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(57) ABSTRACT 

System, method, and apparatus are provided for harvesting 
electrical energy from a photovoltaic source of electrical 
energy. The photovoltaic source has power-generating char 
acteristics de?ned by a family of voltage-current curves com 
prising points of maximum electrical power over a respective 
range of at least one of the following for the photovoltaic 
source: distinct illumination intensities and distinct tempera 
tures. The apparatus is made up of a switching converter 
coupled to the photovoltaic source. The converter has an input 
voltage-current curve having a prede?ned functional relation 
ship between the input voltage and the input current. The 
prede?ned functional relationship of the input voltage-cur 
rent curve of the converter is con?gured to provide during 
operation of the converter an approximation with respect to at 
least some of the points of maximum electrical power for the 
photovoltaic source without having to perform current and 
voltage calculations corresponding to a maximum power 
from the photovoltaic source. 
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SYSTEM, METHOD, AND APPARATUS FOR 
EXTRACTING POWER FROM A 

PHOTOVOLTAIC SOURCE OF ELECTRICAL 
ENERGY 

FIELD OF THE INVENTION 

[0001] The present invention is generally related to harvest 
ing electrical power from a source of electrical energy, and, 
more particularly, to system and method for extracting, under 
a Wide variety of operational and/or environmental condi 
tions, maximum or near-maximum electrical poWer from a 
source of electrical energy, such as a photovoltaic (PV) poWer 
source, a fuel cell or a battery. 

BACKGROUND OF THE INVENTION 

[0002] For a given level of insolation (illumination inten 
sity), a photovoltaic (PV) energy source may be characterized 
by a graph of current versus voltage, generally referred to as 
the current-voltage (I -V) curve. It is knoWn that When the PV 
source is uniformly illuminated, then such a PV source typi 
cally has one unique value of current and voltage at Which 
maximum electrical poWer can be extracted for a given illu 
mination intensity and/or temperature. 
[0003] To extract maximum electrical poWer, an electrical 
load connected to the PV source must be adjusted such that 
the I-V curve of the load intersects the I-V curve of the PV 
source at the maximum poWer point. This is commonly 
achieved by coupling to the PV source an active load, such as 
a sWitching poWer converter, controlled to dynamically seek 
the maximum poWer point of the PV source by adjusting its 
respective I-V characteristics as a function of sensed PV 
source characteristics. 

[0004] The sWitching poWer converter, also referred to as 
the PV load converter, may be con?gured to output useful 
electrical poWer, Which may be processed by additional con 
ver‘ters or supplied directly to the Working load. The poWer of 
the PV source may be monitored by a suitable poWer monitor 
means, and a maximum poWer point tracking algorithm may 
then be processed in a suitable processor to determine hoW to 
dynamically adjust the sWitching converter operation such 
that its input I-V curve intersects the I-V curve of the PV 
source at the maximum poWer point. A generated control 
signal resulting from the processing of the algorithm is fed to 
the converter so that it may be adjusted in such a manner. In 
this setup it is generally presumed that the Working load Will 
use essentially all of the available poWer of the PV source. 

[0005] A PV system equipped With maximum poWer point 
tracking should, in theory, be able to dynamically track 
changes due to variations in the environment of the PV source 
and/ or due to aging of the PV source and should extract 
maximum electrical poWer during the operation of the PV 
system. In practice, hoWever, there are some issues concomi 
tant With maximum poWer tracking techniques. First, the 
implementation of the tracking algorithm in a processor 
requires an incremental consumption of electrical poWer for 
poWering such a processor, thus reducing harvesting e?i 
ciency of the PV system. Second, maximum poWer tracking is 
generally much more complex than j ust regulating the sWitch 
ing converter to a reference and the sWitching operation of the 
converter can interfere With appropriately determining the 
maximum poWer point and, in some cases, is prone to opera 
tional instabilities While seeking to solve the maximum poWer 
point algorithm. Third, poWer tracking algorithms commonly 
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require sensing of both current and voltage of the PV source. 
This current sensing often results in additional losses, thus 
further reducing the overall ef?ciency of the PV system. 
[0006] Thus, it Would be desirable to provide a photovoltaic 
system not subject to the foregoing issues. It Would be further 
desirable to use any of various relatively loW cost and reliable 
PV load converter topologies With I-V curve characteristics 
suitable for combined integration (e.g., poWer stacking) of 
multiple PV sources, thereby leading to ef?ciencies of scale, 
such as may be conducive to constructing a large PV array 
With any desired number of basic photovoltaic modules. 

