
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
25 January 2007 (25.01.2007) PCT WO 2007/010326 Al

(51) International Patent Classification: CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
HOlL 31/04 (2006.01) HOlL 31/05 (2006.01) GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
H02J 7/00 (2006.01) KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,MA,

MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
(21) International Application Number: OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,

PCT/IB2005/003343 SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW

(22) International Filing Date: 20 July 2005 (20.07.2005)
(84) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(26) Publication Language: English ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

(71) Applicant (for all designated States except US): ECOSOL FR, GB, GR, HU, IE, IS, IT, LT, LU, LV,MC, NL, PL, PT,
SOLAR TECHNOLOGIES, INC. [CA/CA]; 62, Valley RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
Forge Drive, East Brunswick, NJ 08816 (US). GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(72) Inventors; and Declaration under Rule 4.17:
(75) Inventors/Applicants (for US only): ZHU, Zuohang — of inventorship (Rule 4.17(iv))for US only

[CA/CA]; 256 Scout Street, Ottawa, Ontario K2C 4E6
(CA). KULAR, Andrew, C. [CA/CA]; 7 Hinton Avenue Published:
N., Ottawa, Ontario KlY 4Pl (CA). — with international search report

(81) Designated States (unless otherwise indicated, for every For two-letter codes and other abbreviations, refer to the "G uid

kind of national protection available): AE, AG, AL, AM, ance Notes on Codes and Abbreviations" appearing at the beg in
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, ning of each regular issue of the PCT Gazette.

(54) Title: A PHOTOVOLTAIC POWER OUTPUT-UTILIZING DEVICE

(57) Abstract: Briefly described, the invention provides a photovoltaic assembly power output utilizing device which partially
charges a capacitor assembly. This capacitor assembly is then partially discharged by a DC/DC power converter in different ranges
of voltages in which the power output from the photovoltaic assembly peaks for different light intensities.



TITLE: A PHOTOVOLTAIC POWER OUTPUT-UTILIZING DEVICE

INVENTORS: Zuohang Zhu
Andrew C. Kular

FIELD OF THE INVENTION

The present invention relates to a photovoltaic power output-utilizing device.

BACKGROUND OF THE INVENTION

In, for example, U.S. patent No. 3,921,049, issued to G. Mellors et al. on

November 18, 1975, a photovoltaic assembly for charging a battery is described. The

photovoltaic assembly is simply connected to the battery to be charged with a diode

between them. This diode prevents reverse current flow when the photovoltaic assembly

is not subjected to sufficient light intensity for the photovoltaic assembly output voltage

to be greater than the battery voltage plus the diode forward voltage.

While the device of G Mellors et al. is useful, any light intensity to which the

photovoltaic assembly is subjected, which can not generate a voltage greater than the

combined voltage of the battery and the diode, will not activate the photovoltaic assembly

to output a charge current. As a result, power outputs at these light intensities are not

utilized. This situation worsens as the battery voltage increases as it is being charged.

There is a need for a photovoltaic assembly power output-utilizing device which

utilizes, more effectively, available light. In particular, a photovoltaic assembly is

desired which outputs over a wide range of light intensity to which the photovoltaic

assembly is subjected.

In U.S. patent No. 6,367,259, issued to M . Timm on April 9, 2002, it has also

been proposed to accumulate electrical energy from a photovoltaic assembly through a

capacitor and a control circuit, and then directly discharge the capacitor to, for example,

an electric motor once there is enough energy accumulated in the capacitor to run the

electric motor.



While the device described in the Timm patent is useful, the range of the voltages

in which the capacitor is discharged determines the power output from the photovoltaic

assembly, and the operating voltage range of the electric motor determines this range.

This range of voltages will not provide the greatest power output that the photovoltaic

assembly is capable of providing.

There is a need for a photovoltaic power output-utilizing device, which will

obtain the greatest possible output of energy from the photovoltaic assembly in at least

one output voltage range.

