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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

AMPT, LLC,
Civil Action No.

Plaintiff,
V. JURY TRIAL DEMANDED

SOLAREDGE TECHNOLOGIES, INC. AND
SOLAREDGE TECHNOLOGIES LTD.,

Defendants.

COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff Ampt, LLC (“Ampt” or “Plaintiff”’) brings this Complaint for patent infringement
against Defendants SolarEdge Technologies, Inc. (“SolarEdge Inc.”) and SolarEdge Technologies Ltd.
(“SolarEdge Ltd.”) (collectively, “SolarEdge” or “Defendants”) and alleges as follows:

THE PARTIES

1. Ampt is a Colorado limited liability company, having its principal place of business at
4850 Innovation Drive, Fort Collins, CO 80525.

2. On information and belief, SolarEdge Inc. is a Delaware corporation having its
principal place of business in the United States at 700 Tasman Drive, Milpitas, California 95035.

3. On information and belief, SolarEdge Ltd. is a limited liability company organized
under the laws of Israel with its principal place of business located at 1 HaMada Street, Herzliya, Israel,
and is wholly owned by SolarEdge Inc.

JURISDICTION AND VENUE

4, This action arises under the patent laws of the United States, Title 35 of the United

States Code. Accordingly, this Court has exclusive subject matter jurisdiction over this action under
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and [1338(a).

5. This Court has personal jurisdiction over Defendants. On information and belief,
Defendants are subject to this Court’s specific and general personal jurisdiction pursuant to due process
and/or the Delaware Long Arm Statute, due at least to their substantial business in this State and judicial
district, including: (a) conducting at least part of their infringing activities alleged herein; and (b)
regularly doing or soliciting business, engaging in other persistent conduct, and/or deriving substantial
revenue from infringing goods offered for sale, sold, and imported and services provided to Delaware
residents vicariously through and/or in concert with their intermediaries, distributors, importers,
customers, and/or subsidiaries or affiliates. SolarEdge Ltd. has purposefully availed itself of the
privileges of conducting business in the United States and, more specifically, in Delaware and this
district. For example, SolarEdge Ltd. has sought protection and benefit from the laws of the State of
Delaware by placing the Accused Products (defined below) into the stream of commerce through an
established distribution channel with awareness and/or intent that they will be purchased and/or
installed by consumers in this district. Personal jurisdiction exists over SolarEdge Inc. also because it
is a corporation organized and existing under the laws of Delaware.

6. On information and belief, SolarEdge Inc. and SolarEdge Ltd. hold themselves out as
a unitary entity and operate as a single integrated business with respect to the sale and distribution of
solar energy power system products throughout the United States, including in this judicial district.

7. For these reasons and for other reasons that will be presented to the Court if jurisdiction
is challenged, the Court has personal jurisdiction over Defendants.

8. Venue is proper in this district under and because, among
other reasons, Defendants have committed acts of infringement in this district, directly or indirectly,

by conducting their business extensively throughout this district such as by shipping, manufacturing,
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distributing, offering for sale, selling, and advertising the Accused Products, and by purposefully and
voluntarily placing the Accused Products into this district and into the stream of commerce with the
intention and expectation that they will be purchased and/or installed by consumers in this district. On
information and belief, Defendants also use the Accused Products in this district. Venue is proper in
this district as to SolarEdge Inc. under and also because it is a corporation
organized and existing under the laws of Delaware and resides in Delaware for purposes of venue

under 28 U.S.C. § 1400(b).

THE ASSERTED PATENTS

9. Ampt is a recognized leader in photovoltaic (PV) power technology and has been
awarded many patents, including U.S. Patent Nos. 7,605,498 (“the *498 patent™), 7,719,140 (“the *140
patent”), 9,673,630 (“the *630 patent™), 10,608,437 (“the *437 patent”), 10,886,746 (“the *746 patent”),
11,070,062 (“the 062 patent”), 11,070,063 (“the 063 patent™), and 11,289,917 (“the *917 patent”)
(collectively, the “Asserted Patents™).

10. The *498 patent, entitled “Systems For Highly Efficient Solar Power Conversion,” was
duly and legally issued by the United States Patent and Trademark Office on October 20, 2009, to
inventors Anatoli Ledenev and Robert M. Porter. The *498 patent issued from U.S. Patent Application
No. 12/363,709. The patent application was filed on January 30, 2009. A copy of the *498 patent is
attached hereto as Exhibit 1. Ampt is the owner and assignee of all substantial rights in the 498 patent.

11. The *140 patent, entitled “Systems For Boundary Controlled Solar Power Conversion,”
was duly and legally issued by the United States Patent and Trademark Office on May 18, 2010, to
inventors Anatoli Ledenev and Robert M. Porter. The *140 patent issued from U.S. Patent Application
No. 12/581,726. The patent application was filed on October 19, 2009. A copy of the *140 patent is
attached hereto as Exhibit 2. Ampt is the owner and assignee of all substantial rights in the *140 patent.