BRIEF DESCRIPTION OF THE INVENTION 

[0007] Generally, the present invention ful?lls the forego 
ing needs by providing, in one aspect thereof, a photovoltaic 
system that includes a photovoltaic source of electrical 
energy. The photovoltaic source has poWer-generating char 
acteristics de?ned by a family of voltage-current curves com 
prising points of maximum electrical poWer over a respective 
range of at least one of the folloWing for the photovoltaic 
source: distinct illumination intensities and distinct tempera 
tures. A sWitching converter is coupled to the photovoltaic 
source, Wherein the converter comprises an input voltage 
current curve having a prede?ned functional relationship 
betWeen the input voltage and the input current. The pre 
de?ned functional relationship of the input voltage-current 
curve of the converter is con?gured to provide during opera 
tion of the converter an approximation With respect to at least 
some of the points of maximum electrical poWer for the 
photovoltaic source Without having to perform current and 
voltage calculations corresponding to a maximum poWer 
from the photovoltaic source. 
[0008] In another aspect thereof, the present invention fur 
ther ful?lls the foregoing needs by providing a method for 
harvesting electrical poWer from a photovoltaic system. The 
method de?nes poWer-generating characteristics of a photo 
voltaic source of electrical energy by a family of voltage 
current curves comprising points of maximum electrical 
poWer over a respective range of at least one of the folloWing 
for the photovoltaic source: distinct illumination intensities 
and distinct temperatures. The method alloWs coupling a 
sWitching converter to the photovoltaic source, Wherein the 
converter comprises an input voltage-current curve having a 
prede?ned functional relationship betWeen the input voltage 
and the input current. The converter is operated to approxi 
mate at least some of the points of maximum electrical poWer 
for the photovoltaic source based on a con?guration of the 
prede?ned functional relationship of the input voltage-cur 
rent curve of the converter Without having to perform current 
and voltage calculations corresponding to a maximum poWer 
from the photovoltaic source. 
[0009] In yet another aspect thereof, the present invention 
further ful?lls the foregoing needs by providing apparatus for 
harvesting electrical energy from a photovoltaic source of 
electrical energy. The photovoltaic source has poWer-gener 
ating characteristics de?ned by a family of voltage-current 
curves comprising points of maximum electrical poWer over 
a respective range of at least one of the folloWing for the 
photovoltaic source: distinct illumination intensities and dis 
tinct temperatures. The apparatus comprises a sWitching con 
ver‘ter coupled to the photovoltaic source, Wherein the con 
ver‘ter comprises an input voltage-current curve having a 
prede?ned functional relationship betWeen the input voltage 
and the input current. The prede?ned functional relationship 
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of the input voltage-current curve of the converter is con?g 
ured to provide during operation of the converter an approxi 
mation With respect to at least some of the points of maximum 
electrical poWer for the photovoltaic source Without having to 
perform current and voltage calculations corresponding to a 
maximum poWer from the photovoltaic source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The features and advantages of the present invention 
Will become apparent from the following detailed description 
of the invention When read With the accompanying draWings 
in Which: 
[0011] FIG. 1 is a block diagram representation of an 
example embodiment of a photovoltaic system embodying 
aspects of the present invention. 
[0012] FIG. 2 shoWs example I-V curves of a PV source at 
various illumination levels. FIG. 2 further shoWs a graph of an 
example of a maximum poWer-generation curve of the PV 
source that intersects the various I-V curves. Also FIG. 2 
shoWs tWo example embodiments of input I-V curves for a 
poWer converter embodying aspects of the present invention; 
[0013] FIG. 3 is a block diagram representation of an 
example embodiment of a converter con?gured to provide an 
input I-V curve having a linear ?t approximation With a 
voltage offset; 
[0014] FIG. 4 is a block diagram representation of an 
example embodiment of a PV system With a converter con 
?gured to provide an input I-V curve having a cubic ?t 
approximation; and 
[0015] FIG. 5 is a block diagram representation of an 
example embodiment of a PV system embodying aspects of 
the present invention Wherein the input I-V curve of the 
converter may be adjusted as a function of PV source tem 
perature. 
[0016] FIG. 6 is a block diagram representation of an 
example embodiment of a PV system made up of a PV modu 
lar array embodying aspects of the present invention, Wherein 
each module converter therein may be interconnected to other 
such converters to provide a desired poWer scalability. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] The inventors of the present invention propose an 
innovative photovoltaic (PV) system and/or methodology 
that may be advantageously used to extract, under a Wide 
variety of operational and/or environmental conditions, 
maximum or near-maximum electrical poWer from a source 