SUMMARY OF THE INVENTION

Briefly described, the invention provides a photovoltaic assembly power output

utilizing device which partially charges a capacitor assembly. This capacitor assembly is

then partially discharged by a DC/DC power converter in different ranges of voltages in

which the power output from the photovoltaic assembly peaks for different light

intensities.

In one embodiment, the present invention is a photovoltaic power output-utilizing

device, comprising:

a) a partially dischargeable, input voltage adjustable capacitor

assembly connecting to the photovoltaic assembly in parallel for accumulating

electrical energy from the photovoltaic assembly, and

b) an electronic control circuit for charging the capacitor assembly by

the photovoltaic assembly, and then partially discharging the capacitor assembly,

in a photovoltaic assembly output voltage range in which peak power output there

from occurs.

In this embodiment, said voltage range may be one of a plurality of voltage

ranges, and the control circuit may include both a means for monitoring the current and

voltage outputs from the photovoltaic assembly, and a means for changing the voltage

range in which the capacitor assembly is charged and partially discharged to obtain peak

power from the photovoltaic assembly.

In an additional embodiment of the invention, a capacitor assembly output

DC/DC power converter may be provided. The DC/DC power converter is used for



converting at least some of the capacitor discharge voltage to a desired level. In a further

embodiment of the invention, the DC/DC power converter is used for converting at least

some of the capacitor discharge current to a desired level.

In yet another embodiment of the invention, the device may be for charging an

electrical energy storage device. In this embodiment, the DC/DC power converter is

capable of increasing capacitor assembly output discharge voltages to a storage device

charge voltage, and the device would comprise a direct discharge path to the energy

storage device. In particular, the device would comprise a means for charging the energy

storage device through the DC/DC power converter when the capacitor assembly

discharge voltage needs to be increased, and a means for charging the energy storage

device directly by a direct charging path when the capacitor assembly discharge voltage

is not less than the charging voltage.

These and other features of the invention will be more fully understood by

references to the following drawings.

BRIEF DESCRIPTION OF THE DRAWTNGS

Fig. 1 is a graph of the result of tests showing the power outputs from a

photovoltaic assembly at different light intensities to which the assembly was subjected,

plotted against the output voltage;

Fig. 2 is a similar graph to Fig. 1, but showing the power outputs from the

photovoltaic assembly in terms of percentage of their maximum output power dependent

on the output voltage;

Fig. 3 is a circuit diagram of a photovoltaic assembly for charging a battery

through a photovoltaic assembly power output-utilizing device according to one

embodiment of the invention;

Fig. 4 is a graph showing the power output from a photovoltaic assembly plotted

against the output voltage as charging of a capacitor occurs in an embodiment of the

invention;

Fig. 5 is a graph showing the power output from a photovoltaic assembly plotted

against the output voltage as discharging of a capacitor occurs in an embodiment of the

invention; and,



Fig. 6 is a circuit diagram of an additional embodiment of the invention in which

a DC/DC power converter is utilized.

DETAILED DESCRIPTION

The present invention relates to optimizing the performance of a photovoltaic

(PV) assembly with respect to the light intensity it receives. In developing this invention,

Applicants performed tests to measure how the power output of a typical photovoltaic

assembly was affected by the light intensity. These tests were conducted by Applicants

using a photovoltaic assembly in the form of a PV panel with eight cells in series

connection. The results of these tests are shown in Fig. 1 where the PV panel power

outputs ("Power (mW)") for different light intensities on the PV panel are plotted against

the PV panel output voltage ("Voltage (V)").

The graph illustrates that when the light intensity remains substantially

unchanged, the power (mW) increases with the output voltage (V) also increasing until

the Power (mW) peaks; from where the voltage (V) will continue to increase while the

power (mW) declines. Utilizing this phenomenon, Applicants have arrived at the present

invention where for a constant light intensity on the PV panel, improved power is

obtained from the PV assembly. In particular, the present invention determines once

peak power has been attained, it then commences partially discharging the capacitor.

This discharge operation terminates once the voltage drops to a finishing voltage Vf

level. By way of example, this finishing voltage Vf may be 90% of the voltage peak (Vp) .