12. The 630 patent, entitled “Protected Conversion Solar Power System,” was duly and
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legally issued by the United States Patent and Trademark Office on June 6, 2017, to inventors Anatoli
Ledenev and Robert M. Porter. The 630 patent issued from U.S. Patent Application No. 15/219,149.
The patent application was filed on July 25, 2016. A copy of the 630 patent is attached hereto as
Exhibit 3. Ampt is the owner and assignee of all substantial rights in the *630 patent.

13. The *437 patent, entitled “Feedback Based Photovoltaic Conversion Systems,” was
duly and legally issued by the United States Patent and Trademark Office on March 31, 2020, to
inventors Anatoli Ledenev and Robert M. Porter. The *437 patent issued from U.S. Patent Application
No. 15/679,745. The patent application was filed on August 17, 2017. A copy of the *437 patent is
attached hereto as Exhibit 4. Ampt is the owner and assignee of all substantial rights in the *437 patent.

14.  The *746 patent, entitled “Alternating Conversion Solar Power System,” was duly and
legally issued by the United States Patent and Trademark Office on January 5, 2021, to inventors
Anatoli Ledenev and Robert M. Porter. The ’746 patent issued from U.S. Patent Application No.
17/036,630. The patent application was filed on September 29, 2020. A copy of the *746 patent is
attached hereto as Exhibit 5. Ampt is the owner and assignee of all substantial rights in the *746 patent.

15. The *062 patent, entitled “Photovoltaic Conversion Systems,” was duly and legally
issued by the United States Patent and Trademark Office on July 20, 2021, to inventors Anatoli
Ledenev and Robert M. Porter. The *062 patent issued from U.S. Patent Application No. 16/834,639.
The patent application was filed on March 30, 2020. A copy of the *062 patent is attached hereto as
Exhibit 6. Ampt is the owner and assignee of all substantial rights in the *062 patent.

16. The ’063 patent, entitled “Method For Alternating Conversion Solar Power,” was duly
and legally issued by the United States Patent and Trademark Office on July 20, 2021, to inventors
Anatoli Ledenev and Robert M. Porter. The *063 patent issued from U.S. Patent Application No.

17/063,669. The patent application was filed on October 5, 2020. A copy of the 063 patent is attached
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hereto as Exhibit 7. Ampt is the owner and assignee of all substantial rights in the 063 patent.

17. The *917 Patent, entitled “Optimized Photovoltaic Conversion System,” was duly and
legally issued by the United States Patent and Trademark Office on March 29, 2022, to inventors
Anatoli Ledenev and Robert M. Porter. The 917 Patent issued from U.S. Patent Application No.
17/379,516. The patent application was filed on July 19, 2021. A copy of the 917 patent is attached
hereto as Exhibit 8. Ampt is the owner and assignee of all substantial rights in the 917 patent.

18. Each of the Asserted Patents claims priority to provisional application No. 60/980,157,
filed on October 15, 2007, provisional application No. 60/982,053, filed on October 23, 2007, and
provisional application No. 60/986,979, filed on November 9, 2007. See Exs. 1-8.

FACTUAL BACKGROUND

A. Background On The Technology

19.  Solar power systems generate electrical power from sunlight. Photovoltaic (PV] cells,
arranged in solar panels, convert light into electric current. The solar panels are connected to inverters,

which convert the direct-current (DC) output from solar panels to alternating current (AC).

Traditional

PV module

Inverter \
20. Solar panels are typically connected together in series in what are called “strings” in

order to provide the voltage needed by the inverter. However, this arrangement has inefficiencies. The
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panels need to be arranged so that the system can produce power both during times with full sun (e.g.,
noon in the summer) and times with less sun (e.g., 2 p.m. in the winter). At the same time the inverters
need to be able to handle a wide range of operating conditions, again so that the system can produce
power both during times with full sun and times with less sun. Additional problems arise because
different panels in the same string can produce different amounts of power at the same time, for
example when some panels are shaded by a cloud, a tree, or a building. In such situations the low-
power panel(s) can inhibit the production of the entire string of panels.

21.  Adding power optimizers helps address these problems by allowing the voltage output
by individual solar panels in a string to be either raised or lowered to maximize the power output of
each panel in the context of the string. This allows the maximum available power of each panel to be
delivered, and longer and more flexible strings of panels. It also allows inverters that handle a smaller
range of operating conditions. Together, this allows solar systems that are more cost-effective (i.e.,

have a lower cost per kilowatt hour produced) and thus more efficient from an economic point of view.

Traditional Optimizers

ampt ),-2 c’

PN More efficient

22. However, the electronics in the power optimizers need to be protected from conditions
that could damage them. In situations where different panels in the same string are producing different

amounts of power (typically because of shading), the electrical conditions experienced by a particular
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optimizer can be damaging. While it is possible to protect the panels/power optimizers that are
experiencing potentially-damaging conditions by bypassing them, this loses the power output of those
panels/power optimizers, which may negate the benefits of using power optimizers in the first place.