of electrical energy, such as photovoltaic (PV) poWer source, 
as may be made up of a single photovoltaic cell or a photo 
voltaic module in the case of a battery of cells. Advantageous 
aspects of the present invention eliminate the need of having 
to utiliZe maximum poWer tracking circuitry and control for 
such circuitry, and thus avoid issues concomitant With maxi 
mum poWer tracking circuitry or control. For example, 
aspects of the present invention avoid having to utiliZe pro 
cessing means for implementing a maximum poWer tracking 
algorithm and lead to incremental savings of electrical poWer 
since one does not have to electrically poWer such processing 
means. Moreover, aspects of the present invention lead to 
incremental cost reductions in the PV system since the cost 
that otherWise Would be required to provide such processing 
means is eliminated. 

[0018] As shoWn in FIG. 1, a photovoltaic system embody 
ing aspects of the present invention may comprise a sWitching 
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converter 12, such as DC-to-DC converter, as may be electri 
cally coupled betWeen a PV source 14 and an electrical load 
16, Wherein the input I-V curve of the sWitching converter is 
con?gured so that under a variety of operational and/ or envi 
ronmental conditions, maximum or near-maximum poWer is 
extracted from the PV source, Without having to perform 
maximum poWer point tracking. In one example embodi 
ment, the converter may comprise an input voltage-current 
curve having a prede?ned functional relationship betWeen the 
input voltage and the input current. Examples of such a pre 
de?ned functional relationship betWeen the input voltage and 
the input current may be a linear relationship or a cubic 
relationship, as discussed in greater detail beloW. 

[0019] The prede?ned functional relationship of the input 
voltage-current curve of the converter may be con?gured to 
provide during operation of the converter an approximation 
With respect to at least some of the points of maximum elec 
trical poWer for the photovoltaic source Without having to 
perform current and voltage calculations corresponding to a 
maximum poWer from the photovoltaic source. It Will be 
appreciated by those skilled in the art that the approximation 
With respect to at least some of the points of maximum elec 
trical poWer for the photovoltaic source may be achieved by 
Way of various methodologies, such as a least square ?t over 
a given poWer range, or one may choose the input voltage 
current curve of the converter to intersect both a loWer poWer 
point and an upper poWer point While a least square ?t may be 
performed for any intermediate poWer points betWeen the 
loWer poWer point and the upper poWer point. It Will be 
understood that the use of a least square ?t technique is just 
one example of a technique that may be used for determining 
(e.g., quantifying) the approximation provided by the pre 
de?ned functional relationship of the input voltage-current 
curve of the converter With respect to at least some of the 
points of maximum electrical poWer for the photovoltaic 
source and is not part of the converter control algorithm. 
Another example of a realiZable approximation strategy may 
be implemented in a case Where one has accumulated su?i 
cient data to statistically determine a likely average poWer 
point of operation of the PV source. In this case the input 
voltage-current curve of the converter may be con?gured to 
approximate such likely average poWer point of operation. It 
Will be appreciated that such average may vary as a function 
of factors, such as season (e.g., time of year), geographical 
location, temperature, etc. 
[0020] FIG. 2 shoWs an example of a family of input I-V 
curves of a PV source at various illuminations levels (such as 
I-V curves 20, 22 24, 26, and 28). FIG. 2 further shoWs a graph 
of an example of the maximum poWer curve of the PV source 
(curve 30) that intersects the various I-V curves. Also FIG. 2 
shoWs tWo example embodiments of possible input I-V 
curves for the poWer sWitching converter. A ?rst example 
input I-V curve for the poWer sWitching converter may com 
prise a linear ?t approximation 32, as may be based on a 
resistive function With a voltage offset along the voltage axis 
selected to bring this curve proximate to the maximum poWer 
point curve 30. A second example input I-V curve for the 
poWer sWitching converter may comprise a cubic ?t approxi 
mation 34. 