Further analysis of the test results indicated that, for maximum utilization of the

output power from the photovoltaic assembly, for different light intensities, the voltage

peak (Vp) and post-peak, finishing voltage (Vf) are different. This is particularly apparent

when the light intensities on the PV panel are small and the maximum power occurs at a

voltage of less magnitude when compared with the results obtained at greater light

intensities.

Fig. 2 is a graph which depicts, for the different light intensities, output power

("mW") as a percentage power ("%") of the maximum power available at that light

intensity for the voltage ("V").



In a situation in which the power is to be used to charge a battery, and assuming

the battery voltage is about 3 volt, Fig. 2 indicates that about 90-100 % power of the

maximum power can be charged to the battery when the light intensity is greater than

about 20,000 Lux. However, if the light intensity is less than about 20,000 Lux, the

percentage power charged to the battery is much less. For example, for a light intensity

of 2,000 Lux the percentage power charged to the battery is only about 40-50%. If the

light intensity is even less, then the maximum voltage the PV panel can generate may be

even lower than the battery voltage. Under these light intensities the PV panel will not be

able to charge the battery, and so the charging efficiency then is zero. However, and as

further depicted in Fig. 2, if the battery voltage is as small as 2 volt, the charging

efficiency will be excellent for low light intensities - but, will only be 60-80% for the

greater light intensities.

From an analysis of Fig. 2 it can be seen that when conventional charge circuits

are used to, for example, charge a battery, the charge circuit can only deliver a part of the

electrical energy generated by the PV panel. The charge efficiency is affected greatly by

both the light intensity level and the battery voltage level. Thus, the charge efficiency of a

conventional circuit is not only low, but ceases to deliver any electrical energy when the

maximum PV voltage is less than the battery voltage. While charging a battery has been

used as an example, these restrictions on the electrical energy that is utilized from a PV

panel, using a conventional circuit also apply where the electrical energy is to be used for

other purposes, such as, for example, heating or refrigeration.

The above analysis led applicant to arrive at the present invention wherein a

photovoltaic assembly power output utilizing device is provided which will access a

larger percentage of the electrical energy capable of being emitted from the photovoltaic

assembly over a wide range of light intensities than was previously possible.

From the above test results and analysis, the applicant has provided the

embodiment of the invention depicted in Fig. 3 . Fig. 3 illustrates a photovoltaic assembly

power output-utilizing device 30 whose output is supplied to a battery 35. Device 30

comprises a partially dischargeable, input voltage adjustable, capacitor assembly 32. It

further comprises an electronic control circuit 33 for charging the capacitor assembly 32,

by a photovoltaic assembly 31. This arrangement permits a partial discharge of the



capacitor assembly 32, in a photovoltaic assembly output voltage range where at least one

peak power output there from occurs,

Using the embodiment of the invention depicted in Fig. 3, similar tests to those

described with reference to Figs. 1 and 2 are carried out for the photovoltaic assembly 31.

From these tests a capacitor assembly 32 charging and discharging voltage range is

determined wherein the peak power outputs are obtained for a range of light intensities to

which the photovoltaic assembly 3 1 is exposed. Using the data of Fig. 1 as an example,

this voltage range could be about 2.6 to 3.2 volts.

The control circuit 33 is then constructed (using only hardware devices) or

programmed (using a combination of hardware and software) to charge and discharge the

capacitor assembly 32 in this voltage range thereby obtaining the maximum output power

from the photovoltaic assembly for a particular range of light intensities thereon.

Fig. 4 is a graph showing the power output from photovoltaic assembly 31 plotted

against the output voltage as charging capacitor assembly 32 occurs. As illustrated in

Fig. 4, when the PV panel charges the capacitor assembly, the voltage increases.