23.  Ampt invented solar power systems that solve these problems using power optimizers
that contain high-efficiency power converters that both allow maximum power-point output, and use
operational boundary conditions that continue producing power during conditions that might otherwise
require the optimizer to be bypassed. The combination of these elements both enhances efficiency and
reduces the overall cost per kilowatt-hour of the solar power system. The inventive solar power systems
and power optimizers are described in the Asserted Patents as well as Ampt’s website.*

24, For example, Figure 5 in each of the ’630, *746, *437, 062, *063, and 917 patents
shows the power optimizer circuits of Ampt’s inventions, which describe a dual-mode configuration
that provides high efficiency for their specific use-case. For example, Figure 5A (reproduced below)
shows a power optimizer circuit that includes both a buck conversion circuit (described, for example,
in the *630 patent at 11:58-12:8) and a boost conversion circuit (described, for example, in the *630

patent at 12:9-25).
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Fig. SA

! See, e.g., https://ampt.com/products/string-optimizers/.
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25.  Additionally, Figure 7 in each of the Asserted Patents shows a power optimizer’s
operation with both maximum power point (MPP) tracking and the operational boundary conditions

of Ampt’s inventions: the “overcurrent limit” and the “overvoltage limit.”
Pnz:set Overcurrent Limit

Constant Power @ MPP

Currant

Praset Overvoltage Limit

Voltage
Fig. 7A

B. Background On SolarEdge’s Infringement

26. SolarEdge infringes Ampt’s inventions in order to compete in the business of offering
for sale and selling certain solar power systems and components thereof.

217. More specifically, SolarEdge manufactures, uses, sells, offers for sale, and/or imports
optimizers and other solar products, including inverters, that are designed to be installed and operated
together within the United States without authority, in a manner that constitutes infringement of one
or more claims of the Asserted Patents, including when such optimizers are used, sold, offered for sale,
and/or imported for use in a solar power system (collectively, the “Accused Products”).

28.  The Accused Products include all of the SolarEdge’s optimizers that are manufactured,
used, sold, offered for sale, and/or imported within the United States including, without limitation, each
and every model of SolarEdge optimizer products such as the SolarEdge P401 and P960 optimizers.

29. On information and belief, the SolarEdge P401 optimizer is representative of all other
similar SolarEdge optimizer products described herein. Additional models of the accused SolarEdge

optimizers represented by the P401 optimizer include, without limitation, the following models: P320-
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P505, P730, P750, P801-P1100, P860-P-1101, S440-S550, and OPJ300.

30. SolarEdge’s optimizers are designed to be installed and operated with SolarEdge’s
inverters, such as the SolarEdge SE3000H-US, SE3800-US, SE5000H-US, SE6000H-US, SE7600H-
US, SE10000H-US, SE11400H-US, SE9KUS, SE17.3KUS, SE30KUS and SE40KUS inverters.

31 On information and belief, a SolarEdge solar power system that includes a package of
P401 power optimizers and the SE3800H-US inverter is representative of all other similar SolarEdge
solar power systems described herein.

32. On information and belief, the use of a SolarEdge solar power system that includes a
package of P401 power optimizers and the SE3800H-US inverter is representative of all other similar
uses of a SolarEdge solar power system.

33. On information and belief, SolarEdge has made, used, sold, offered to sell, imported,
installed, and/or have had installed Accused Products in Delaware.

COUNT |
(INFRINGEMENT OF U.S. PATENT NO. 7,605,498)

34. Plaintiff repeats and realleges paragraphs 1-33 as if fully set forth at length herein.

35.  SolarEdge has and continues to infringe one or more claims of the 498 patent in this
judicial district and elsewhere in the United States.

36. 78. Upon information and belief, SolarEdge makes, uses, sells, offers for sale,

and/or imports into the United States the Accused Products.

37. SolarEdge directly infringes the *498 patent under BS U.S.C. § 271(a), literally and/or
under the doctrine of equivalents, by using the Accused Products in an infringing manner within the
United States, including in installation, testing and demonstrating the Accused Products.

38. For example, SolarEdge directly infringes at least claim 1 of the *498 patent, either

2 See also https://www.solaredge.com/us/products/power-optimizers#/.
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literally or under the doctrine of equivalents. The asserted claim(s) of the *498 patent are valid,
enforceable, and currently in full force and effect.
39. Claim 1 of the *498 patent recites:

A highly efficient method of series string solar energy power conversion comprising the
steps of:

establishing a plurality of solar energy sources, each providing a DC photovoltaic output;

creating a plurality of high voltage highly varying DC photovoltaic outputs from said
plurality of solar energy sources;

individually establishing each of said high voltage, highly varying DC photovoltaic outputs
as an individual DC photovoltaic input to a plurality of individual high efficiency
switchmode photovoltaic DC-DC converters;

individually high efficiency conversion duty cycle controlling operation of a plurality of
switch elements within each of said individual high efficiency switchmode photovoltaic
DC-DC converters;

photovoltaic boundary condition controlling said plurality of switch elements within each
of said individual high efficiency switchmode photovoltaic DC-DC converters;

maximum photovoltaic power point controlling said plurality of switch elements within
each of said individual high efficiency switchmode photovoltaic DC-DC converters slaved
to said step of photovoltaic boundary condition controlling said plurality of switch
elements;

feeding each of said high voltage, highly varying DC photovoltaic outputs through a
photovoltaic voltage increase modality of photovoltaic DC-DC power conversion;

feeding each of said high voltage, highly varying DC photovoltaic outputs through a
photovoltaic voltage decrease modality of photovoltaic DC-DC power conversion
responsive to said photovoltaic voltage increase modality of photovoltaic DC-DC power
conversion;

slavedly individual panel dedicated maximum photovoltaic power point DC-DC
converting each of said high voltage, highly varying DC photovoltaic outputs;

boundary condition DC-DC converting said high voltage, highly varying DC photovoltaic
outputs;

individually substantially power isomorphically converting each said high voltage, highly
varying DC photovoltaic outputs into a plurality of converted DC photovoltaic outputs
while accomplishing said step of individual dedicated maximum photovoltaic power point
converting said DC photovoltaic input from each of said plurality of solar panels;