[0021] As Will be appreciated by those skilled in the art, 
there are multiple techniques to achieve an appropriate I-V 
input curve in the sWitching converter. For example, one may 
use sensing and feedback control techniques to cause the 
converter to exhibit the desired input I-V curve characteris 
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tics. In accordance With aspects of the present invention, it is 
proposed to utilize any of various commercially available 
converter topologies that naturally exhibit a desired input I-V 
curve With minimal or no additional control. One straightfor 
Ward example is to use any of a class of switching converters 
With a linear I-V curve. For example, linear resistor emula 
tors, such as those comprising high poWer factor recti?ers, 
can generate a linear I-V curve, as de?ned by the folloWing 
relationship: IIKI *V, Where K1 is a constant that may be 
adjusted based on the requirements of a given application. 
[0022] One basic consideration in practical PV systems is 
that the amount of current and/ or voltage supplied by the PV 
source is likely to change substantially due to the Wide 
changes that can occur in illumination intensity and/or tem 
perature. That is, a practical PV system may be substantially 
dependent on the illumination intensity, ambient temperature, 
location of installation, and combination of the foregoing. It 
has been observed that a linear ?t through the origin of the I-V 
plane, While uncomplicated to realiZe and useful in many 
applications, may not necessarily provide the optimum input 
I-V curve for maximiZing the poWer extraction from the PV 
source for cases subject to a Wide range of operating condi 
tions. In such cases, improved performance can be obtained 
When the load converter input I-V curve has a relatively high 
slope (i.e., relatively high conductance) near the vicinity of 
the maximum poWer point of the I-V curve of the PV source. 
One example means to achieve this goal is to use a converter 
With a relatively sharp slope (e.g., providing a linear ?t 
approximation) for its input I-V curve, Which is also appro 
priately offset along the voltage axis so that the linear ?t 
approximation intersects the PV source I-V curve near the 
maximum poWer point, as shoWn in FIG. 2 (input I-V curve 
32). Another example means to accomplish the same goal is 
to use a converter With a curve of increasing slope, (e.g., a 
cubic ?t approximation) also shoWn in FIG. 2 (input I-V curve 
34). The description beloW Will provide some example 
embodiments of sWitching converter topologies that may be 
used to realiZe such example input I-V curves in the poWer 
sWitching converter. 
[0023] FIG. 3 is a block diagram of an example implemen 
tation of a converter circuitry 40 con?gured to provide an 
input I-V curve having a linear ?t With a voltage offset (such 
as input I-V curve 32 in FIG. 2). For example, a proportional 
integral-derivative (PID) controller 42 may be con?gured to 
process an output signal from summer 41 that combines a 
voltage signal (Vin) and a current signal (Iin), (as may be 
scaled by a suitable scaling factor (Req)) to output an error 
signal exhibiting a linear ?t. See, for example, inset 45. A 
summer 46 combines the output signal from PID controller 
42 and an offset voltage to generate a signal that (may be used 
as the pulse-Width modulation (PWM) setpoint for the con 
verter) exhibits the linear ?t plus the voltage offset. See, for 
example, inset 48. By Way of example, the circuitry illustrated 
in FIG. 3 can be implemented using the functional blocks 
available in a standard off-the-shelf PWM regulator (such as 
regulator part No. UC3854, commercially available from 
Texas Instruments) that can be implemented in a variety of 
single sWitch converter topologies, such as buck/boost, buck 
or boost converters. Temperature compensation can be 
optionally implemented by adjusting the offset reference as a 
function of a sensed parameter indicative of temperature of 
the PV source, for example. 
[0024] FIG. 4 is a block diagram of one example imple 
mentation of a PV system 60 With a converter 62 con?gured 
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as a ?yback converter to provide an input I-V curve having a 
cubic ?t approximation, (such as input I-V curve 34 in FIG. 
2). Converter 62 includes a pulse-Width modulator (PWM) 64 
that generates a pulse Waveform of a prede?ned frequency 
and has a pulse duty cycle D proportional to a voltage VD 
supplied by a gain ampli?er 66. The output of PWM 64 is 
coupled to a gating terminal of a semiconductor poWer sWitch 
Q1, such as a MOSFET sWitch. FIG. 4 further shoWs a pair of 
coupled inductors L l and L2, a diode D l and a ?lter capacitor 
Com coupled to a given electrical load 67. The ?yback con 
verter may be designed to operate in discontinuous conduc 
tion mode (DCM), and such operation Would be Well knoWn 
to one skilled in the art. It can be shoWn that the DCM ?yback 
converter input I-V curve is given by I:V*D2/K2, Where D is 
the converter duty cycle, i.e. the control input, and K2 is a 
constant. Thus, the current is proportional to the input voltage 
V, Which generates a linear I-V curve. If one senses voltage V 
from a PV source 68 to output a sensed voltage Vsense, using 
for example a resistive divider netWork (e.g, resistors R1 and 
R2), and the voltage Vsense is fed to gain ampli?er 66, then the 
duty cycle D becomes proportional to V. That is, DIK3 *V, 
Where K3 is a constant, and thus the relationship for current I 
as a function of voltage V becomes IIV3 *K32/K2. That is, the 
current I is proportional to V3 , as desired. 

