 

shows the charging current on a typical 

clear day with full sun. The lower curve 

shows the charging current observed 

over the course of a heavily overcast day. 

Even under these low light conditions a 

charging current of 250µA or more was 

maintained throughout the day totaling 

6mAh of charge delivered to the battery. 

possible to choose a single tracking voltage 

that provides operation near the maximum 

power point for a wide range of illumina-

tion levels. Even though the operating 

point will not be precisely at the maxi-

mum power point at extreme levels of illu-

mination, the reduction in output power 

from the ideal is usually only 5%–10%. 

For the power curve shown in Figure 5, an 

MPPC voltage of 0.4V yields performance 

near the maximum power point at either 

illumination extreme. The voltage dif-

ference from the maximum power point 

is approximately 20mV in both cases, 

resulting in a power loss of less than 3%. 

As a rule of thumb, the maximum power 

point control voltage should be around 

75%–80% of the open circuit voltage for 

the PV cell. Tracking the cell to this volt-

age results in a cell output current that is 

75%–80% of the short-circuit current. 

Figure 8. A Li-ion trickle charger operates from a single photovoltaic cell
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Figure 7. Charging profiles for two square inch 
photovoltaic cell

The LTC3105’s integrated maximum power point control and low voltage start-up 
functionality enable direct operation from a single PV cell and ensure optimal energy 
extraction. The LTC3105 can be used to directly power circuitry or for charging 
energy storage devices to allow operation through dark or low light periods.
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of each charge/discharge cycle can affect 

the lifetime of batteries, with deeper 

cycles leading to shorter life times.

With several battery types, notably lithium 

and thin film, the maximum and minimum 

voltage must be carefully controlled. The 

maximum charge voltage is well con-

trolled in LTC3105 applications since the 

converter terminates charging when the 

output comes into regulation. To prevent 

over-discharge, the LTC3105 can be used 

in conjunction with the LTC4071 shunt 

battery charger as shown in Figure 8.

CONCLUSION

The LTC3105 is a complete single chip solu-

tion for energy harvesting from low cost, 

single photovoltaic cells. Its integrated 

maximum power point control and low 

voltage start-up functionality enable direct 

operation from a single PV cell and ensure 

optimal energy extraction. The LTC3105 

can be used to directly power circuitry 

or for charging energy storage devices to 

allow operation through dark or low light 

periods. The LTC3105 makes it possible 

to produce autonomous remote sensor 

nodes, data collection systems and other 

applications that require grid indepen-

dence and minimal maintenance. n

Another key consideration is the rate at 

which the energy storage device can be 

charged. For example, a lithium coin cell 

with a maximum charging current of 

300µA requires a large resistor between 

it and the output of the LTC3105 in order 

to prevent overcurrent conditions. This 

can put a limit on the amount of energy 

harvested, decreasing the amount of 

energy available to the application.

In many cases the charge rate is propor-

tional to another important factor, cycle 

lifetime. The cycle life of a storage ele-

ment determines how long it can oper-

ate in the field without maintenance. 

Generally, faster charging and discharging 

reduces the operational life of the ele-

ment. Supercapacitors offer very good 

cycle life, while batteries charged with 

relatively high currents (charge > 1C) 

have degraded lifetimes. In addition to 

the charge and discharge rate, the depth 

Figure 9. Single-cell photovoltaic NiMH trickle charger
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Figure 10. Single-cell-powered remote wireless sensor

The LTC3105 is a complete single-chip 
solution for energy harvesting from low 
cost, single photovoltaic cells.   