10
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serially connecting said plurality of converted DC photovoltaic outputs to create a
combined higher voltage converted DC photovoltaic output from said plurality of solar
panels;

establishing said combined higher voltage converted DC photovoltaic output as a converted
DC photovoltaic input to a high voltage, high power photovoltaic DC-AC inverter; and

inverting said converted DC photovoltaic input into a high power inverted AC photovoltaic
output.

40.  As one non-limiting example of said infringement, on information and belief,
SolarEdge practices each and every step recited in claim 1 of the 498 patent by using a solar power
system that includes a package of P401 power optimizers and the SE3800H-US inverter, as described
below.

41. SolarEdge does and will make, use, offer to sell, sell, and/or import a system for series
string solar energy power conversion. For example, SolarEdge and its distributers install, monitor and
operate solar power conversion system that includes an inverter such as the SE3800H-US and a
plurality of P401 power optimizers and that designed and intended to be installed on solar panels

mounted in a series string. See, e.g., https://www.solaredge.com/us/products/power-optimizer#/.>

42. As depicted on SolarEdge’s website, it offers for sale solar power systems, including
those that include power optimizers such as the P401 and an inverter such as the SE3800H-US. This
includes providing directions on finding SolarEdge authorized installers.*

43. Further, SolarEdge does and will make, use, offer to sell, sell, and/or import a system

3 See also https://www.solaredge.com/sites/default/files/se-P5-series-add-on-power-optimizer-
datasheet-na.pdf; https://www.solaredge.com/sites/default/files/se-installer-starter-quide-eng.pdf;
https://www.solaredge.com/sites/default/files/se-three-phase-inverter-setapp-480-datasheet-na.pdf.
4 See, e.g., https://www.solaredge.com/sites/default/files/se-hd-wave-single-phase-inverter-with-
setapp-datasheet-na.pdf; https://www.solaredge.com/sites/default/files/se-installer-starter-quide-
eng.pdf; https://www.solaredge.com/us/commercial-solutions-pv-professionals;
https://www.solaredge.com/sites/default/files/se-three-phase-inverter-setapp-480-datasheet-na.pdf;
https://www.solaredge.com/us/find-installer;
https://www.solaredge.com/sites/default/files/residential _catalogue eng.pdf.

11
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that establishes a plurality of solar energy sources, each providing a DC photovoltaic output. A
SolarEdge solar power system that includes a plurality of P401 power optimizers and an inverter such
as the SE3800H-US are connected to a plurality of solar energy sources (i.e., solar panels), each

providing a DC photovoltaic output.

solar:GfE
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https://youtu.be/oFDHgmDymrY.

44, SolarEdge’s “Concept of Orientation” provides an example of a plurality of solar
energy sources:

Scenario 1 - Ideal Conditions: Initially, we assume all the modules are exposed to full iradiance, each providing 200W of power.
The power output of each solar module is maintained at the module’s maximum power paint by an input control loop within the
comresponding power optimizer. This MPP loop dictates to the power optimizer an input current L, and input voltage V;, that
ensure the transfer of the entire 200W from the module to the DC bus. We assume an MPP voltage for each module (given
perfectly matched modules for demonstration purposes) of Vies = 32V. This means the input voltage to the power optimizer is
32V, and the input current is 200W/32V = 6.25A. The input voltage to the inverter is controlled by a separate feedback loop. For
simplicity, in this example the inverter requires a constant 400V. Since there are ten serially-connected modules, each providing
200W, the input current to the inverter is 2000W/400V = 5A_ Thus, the DC bus current flowing through each of the power
optimizers must be 5A. This means that each power optimizer in this example provides an output voltage of 200W/5A = 40V. In
this case, the power optimizers are acting as up converters, converting the 32V input voltage to the target 40V output voltage.
The various system currents and voltages in this case are illustrated in Figure 1.

12
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5
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Figure 1: Operation under Ideal Conditions

https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 1-2.

45. SolarEdge’s design guideline also provides an example of a “valid use” that connects

20 optimizers to 20 solar energy sources:

Example 1 - Valid Use

In a system with an SES000H inverter installed with 20 x 345W modules connected to P370 (138% oversizing), the installed
DC capacity will be 6.9kW STC. The inverter AC nameplate is 5kWac, which is lower than the maximum nominal string
power of 5.7kW for P370 with single phase HD-Wave inverter (15Ax380V=5.7kW). In addition, 20 optimizers are smaller
than the maximum allowed optimizers per string with a single phase inverter and the DC capacity of 6.9kW STC can be
installed in one string. The inverter nameplate limit will ensure the maximum nominal string power is not exceeded.