[0025] To further improve operational performance, 
aspects of the present invention contemplate that the input I-V 
curve of the converter may be adjusted as a function of PV 
source temperature so that the input I-V curve, for example, 
shifts along the voltage axis as a function of PV source tem 
perature. The sensing of a parameter indicative of tempera 
ture of the PV source may be accomplished With a thermistor 
or other temperature sensor on an integrated circuit, such as 
may be part of the converter circuitry. Since in some applica 
tions, the PV source and converter circuitry may be integrated 
and thermally coupled to one another in a common package, 
this temperature sensing may be readily accomplished in 
multiple Ways. For example, it is contemplated that in some 
applications, the temperature sensor may be a redundant, 
optionally shaded PV cell mounted With the other cells of the 
PV source. For example, a section of the photovoltaic source 
may be masked to avoid a response due to illumination, and 
an electrical signal from the masked section may be used for 
sensing temperature of the photovoltaic source. As Will be 
appreciated by those skilled in the art, various combinations 
of physical proximity and conductive path characteristics 
may be used for achieving a desired thermal coupling for a 
given application. Moreover, the thermal coupling may be 
con?gured so that in one example embodiment the PV source 
and converter circuitry may be at substantially the same tem 
perature or optionally at a predictable temperature offset With 
respect to one another. 

[0026] Aspects of the present invention recogniZe that vari 
ous techniques may be used for obtaining a temperature indi 
cation of a PV source 70, such as illustrated in FIG. 5. For 
example, a temperature sensor 72 may be an integral part of a 
respective integrated circuit in a converter circuitry 74. For 
example, the temperature sensor may sense temperature 
variation of the integrated circuit (and thus of a PV source 
thermally coupled to the integrated circuit) by utiliZing a 
thermally-sensitive voltage reference therein, such as a band 
gap reference of a semiconductor device. 