Assuming the starting time point is T(I). The invention determines that at successive

samples T(I) and T(2), the power is increasing. The invention continues sampling and

subsequently finds that at time point T(N+ 1), the power starts falling. According to one

embodiment of the invention, when the power falls to a percentage of the power at the

point T(N) (e.g., 97%) at time point T(N+k), the invention then starts to discharge the

capacitor assembly and the voltage starts to decrease. That is, both the voltage of the

capacitor assembly 32 and the photovoltaic assembly 31 decrease, as these components

are connected in parallel.

Fig. 5 is a graph showing the power output from photovoltaic assembly 31 plotted

against the output voltage as discharging capacitor assembly 32 occurs. When the

capacitor assembly is in discharge, the voltage decreases. As illustrated in Fig. 5, the

invention starts sampling from time point S(I). During the time period from S(I) to S(N),

the output power is increasing. After time point S(N), the output power starts decreasing.

When at the time point S(N+j) the output power falls to a threshold percentage of the

power at time point S(N) (e.g., 97%), the invention then stops discharging the capacitor



assembly. The voltage then will start to increase again and the next charge and discharge

cycle commences.

From this it will be seen that even with this basic embodiment of the present

invention, the output voltage from the photovoltaic assembly 31 is maintained in a

voltage range where the power output from the photovoltaic assembly is greatest for a

particular range of light intensities thereon. Thus a photovoltaic assembly power output-

utilizing device 30 is provided which utilizes more of the power output from the

photovoltaic assembly than is possible with other, known devices.

It will be seen that in the embodiment described above, the control circuit 33

charges and discharges the capacitor assembly 32 at a fixed charging and discharging

voltage. These charging and discharging voltages are chosen to obtain the greatest power

output for a limited range of light intensities on the photovoltaic assembly 31.

However, it will be seen from Figs. 1 and 2 that the photovoltaic assembly output

voltage, for peak power output, shifts for different light intensities on the photovoltaic

assembly hi a more complex embodiment of the present invention, which will now be

described, this voltage shift is taken account. This embodiment is particularly useful

where, for example, the most power output from the photovoltaic assembly is desired,

particularly at low light intensities thereon.

Fig. 6 illustrates this further embodiment of the invention which addresses the

situation in which the charge and discharge voltage range is one of a plurality of voltage

ranges, each of which is for a particular light intensity on the photovoltaic assembly 31.

The control circuit 33 includes means for monitoring the current and voltage outputs

from the photovoltaic assembly, and means for changing the voltage range in which the

capacitor assembly 32 is charged and partially discharged to obtain peak power from the

photovoltaic assembly.

hi this embodiment, the capacitor assembly 32 is a super-capacitor assembly

although alternative embodiments of the present invention may utilizes various electrical

devices, which are partially dischargeable and input voltage adjustable. The embodiment

shown in Fig. 6 is useful for charging an energy storage device, such as, for example, a

battery. In Fig. 6 a DC/DC power converter 62 is provided, and the device is shown for

charging a battery 35.



In operation, the capacitor assembly 32 and the control circuit 33 operate as

described above to receive peak output power from the photovoltaic assembly in different

voltage ranges depending on the light intensity on the photovoltaic assembly 31. When

the light intensity on the photovoltaic assembly 31produces a voltage discharge from the

capacitor assembly 32 that is less than that needed to charge the battery 35, the control

circuit 32 uses the DC/DC power converter 62 to convert the discharge voltage to a

voltage that will charge the voltage.

When the light intensity on the photovoltaic assembly 3 1 produces a voltage

discharge from the capacitor assembly 32 that will charge the battery 35, the control

circuit utilizes switch 64 to bypass the DC/DC converter 62 and thereby directly charge

the battery 35.

In other embodiments of the present invention, the DC/DC power converter 62

converts the discharge from the capacitor assembly 32 to a desired current level.

In further embodiments of the invention, the control circuit 32 may contain:

a) a programmed electronic control circuit,

b) a circuit containing firmware composed of instructional sets and algorithms,

c) a field programmable gate array,

d) a microcontroller, or

e) an application-specific integrated circuit.

hi still further embodiment of the invention the DC/DC power converter 62 may

contain:

a) a switching-mode DC/DC converter,

b) a one-way ON/OFF direct charge switch (thereby forgoing the separate, one-

way switch 64 depicted in Fig. 6),

c) a step-up DC/DC converter,

d) a step-down DC/DC converter,

e) a buck-boost DC/DC converter,

f) a constant output voltage DC/DC converter, or

g) a constant output current DC/DC converter.