Regular Design Single String Design

https://www.solaredge.com/sites/default/files/se-power-optimizer-single-string-design-
application-note.pdf at 1.

46. Further, SolarEdge does and will make, use, offer to sell, sell, and/or import a system
that creates a plurality of high voltage highly varying DC photovoltaic outputs from said plurality of
solar energy sources.

47, SolarEdge’s “Concept of Orientation” provides an example of a plurality of solar

energy sources, where each source has varying DC outputs:

13
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Scenario 2 - Partial Shading: Next, we assume module #9 is shaded and consequently produces only 40W of power. The other 9
maodules are not shaded and each still produces 200W of power. The power optimizer of the shaded module maintains that
maodule at its maximum power point, which is now lowered due to the shading. Assuming Vies = 28V, the current is 40W/28V =
143A. The total power produced by the string is now S200W+40W = 1840W. Since the inverter still needs to maintain an input
voltage of 400V, the input current to the inverter will now be 1840W/400V = 4.6A. This means that the DC bus current must be
4.64_Therefore, the power optimizers of the 9 un-shaded modules will have an output of 200W/4.64A = 43.5V.

In contrast, the power optimizer attached to the shaded module will output 40W/4.64A = 8.7V. The input to the inverter can be
obtained by summing 9 modules providing 43.5V and 1 module providing 8.7V, i.e. 9x43.5V+8.7V = 400V, as required by the
inverter. In this case, the 9 power optimizers producing 200W each are essentially acting as up converters, converting the 32V

input voltage to a 43.5V output voltage, whereas the power optimizer of module #9 is acting as a down converter, converting
the 28V input voltage to an 8.7V output voltage.

The various system currents and voltages in this case are illustrated in Figure 2.
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Figure 2- Operation with Partial Shading

https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 2.

48.

SolarEdge advertises that each of its solar panels operates at “its maximum ability” and

is thus operating with varying DC photovoltaic outputs:

A SolarEdge system

LT

# Generates maximum power from
each module

# Madules are monitored
individually. Up to 25% more
energy is produced by the PV
systemn

I Typical system

T

r One weak module reduces
the performance of all
modules in the string or is
bypassed

r Power losses occur due to
madule mismatch
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https://www.solaredge.com/sites/default/files/residential catalogue eng.pdf at 8.

49. Further, SolarEdge does and will make, use, offer to sell, sell, and/or import a system
that individually establishes each of said high voltage, highly varying DC photovoltaic outputs as an
individual DC photovoltaic input to a plurality of individual high efficiency switchmode photovoltaic
DC-DC converters. For example, a SolarEdge solar power system that includes a plurality of P401
power optimizers and an inverter such as the SE3800H-US contains plurality of individual high
efficiency switchmode photovoltaic DC-DC converters (one in each P401 optimizer). See

https://youtu.be/oFDHgmDymrY.

50. SolarEdge’s “Concept of Orientation” provides an example of each of said high
voltage, highly varying DC photovoltaic outputs as an individual DC photovoltaic input to a plurality
of individual high efficiency switchmode photovoltaic DC-DC converters.®

51. In addition, SolarEdge does and will make, use, offer to sell, sell, and/or import a
system wherein each photovoltaic DC-DC power converter comprises a boost and buck power
conversion circuit in any order (i.e., switchmode photovoltaic DC-DC converters). A SolarEdge solar
power system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-
US contains a plurality of power converters (one in each P401 optimizer). On information and belief,
each P401 optimizer uses a switchmode photovoltaic DC-DC converter that includes boost conversion
circuitry and buck conversion circuitry. Front and back photographs of the circuit board in a P401

optimizer are shown below.

5> See https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 2.
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52. On information and belief, the item labeled on the P401 board as L1 (marked in red in
the annotated photograph below) is an inductor as depicted in Figures 5A and 5B of the patent, and the
transistors on the P401 board labeled as Q1, Q3, Q4, and Q6 (marked in blue in the annotated
photograph below) correspond to the transistors marked as T1 — T4 in Figure 5A of the patent. As in
the patent, these components are configured so that the P401’s circuitry can use both a buck conversion

circuit and a boost conversion circuit and alternate between them as needed.

RoiGE T

012508C

20

3 Fig. SA

53. Figure 5A in the patent also identifies capacitors C1 and C2 as part of the buck and
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boost conversion circuitry. The P401 board contains many capacitors (typically marked with the prefix
C), as shown for example in the close-up photo of a portion of the P401 board shown below. Discovery
is needed to identify the specific capacitors used for this functionality; on information and belief at
least two capacitors are acting as part of the boost and buck conversion circuitry in the P401 that

corresponds to the circuit shown in Figure 5A of the patent.

54. Further, SolarEdge does and will make, use, offer to sell, sell, and/or import a system
with individually high efficiency conversion duty cycle controlling operation of a plurality of switch
elements within each of said individual high efficiency switchmode photovoltaic DC-DC converters.
A SolarEdge solar power system that includes a plurality of P401 power optimizers and an inverter
such as the SE3800H-US contains in each P401 optimizer converter functionality control circuitry that
controls said at least one dual mode photovoltaic DC-DC converter to achieve, high efficiency
conversion duty cycle controlling operation.