[0027] In another example, the temperature sensor may 
utiliZe an external voltage reference coupled to drive a ther 
mally-sensitive electrical component in the integrated circuit, 
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such as a resistor, diode, capacitor, or a transistor. In yet 
another example, the temperature sensor may sense tempera 
ture in the respective integrated circuit by monitoring, for 
example, a diode current leakage. That is, some of the cir 
cuitry that is part of the integrated circuit (typically used for 
conditioning or processing the signals from the PV source) 
may be used for obtaining a temperature indication of the PV 
source. Also the temperature sensor may be assembled onto 
suitable pads built in the integrated circuit, such as a surface 
mounted miniature thermistor mounted on diode pads. It Will 
be appreciated that the temperature sensor need not be inte 
gral to a respective integrated circuit, since, for example, the 
temperature sensor may be disposed external to the integrated 
circuit, such as mounted on an outer surface thermally 
coupled to the integrated circuit. In one example embodi 
ment, this thermally-sensitive electrical component (e.g., 
functioning as a temperature sensor) can be directly mounted 
to the rear side of the PV cell or PV module. For example, the 
photovoltaic source may include a ?rst face exposed to illu 
mination and a second face opposite the ?rst face not exposed 
to illumination. It is contemplated that in this example 
embodiment the converter may be integrated With the photo 
voltaic source at the second face of the PV cell or PV module. 
That is, the non-illuminated face of the PV cell or PV module. 

[0028] In some applications, an array of PV modules may 
be needed because a single PV module may not be capable of 
supplying enough poWer, as may be required in a given poWer 
application. Achieving poWer scaling in practical PV arrays 
has presented some di?iculties. For instance, in knoWn PV 
arrays, it may not be possible to continue to increment the 
number of PV modules that may be connected to achieve a 
desired poWer rating. This is due to the possibility that incom 
patibilities may develop betWeen the respective input and 
output I-V characteristics of the converters to be connected. 
Moreover, in PV systems equipped With a maximum poWer 
point tracking algorithm, such algorithms may be unable to 
determine the maximum poWer point of a plurality of PV 
modules, such as may occur When a subset of individual PV 
modules in a PV modular array become shaded. This partial 
shading modi?es the shape of the composite I-V curve of the 
PV array in a manner that substantially increases the com 
plexity of maximum poWer tracking such that there may be a 
need for determining both local and global maximum poWer 
point tracking algorithms. Thus, knoWn PV arrays may be 
limited in the number of PV modules that can be intercon 
nected to one another, and consequently may lack the ability 
to provide the desired poWer scalability. 
[0029] It is noted that yet another advantage provided by 
converters With the input I-V curves embodying aspects of the 
present invention is that the respective output I-V curves of 
such converters exhibit characteristic suitable for sharing 
electrical poWer When connected together to one another, as 
shoWn in FIG. 6. This is conducive to combining the poWer 
output from multiple PV modules, such as modules 80 and 82 
including respective PV sources 84 and 86. This bene?t may 
be achieved When the PV load converter’s input I-V curve is 
independent of the PV load converter’s output, as is the case 
in connection With the example input I-V curves discussed 
above. Thus, each PV load converter Will act as a poWer 
source, providing advantageous poWer scaling capabilities. 
Each converter becomes a poWer source and can be connected 
in any desired manner, such as in a series circuit, in a parallel 
circuit, or series/parallel circuit combinations, to other such 
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converters that may be part of a PV modular array, provided 
the Working load uses essentially all the poWer delivered by 
the PV sources. 

[0030] Although speci?c example embodiments have been 
described above for some example input I-V curve character 
istics, beloW are provided some generic helpful conditions 
regarding the input I-V curve characteristics of the converter: 
[0031] l. Slope of the input I-V curve is positive at the 
intersection of the PV source’s I-V curve and the PV load 
converter’s input I-V curve. 
[0032] 2. A line draWn tangent to the PV load converter’s 
input curve at the intersection With the PV source curve 
should intersect the current-axis beloW Isc (short circuit cur 
rent) or the voltage-axis beloW Voc (open circuit Voltage). 
[0033] 3. Intersection of the PV source’s I-V curve and the 
PV load converter’s input I-V curve should be at or near the 
maximum poWer point under typical operating conditions. 
Operation should be at theoretical maximum for at least one 
point under the set of all operating conditions. 
[0034] While preferred embodiments of the present inven 
tion have been shoWn and described herein, such embodi 
ments are provided by Way of example only. Numerous varia 
tions, changes and substitutions Will occur to those of skill in 
the art Without departing from the invention herein. Accord 
ingly, it is intended that the invention be limited only by the 
spirit and scope of the appended claims. 