In a specific embodiment of the invention, a photovoltaic assembly power output-

utilizing device was designed and implemented for a photovoltaic assembly in the form

of a small (8cm x 5cm) PV panel which has eight cells connected in series. This device

comprised:

a) A 30OmF, 4.5V super-capacitor for receiving energy from the PV panel and

adjusting the output voltage of the PV panel through charging and discharging

the super-capacitor.

b) A DC/DC power converter between the super-capacitor and the battery to

discharge the super-capacitor to the battery. The DC/DC converter had 90-

95% power conversion efficiency with constant current output no matter if the

battery voltage is high or low. The voltage range of the rechargeable battery

was from 0.8 - 4.5 volt. In parallel to the DC/DC converter, there was a direct

charge path from the super-capacitor to the battery. When it was the time to

discharge the super-capacitor to the battery, the control circuit activates the

direct charge switch to drain the energy directly from the super-capacitor to

the battery. This direct charge had up to 98-99% charging efficiency. If the

voltage of the super-capacitor is less than the battery voltage, the control

circuit will activate the DC/DC converter to discharge the super-capacitor to

the battery.

c) The control circuit contained a microcontroller and peripherals. The

microcontroller has a built-in 10-bit analog to digital converter (ADC) for

measuring output voltage and electrical current from the PV panel. The analog

signal representing the output voltage of the PV panel was attenuated and

buffered before input to ADC of the microcontroller. The analog signal

representing the output current from the PV panel was obtained by using a

current sensing resistor and an amplifier. The output current from PV panel

generated a small voltage drop on the sensing resistor. The small voltage drop

then was amplified to a useable voltage level and was fed to the ADC. This

analog signal was proportional to the electrical current form the PV panel. The

ADC digitized these two analog signals and then the microcontroller used the

two digitized value for calculating the output power from the PV panel.



d) This embodiment of the invention used two alternative methods of calculating

output power from the PV panel, each method implemented in firmware.

• The first one is based on the fact that the power is the product of

voltage times current:

Power (W) = Voltage (V) * Current (A).

• Another method is to calculate the average output power from the PV

panel to the super-capacitor by measuring voltage change in a short

period of time. This method is based on the fact that the energy (E)

stored in the super-capacitor is proportional to the terminal voltage (V)

of the super-capacitor. The energy equation is:

E= y2*c*v2,
where C is the capacitance of the super-capacitor.

If in the period of time AT from Tl to T2, the voltage changes from Vl

to V2, then the energy change (AE) in the super-capacitor will be:

AE = V2*C* (V2 +V1)*(V2-V1)

Therefore the average power (P) from the PV panel to the super-

capacitor in the period of time AT is:

P = ∆E / AT = /2*C* (V2 +V1)*(V2-V1) / AT

Based on this equation, an average electrical current from the PV panel

during the period of time ∆T can be derived as follows:

I P / V = C * ∆V / ∆T

The AT value can be achieved precisely with a timer in the

microcontroller.

These two methods are the same theoretically. It will depend on the

application situation to choose which one to use.

e) An algorithm for searching the occurrence of a peak power output from the

PV panel. As is shown in Fig. 1, the PV panel always has a power output peak

or climax of output power no matter what light intensity it is subjected to.

The present invention determines when that peak power output has occurred.