55. On information and belief, the SolarEdge power optimizers provide maximum power

point tracking by duty cycle controlling switch elements (outlined in blue in the photographs above)
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within the switchmode photovoltaic DC-DC converters.

56. SolarEdge advertises that the control circuitry that controls the switchmode
photovoltaic DC-DC converter achieves “Superior efficiency (99.5%),” and makes clear that that no
substantial portion of the energy is lost as heat energy.®

57. SolarEdge’s website represents that the S-Series and P-Series optimizers have a

maximum efficiency of 99.5% and a weighted efficiency of 98.8%.

P300/P320/P350/P370/P385/P401
100.0% 7

99.0% - /______..---"'__

98.0% -+

97.0%

Efficiency

96.0% |
95.0% |
94.0% |

93.0% |

Davar AN
=—=\/mpp = 25V Peak Efficiency=99.3% Weighted efficiency = 98.6%

Vmpp = 35V Peak Efficiency = 99.5% Weighted efficiency = 99.1%

https://www.solaredge.com/sites/default/files/application note solaredge optimizers efficiency.
pdf at 2.

58. Moreover, the SolarEdge website states its power optimizers are “highly efficient,
maintaining over 98% conversion efficiency over a wide range of conditions.” See

https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 1.

59. Further, SolarEdge does and will make, use, offer to sell, sell, and/or import a system
where photovoltaic boundary condition control said plurality of switch elements within each of said
individual high efficiency switchmode photovoltaic DC-DC converters. A SolarEdge solar power

system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-US

6 See https://www.solaredge.com/sites/default/files/se-P5-series-add-on-power-optimizer-datasheet-
na.pdf.
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contains in each P401 optimizer a switch circuit configured and arranged to be sufficient to power said
solar power system during operation of said solar power system to produce operational power, and
while producing operational power to be capable of alternating between: maximum power point
tracking, overcurrent boundary condition control of said converted photovoltaic DC output at other
than maximum power point, and overvoltage boundary condition control of said converted
photovoltaic DC output at other than said maximum power point.

60.  Testing of the P401 optimizer in conjunction with a SolarEdge SE3800H-US Inverter
and a Keysight Solar Array Simulator with five E4376A modules shows that it provides operational
power at a maximum power point level, an overcurrent boundary level, and an overvoltage boundary
level. The testing also shows that the overcurrent boundary and overvoltage boundary levels are

different from the maximum power point level.

VI Curve

Current Boundary

[
15 14

138,
12

Voltage Boundary

= 8 : 10 4
- . ' 8
Maximum * . 6

Power Point

DUT Voltage (V)

61. Further, SolarEdge does and will make, use, offer to sell, sell, and/or import a system
where photovoltaic boundary condition control said plurality of switch elements within each of said

individual high efficiency switchmode photovoltaic DC-DC converters. A SolarEdge solar power
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system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-US
contains in each P401 optimizer a switch circuit configured and arranged to be sufficient to power said
solar power system during operation of said solar power system to produce operational power, and
while producing operational power to be capable of alternating between: maximum power point
tracking, overcurrent boundary condition control of said converted photovoltaic DC output at other
than maximum power point, and overvoltage boundary condition control of said converted
photovoltaic DC output at other than said maximum power point.

62. SolarEdge’s website states that “The SolarEdge Power Optimizers increase energy
output from PV systems by constantly tracking the maximum power point (MPPT) of each module

individually.” https://www.solaredge.com/us/products/power-optimizers#/.’

63. SolarEdge’s “Concept of Orientation” provides a description of using circuitry to
control said photovoltaic DC-DC power converter to produce operational power at a maximum power
point level 8

64.  As discussed above, testing of the P401 optimizer in conjunction with a SolarEdge
SE3800H-US Inverter and a Keysight Solar Array Simulator with five E4376A modules shows that it
provides operational power at a maximum power point level.

65. Furthermore, the SolarEdge datasheets specifies a MPPT Operating Range, which is

the Maximum Power Point Tracking Operating Range.

’ See also https://youtu.be/oFDHgmDymrY.
8 See https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 1.
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Optimizer Model P320 PAM
(Typical Module Compatibility) (for high-power 60-cell modules) | (for high-power 60/72-cell modules)

INPUT

Rated Input DC Power' 320 400 W
Absolute Maximum Input Voltage (Voc at lowest temiperatura) 48 [=1] Vdc
MPPT Operating Range 8-48 8- 60 Vdc
Maximum Short Circuit Current (lsc) 11 11.75 Adc
Mazimum Effidency 995 %
Weighted Efficiency 93.8 %
Overvoltage Category L}

https://www.solaredge.com/sites/default/files/se-P5-series-frame-mounted-power-optimizer-
datasheet-na.pdf at 2.

66. Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system wherein feeding each of said high voltage, highly varying DC photovoltaic outputs through a
photovoltaic voltage increase modality of photovoltaic DC-DC power conversion (i.e., boost
conversion). A SolarEdge solar power system that includes a plurality of P401 power optimizers and
an inverter such as the SE3800H-US contains a plurality of power converters (one in each P401
optimizer). On information and belief, each P401 optimizer uses a switchmode photovoltaic DC-DC
converter that includes boost conversion circuitry and buck conversion circuitry. Front and back

photographs of the circuit board in a P401 optimizer are shown below.

67.  Oninformation and belief, the item labeled on the P401 board as L1 (marked in red in
the annotated photograph below) is an inductor as depicted in Figures 5A and 5B of the patent, and the
transistors on the P401 board labeled as Q1, Q3, Q4, and Q6 (marked in blue in the annotated

photograph below) correspond to the transistors marked as T1 — T4 in Figure 5A of the patent. As in
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the patent, these components are configured so that the P401’s circuitry can use both a buck conversion

circuit and a boost conversion circuit and alternate between them as needed.

e O
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68. Figure 5A in the patent also identifies capacitors C1 and C2 as part of the buck and
boost conversion circuitry. The P401 board contains many capacitors (typically marked with the prefix
C), as shown for example in the close-up photo of a portion of the P401 board shown below. Discovery
is needed to identify the specific capacitors used for this functionality; on information and belief at
least two capacitors are acting as part of the boost and buck conversion circuitry in the P401 that

corresponds to the circuit shown in Figure 5A of the patent.
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69. SolarEdge’s “Concept of Orientation” provides an example of switchmode
photovoltaic DC-DC converters modifying the voltage as necessary to maintain maximum efficiency.®

70. Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system wherein feeding each of said high voltage, highly varying DC photovoltaic outputs through a
photovoltaic voltage decrease modality of photovoltaic DC-DC power conversion (i.e., buck
conversion) responsive to said photovoltaic voltage increase modality of photovoltaic DC-DC power
conversion. A SolarEdge solar power system that includes a plurality of P401 power optimizers and
an inverter such as the SE3800H-US contains a plurality of power converters (one in each P401
optimizer). On information and belief, each P401 optimizer uses a switchmode photovoltaic DC-DC
converter that includes boost conversion circuitry and buck conversion circuitry. Front and back

photographs of the circuit board in a P401 optimizer are shown below.

9 https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 2.
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71. On information and belief, the item labeled on the P401 board as L1 (marked in red in
the annotated photograph below) is an inductor as depicted in Figures 5A and 5B of the patent, and the
transistors on the P401 board labeled as Q1, Q3, Q4, and Q6 (marked in blue in the annotated
photograph below) correspond to the transistors marked as T1 — T4 in Figure 5A of the patent. As in
the patent, these components are configured so that the P401’s circuitry can use both a buck conversion

circuit and a boost conversion circuit and alternate between them as needed.

e T

D12508C

solar kT

A |

72. Figure 5A in the patent also identifies capacitors C1 and C2 as part of the buck and
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boost conversion circuitry. The P401 board contains many capacitors (typically marked with the prefix
C), as shown for example in the close-up photo of a portion of the P401 board shown below. Discovery
is needed to identify the specific capacitors used for this functionality; on information and belief at
least two capacitors are acting as part of the boost and buck conversion circuitry in the P401 that

corresponds to the circuit shown in Figure 5A of the patent.

73. SolarEdge’s “Concept of Orientation” provides an example of switchmode
photovoltaic DC-DC converters modifying the voltage as necessary to maintain  maximum
efficiency.®®

74. Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system where slavedly individual panel dedicated maximum photovoltaic power point DC-DC
converting each of said high voltage, highly varying DC photovoltaic outputs. A SolarEdge solar

power system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-

10 hitps://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 2.
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US contains in each P401 optimizer controls such that each solar panel is separately maximum power
point controlled to compensate for variation in DC photovoltaic output of individual solar panels, and
that each P401 is slaved to the inverter.

75. SolarEdge’s “Concept of Orientation” provides an example of a plurality of solar
energy sources, where each source have varying DC outputs, which process is controlled by the power
optimizer.tt

76. SolarEdge advertises that each of its solar panels operates at “its maximum ability”” and
is thus operating with varying DC photovoltaic outputs.*?

77. Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system where photovoltaic boundary condition control said plurality of switch elements within each
of said individual high efficiency switchmode photovoltaic DC-DC converters. A SolarEdge solar
power system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-
US contains in each P401 optimizer a switch circuit configured and arranged to be sufficient to power
said solar power system during operation of said solar power system to produce operational power,
and while producing operational power to be capable of alternating between: maximum power point
tracking, overcurrent boundary condition control of said converted photovoltaic DC output at other
than maximum power point, and overvoltage boundary condition control of said converted
photovoltaic DC output at other than said maximum power point.