What is claimed is: 
1. A photovoltaic system comprising: 
a photovoltaic source of electrical energy, the photovoltaic 

source comprising poWer-generating characteristics 
de?ned by a family of voltage-current curves compris 
ing points of maximum electrical poWer over a respec 
tive range of at least one of the folloWing for the photo 
voltaic source: distinct illumination intensities and 
distinct temperatures; 

a sWitching converter coupled to the photovoltaic source, 
Wherein the converter comprises an input voltage-cur 
rent curve having a prede?ned functional relationship 
betWeen the input voltage and the input current, the 
prede?ned functional relationship of the input voltage 
current curve of the converter con?gured to provide 
during operation of the converter an approximation With 
respect to at least some of the points of maximum elec 
trical poWer for the photovoltaic source Without having 
to perform current and voltage calculations correspond 
ing to a maximum poWer from the photovoltaic source. 

2. The photovoltaic system of claim 1 Wherein the input 
voltage-current curve of the converter comprises a linear ?t 
approximation With respect to at least some of the points of 
maximum electrical poWer for the photovoltaic source. 

3. The photovoltaic system of claim 1 Wherein the input 
voltage-current curve of the converter comprises a cubic ?t 
approximation With respect to at least some of the points of 
maximum electrical poWer. 

4. The photovoltaic system of claim 2 Where the sWitching 
converter comprises a type of converter selected from the 
group consisting of a ?yback, a buck-boost, and a buck or 
boost type of converter. 

5. The photovoltaic system of claim 2 Where the sWitching 
converter comprises a buck-boost type of converter compris 
ing further con?gured to provide a voltage offset along a 
voltage axis of the input voltage-current curve comprising the 
linear ?t approximation. 
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6. The photovoltaic system of claim 5 Where a value for the 
voltage offset is varied based on a sensed temperature of the 
photovoltaic source. 

7. The photovoltaic system of claim 6 Wherein a section of 
the photovoltaic source is masked to avoid a response due to 
illumination, and Wherein an electrical signal from the 
masked section is used for sensing temperature of the photo 
voltaic source. 

8. The photovoltaic system of claim 3 Where the converter 
comprises a ?yback type of converter. 

9. The photovoltaic system of claim 1 comprising a plural 
ity of sWitching converters each coupled to receive electrical 
poWer from a respective photovoltaic source, Wherein each 
individual converter comprises an input voltage-current curve 
having a prede?ned functional relationship betWeen the input 
voltage and the input current con?gured to provide an 
approximation With respect to at least some of the points of 
maximum electrical poWer for the respective photovoltaic 
source, and further Wherein each individual converter output 
is connected to one another to form a circuit combination so 
that a desired scaling of output poWer is reached. 

10. The photovoltaic system of claim 9 Wherein the circuit 
combination is selected from a group consisting of a series 
circuit, a parallel circuit and a combination of the foregoing 
circuits. 

11. The photovoltaic system of claim 9 Wherein each indi 
vidual converter comprises a DC-to-DC converter. 

12. The photovoltaic system of claim 1 Wherein the pho 
tovoltaic source comprises a ?rst face exposed to illumination 
and a second face opposite the ?rst face not exposed to illu 
mination and Wherein the converter is integrated With the 
photovoltaic source t the second face thereof. 

13. A method for harvesting electrical poWer from a pho 
tovoltaic system, the method comprising: 

de?ning poWer-generating characteristics of a photovoltaic 
source of electrical energy by a family of voltage-current 
curves comprising points of maximum electrical poWer 
over a respective range of at least one of the folloWing for 
the photovoltaic source: distinct illumination intensities 
and distinct temperatures; 

coupling a sWitching converter to the photovoltaic source, 
Wherein the converter comprises an input voltage-cur 
rent curve having a prede?ned functional relationship 
betWeen the input voltage and the input current; and 

operating the converter to approximate at least some of the 
points of maximum electrical poWer for the photovoltaic 
based on a con?guration of the prede?ned functional 
relationship of the input voltage-current curve of the 
converter Without having to perform current and voltage 
calculations corresponding to a maximum poWer from 
the photovoltaic source. 