In particular, the firmware running in the microcontroller reads the output

voltage and electrical current from the PV panel, in time intervals of ∆T and



calculates the output power P(i). It then compares this P(i) value with the

previous output power value P(i-l). If P(i) is greater than P(i-l), then that the

output power from PV panel is increasing and approaching the climax. At this

time, the firmware will let the PV panel continue charging the super-capacitor

while the output voltage from the PV panel is increasing. At some point in

time, the current output power P(c+1) will be less than the previous value

P(c). When the firmware so determines that the output power has reached and

is now past the climax, the firmware will turn ON the DC/DC power converter

to discharge the super-capacitor until the firmware finds that the output power

and output voltage are decreasing at same time hi alternative embodiments

of the invention this decision to stop discharging the capacitor is based on the

current output power dropping below a threshold determined as a percentage

(e.g. 90%) of the previously determined maximum P(c) value. In this manner,

the searching algorithm for the maximum output power for the PV panel turns

ON/OFF the DC/DC power converter to intermittent discharge the super-

capacitor periodically so that the PV panel can output its maximum power,

even in the situation when the light intensity changes.

A firmware running in the microcontroller to perform the functions described

in item e) above:

i) Measure the output voltage and electrical current from the PV panel, and

to calculate the output power from the PV panel,

ii) Search the peak output power point, and

iii) Turn ON/OFF the DC/DC power converter to discharge the super-

capacitor.

In addition, this firmware implements a further embodiment of the

invention related to searching the peak output power point (item ii

immediately above), wherein the time constant ∆T is changed if the light

intensity changes. In particular, to improve the efficiency of the system, ∆T is

adjusted so that too large a change in PV output voltage does not normally

occur in a ∆T period. To that end, a constant ∆Vc is stored in the memory of



the microcontroller. This ∆Vc is the maximum voltage difference allowed for

the PV output voltage to be greater or less than the voltage (e.g., P(c))

occurring at a power peak. If the firmware determines that the current from

the PV panel is changing, it will recalculate the ∆T for the new light intensity

based on the following equation:

∆T (C / I) * ∆Vc

As a result, the time intervals of ∆T for lower light intensity are longer than

those for higher light intensities. In particular, and for various examples of

the invention, this ∆T may have a range of 0.1 ms to 16 seconds.

In addition to functions described above, this firmware also performs the

following functions:

iv) Measure battery voltage, and

v) Control the microcontroller in such a way that the microcontroller works in

"Burst" mode. The microcontroller and the firmware sleep most of time

and only wake up for 3 to 5 milliseconds to do routine checks and

controls. The wake-up time interval depends on the light intensity level

and occurs more frequently for greater light intensity than for low light

intensity hi one embodiment the microcontroller's working time is less

than 0.5% if the wake-up time interval is more than, for example, one

second. The average power consumption for the microcontroller is less

than 5uW. To further reduce system power consumption, all peripherals

can be shot down when the microcontroller does not need them. Due to the

extreme low power consumption, this control system is suitable not only

for the large PV panel, but also for very small PV panel.

Although the invention has been described in language specific to structural

features and/or methodological acts, it is to be understood that the invention defined in

the appended claims is not necessarily limited to the specific features or acts described.

Rather, the specific features and acts are disclosed as exemplary forms of implementing

the claimed invention.



What is claimed is:

1. A photovoltaic assembly power output utilizing device, comprising:

a photovoltaic assembly having a power output, said power output having at least

one peak power output value;

a capacitor assembly, having an adjustable input voltage and capable of being

partially dischargeable; and,

an electronic control circuit for charging the capacitor assembly by the

photovoltaic assembly and then partially discharging the capacitor assembly, said

charging occurring in a photovoltaic assembly output voltage range wherein said at least

one peak power output value occurs.

2. The device according to claim 1 wherein said discharging occurs in a

photovoltaic assembly output voltage range wherein said at least one peak power output

value occurs.

3 . The device according to claim 2, wherein said output voltage range is one of a

plurality of voltage ranges and the electronic control circuit comprises:

a means for monitoring, as a function of time, the current and voltage outputs

from the photovoltaic assembly; and,

a means for changing the voltage range in which the capacitor assembly is

charged and partially discharged to thereby obtain power from the photovoltaic assembly

at or near its peak value.

4 . The device according to claim 3, wherein the electronic control circuit

determines a maximum power output has occurred and initiates said discharge of the

capacitor assembly when the power output subsequently drops to a threshold percentage

of said maximum power output.