14. The method of claim 13 Wherein the input voltage 
current curve of the converter comprises a linear ?t approxi 
mation With respect to at least some of the points of maximum 
electrical poWer. 

15. The method of claim 13 Wherein the input voltage 
current curve of the converter comprises a cubic ?t approxi 
mation With respect to at least some of the points of maximum 
electrical poWer. 

16. The method of claim 13 Wherein the input voltage 
current curve of the converter is con?gured to provide a linear 
?t approximation and is further con?gured to provide a volt 
age offset along a voltage axis of the input voltage-current 
curve. 
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17. The method of claim 16 further comprising sensing a 
parameter indicative of temperature of the photovoltaic 
source, and using the sensed parameter to determine a value 
for the voltage offset. 

18. The method of claim 13 further comprising coupling a 
plurality of sWitching converters to receive electrical poWer 
from a respective photovoltaic source, Wherein each indi 
vidual converter comprises an input voltage-current curve 
having a prede?ned functional relationship betWeen the input 
voltage and the input current con?gured to provide an 
approximation With respect to at least some of the points of 
maximum electrical poWer for the respective photovoltaic 
source, and further Wherein each individual converter output 
is connected to one another to form a circuit combination so 
that a desired scaling of output poWer is reached. 

19. The method of claim 18 further comprising selecting 
the circuit combination from a group consisting of a series 
circuit, a parallel circuit and a combination of the foregoing 
circuits. 

20. Apparatus for harvesting electrical energy from a pho 
tovoltaic source of electrical energy, the photovoltaic source 
comprising poWer-generating characteristics de?ned by a 
family of voltage-current curves comprising points of maxi 
mum electrical poWer over a respective range of at least one of 
the folloWing for the photovoltaic source: distinct illumina 
tion intensities and distinct temperatures, the apparatus com 
prising; 

a sWitching converter coupled to the photovoltaic source, 
Wherein the converter comprises an input voltage-cur 
rent curve having a prede?ned functional relationship 
betWeen the input voltage and the input current, the 
prede?ned functional relationship of the input voltage 
current curve of the converter con?gured to provide 
during operation of the converter an approximation With 
respect to at least some of the points of maximum elec 
trical poWer for the photovoltaic source Without having 
to perform current and voltage calculations correspond 
ing to a maximum poWer from the photovoltaic source. 

21. The apparatus of claim 20 Wherein the input voltage 
current curve of the converter comprises a linear ?t approxi 
mation With respect to at least some of the points of maximum 
electrical poWer for the photovoltaic source. 

22. The apparatus of claim 20 Wherein the input voltage 
current curve of the converter comprises a cubic ?t approxi 
mation With respect to at least some of the points of maximum 
electrical poWer. 

23. The apparatus of claim 21 Where the sWitching con 
verter comprises a type of converter selected from the group 
consisting of a ?yback, a buck-boost, and a buck orboost type 
of converter. 

24. The apparatus of claim 21 Where the sWitching con 
verter comprises a buck-boost type of converter comprising 
further con?gured to provide a voltage offset along a voltage 
axis of the input voltage-current curve comprising the linear 
?t approximation. 

25. The apparatus of claim 24 Where a value for the voltage 
offset is varied based on a sensed temperature of the photo 
voltaic source. 

26. The apparatus of claim 22 Where the converter com 
prises a ?yback type of converter. 

27. The apparatus of claim 20 comprising a plurality of 
sWitching converters each coupled to receive electrical poWer 
from a respective photovoltaic source, Wherein each indi 
vidual converter comprises an input voltage-current curve 
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having a prede?ned functional relationship between the input 28. The apparatus of claim 27 Wherein the circuit combi 
voltage and the input current con?gured to provide an nation is selected from a group consisting of a series circuit, 
approximation With respect to at least some of the points of a parallel circuit and a combination of the foregoing circuits. 
maximum electrical poWer forthe the respective photovoltaic 29_ The apparatus of claim 27 wherein each individual 
source, and further Wherein each individual converter output Convener comprises a DC-IO-DC converter, 
is connected to one another to form a circuit combination so 
that a desired scaling of output poWer is reached. * * * * * 