5. The device according to claim 4, wherein the electronic control circuit stops

discharging of the capacitor assembly when the power output subsequently drops to a

threshold percentage of said maximum power output.

6 . A device according to claim 1, wherein the capacitor assembly is a super-

capacitor assembly.

7. A device according to claim 1, further comprising a capacitor assembly output

DC/DC converter.

8. A device according to claim 7, wherein the DC/DC converter is for converting

at least some of the capacitor assembly discharge voltages to a desired voltage level.

9. A device according to claim 7, wherein the DC/DC converter is for converting

at least some of the capacitor assembly discharge currents to a desired current level,

10. A device according to claim 3, wherein the control circuit contains a

programmed electronic control circuit.

11. A device according to claim 3, wherein the electronic circuit contains

firmware composed of instructional sets and algorithms.

12. A device according to claim 3, wherein the electronic circuit contains a field

programmable gate array.

13. A device according to claim 3, wherein the electronic circuit contains a

microcontroller.

14. A device according to claim 3, wherein the electronic circuit contains an

application-specific integrated circuit.



15. A device according to claim 7, wherein the DC/DC converter is a switching-

mode DC/DC converter.

16. A device according to claim 7, wherein the DC/DC converter is a one-way

ON/OFF direct charging switch.

17. A device according to claim 7, wherein the DC/DC converter is a step-up

(boost) DC/DC converter.

18. A device according to claim 7, wherein the DC/DC converter is a step-down

(buck) DC/DC converter.

19. A device according to claim 7, wherein the DC/DC converter is a buck-boost

DC/DC converter.

20. A device according to claim 7, wherein the device is for charging electrical

energy storage device, the DC/DC converter is for increasing the capacitor assembly

output discharge voltage to a storage device charging voltage, and the device further

comprises a direct discharge path to the energy storage device, and means for

i) Charging the energy storage device through the DC/DC converter when the

capacitor assembly discharge voltage needs to be increased, and

ii) Charging the energy storage device directly by the direct discharge path when

the capacitor assembly discharge voltage is at least the said charge voltage.

2 1. A method for using power output from a photovoltaic assembly device

having a capacitor assembly, said method comprising:

monitoring, as a function of time, the voltage output from the photovoltaic

assembly to determine when a peak value has occurred;

charging the capacitor assembly by the photovoltaic assembly and then partially

discharging the capacitor assembly, said charging occurring in a photovoltaic assembly

output voltage range wherein said at least one peak power output value occurs.



22. The method according to claim 2 1 wherein said discharging occurs in a

photovoltaic assembly output voltage range wherein said at least one peak power output

value occurs.

23. The method according to claim 22, wherein said output voltage range is one

of a plurality of voltage ranges and the method further comprises:

changing the voltage range in which the capacitor assembly is charged and

partially discharged to thereby obtain power from the photovoltaic assembly at or near its

peak value.

24. The method according to claim 23 further comprising:

determining when a maximum power output has occurred and

initiating said discharge of the capacitor assembly when the power output

subsequently drops to a threshold percentage of said maximum power output.

25. The method according to claim 24 further comprising:

stopping said discharging of the capacitor assembly when the power output

subsequently drops to a threshold percentage of said maximum power output.

26. The method according to claim 24 wherein said determining step comprises:

measuring a change in voltage in a period of time, ∆T.

27. The method according to claim 26 further comprising:

changing ∆T in response to a change in output current from the photovoltaic

assembly device.















€T/ro2OO5/b θ3343

A CLASSIFICATIONOF SUBJECT MATTER
IPC HOlL 31/04 (2006 01) , H02J 7/00 (2006 01) , HOlL 31/05 (2006 01)

According to International Patent Classification (IPC) or to both national classification and IPC

B FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: HOlL 31/04 (2006 01) , H02J 7/00 (2006.01) , HOlL 31/05 (2006.01)
US class 136 / (244, 293), 307 / (127, 51, 116), 361 / (082, 84), 320 / (101), 323 / (906, 221)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Derwent, Delphion, West, Canadian Patent Database (solar, battery, DC)

C DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

X USP 5,838,148 November 17, 1998 Kurokami et al 1 to 5, 7 to 11, 2 1 to 27
(Figures 1, 2, and 6, col 4 to col 11, claims 1 to 44)

Y 6 12 to 19

X USP 6,919,714 M y 19, 2005 Delepaut l to 5, 7 to 11, 2 1 to 27
(Figures 1 and 2, col 4 to 5, claims 1 to 18)

Y 6, 12 to 19

Y USP 4,604,567 August 5, 1986 Chetty l to 27
(Figures 1 to 3, col 2 to col 4, claims 1 to 12)

Y USP 5,327.071 July 5 1994 Frederick et al l to 27
(Figures 1 to 4, col 3 to col 5, claims 1 to 4)

Y US 2005/0252546 Al November 17, 2005 Sasaki l to 27
(entire document)

(continued on next page )

] Further documents are listed m the continuation of Box C [ x ] See patent family annex

* Special categories of cited documents "T ' later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the gene π l state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance

' X " document of particular relevance, the claimed invention cannot be
"E" earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive

filing date step when the document is tiken alone

' L" document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance, the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

being obvious to a person skilled m the art
"O" document referring to an oral disclosure, use, exhibition or other means

"&" document member of the same patent family
"P" document published prior to the international filing date but later than

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

1 May 2006 (01-05-2006) 12 May 2006 (12-05-2006)

Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office
Place du Portage I, Cl 14 - 1st Floor, Box PCT Warren Caldwell (819) 994-8333
50 Victoπa Street
Gatineau, Quebec KlA 0C9
Facsimile No 001(819)953-2476

Foπn PCT SA/210 (second sheet ) (April 2005) Page 2 of 4



INTERNATIONAL SEARCH REPORT PCT/IB2005/003343 .
[PCT/IB2005/003343

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y USP 5,659,465 August 19, 1997 Flack et al. l to 27
(entire document)

Y USP 4,794,272 December 27, 1988 Bavaro et al. l to 27
(entire document)

USP 4,510,434 April 9, 1985 Assbeck et al. l to 27
Y (entire document)

Form PCT/ISA/210 (continuation of second sheet) (April 2005) Page 3 of 4



PCT/IB2005/003343.
'CT/IB2005/003343

Patent Document Publication Patent Family Publication
Cited in Search Report Date Member(s) Date

US4604567 05-08-1986 US4604567 A 05-08-1986

US6919714 19-07-2005 EP1388774 A 1 11-02-2004
FR2843464 A 1 13-02-2004
JP2004078950 A 11-03-2004
US6919714 B2 19-07-2005

US5327071 05-07-1994 US5327071 A 05-07-1994

US5838148 17-1 1-1998 EP0762597 A2 12-03-1997
JP9062387 A 07-03-1997
US5838148 A 17-11-1998

US2005252546 17-1 1-2005 CN1697282 A 16-1 1-2005
DE102005021821 A 1 16-02-2006
JP2005328662 A 24-1 1-2005
US2005252546 A1 17-11 -2005

US4794272 27-12-1988 US4794272 A 27-12-1988

US45 10434 09-04-1985 AT31983T T 15-01-1988
DE3212022 A 1 06-10-1983
DE3375336D D1 18-02-1988
EP0090212 A2 05-10-1983
JP58182726 A 25-10-1983
US4510434 A 09-04-1985

US5659465 19-08-1997 AU3722795 A 09-04-1996
BR9504726 A 08-10-1996
BR9508975 A 16-09-1997
CN10521 19C C 03-05-2000
US5659465 A 19-08-1997
WO9609677 A 1 28-03-1996
ZA9508044 A 07-05-1996

Form PCT/ISA/210 (patent family annex ) (April 2005) Page 4 of 4


	front-page
	description
	claims
	drawings
	wo-search-report