78.  Testing of the P401 optimizer in conjunction with a SolarEdge SE3800H-US Inverter
and a Keysight Solar Array Simulator with five E4376A modules shows that it provides operational

power at a maximum power point level, an overcurrent boundary level, and an overvoltage boundary

11 hitps://mww.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 2.
12 https://ww.solaredge.com/sites/default/files/residential catalogue eng.pdf at 8.
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level. The testing also shows that the overcurrent boundary and overvoltage boundary levels are

different from the maximum power point level.
VI Curve
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79.  The SolarEdge datasheet further describes these boundary conditions:

OUTPUT DURING OPERATION (POWER OPTIMIZER CONNECTED TO OPERATING SOLAREDGE INVERTER)

Maximurm Output Current 15 Adc

Maximurm Output Voltage &0 Wdc

https://www.solaredge.com/sites/default/files/se-P5-series-frame-mounted-power-optimizer-
datasheet-na.pdf

80. Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system that individually substantially power isomorphically converting each said high voltage, highly
varying DC photovoltaic outputs into a plurality of converted DC photovoltaic outputs while
accomplishing said step of individual dedicated maximum photovoltaic power point converting said
DC photovoltaic input from each of said plurality of solar panels. A SolarEdge solar power system that
includes a plurality of P401 power optimizers and an inverter such as the SE3800H-US contains in
each P401 optimizer a control to convert a high voltage DC output into a plurality of converted DC

outputs while providing maximum power point conversion of the input from each solar panel. The
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maximum power point conversion is illustrated in the below figure.
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81. Moreover, this conversion is substantially power isomorphic. SolarEdge advertises that
the control circuitry that controls the switchmode photovoltaic DC-DC converter achieves “Superior
efficiency (99.5%),” and makes clear that that no substantial portion of the energy is lost as heat energy.

https://www.solaredge.com/sites/default/files/se-P5-series-add-on-power-optimizer-datasheet-na.pdf.

82. SolarEdge’s website represents that the S-Series and P-Series optimizers have a
maximum  efficiency of 995% and a weighted efficiency of 98.8%. See

https://www.solaredge.com/sites/default/files/application note solaredge optimizers efficiency.pdf.

83. Moreover, the SolarEdge website states its power optimizers are “highly efficient,
maintaining over 98% conversion efficiency over a wide range of conditions.”

https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf.

84. Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system that serially connects said plurality of converted DC photovoltaic outputs to create a combined

higher voltage converted DC photovoltaic output from said plurality of solar panels. A SolarEdge solar
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power system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-
US contains a plurality of DC-DC power converters (one in each P401 optimizer) wherein each DC-
DC power converter is connected in series to at least one other DC-DC power converter (in another

P401 optimizer). See https://youtu.be/oFDHgmDymrY.

85. SolarEdge’s “Concept of Orientation” provides an example of a plurality of power
optimizers connected in series.’?
86. SolarEdge’s design guideline also design guideline provides an example of a “valid

use” that connects 20 optimizers to 20 x 345 DC Power Sources. See

https://www.solaredge.com/sites/default/files/se-power-optimizer-single-string-design-application-

note.pdf at 1; see also id. (“all power optimizers can be connected to a single string”)
87.  The SolarEdge installer guide confirms the power optimizers can be connected in

series:

Ensure proper connection of the
power optimizers in strings
Connect the minus (<) output
connector of the string's first
power optimizer to the plus (+)
output connector of the string's
second power optimizer. Connect
the rest of the power optimizers in
the string in the same manner.

https://www.solaredge.com/sites/default/files/se-installer-starter-quide-eng.pdf at 5.

88. Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system that establishes said combined higher voltage converted DC photovoltaic output as a converted
DC photovoltaic input to a high voltage, high power photovoltaic DC-AC inverter. A SolarEdge solar
power system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-

US contains a plurality of DC-DC power converters (one in each P401 optimizer) wherein each DC-

13 hitps://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 1.
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DC power converter is connected in series to at least one other DC-DC power converter (in another
P401 optimizer) and each power optimizer outputs power to a high power photovoltaic DC-AC
inverter.

89. SolarEdge’s “Concept of Orientation” provides an example of combined higher
voltage converted DC photovoltaic output as a converted DC photovoltaic input to a high voltage, high
power photovoltaic DC-AC inverter.'*

90. Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system with an inverter for inverting said converted DC photovoltaic input into a high power inverted
AC photovoltaic output. A SolarEdge solar power system includes an inverter responsive to said
converted photovoltaic DC outputs, such as the SE3800H-US inverter, which outputs high power
inverted AC photovoltaic output.*®

9L SolarEdge’s inverters “efficiently converts DC power from the modules into AC power
that can be fed into the main AC service of the site and from there to the grid.”

https://mww.solaredge.com/sites/default/files/se-single-and-three-phase-inverter-user-manual-na.pdf.

92. SolarEdge’s “Concept of Orientation” provides a description of an inverter responsive
to a SolarEdge power optimizer.1®
93. SolarEdge’s datasheet describe the ability of its inverters to receive a DC input and

output a high power inverted AC photovoltaic output:

14 https://www.solaredge.com/sites/default/files/se_application_fixed string_voltage.pdf at 2.

15 See https://www.solaredge.com/sites/default/files/se-installer-starter-quide-eng.pdf;
https://www.solaredge.com/sites/default/files/se-three-phase-inverter-setapp-480-datasheet-na.pdf.
16 https://www.solaredge.com/sites/default/files/se_application fixed string_voltage.pdf at 1.

30


https://www.solaredge.com/sites/default/files/se-single-and-three-phase-inverter-user-manual-na.pdf
https://www.solaredge.com/sites/default/files/se_application_fixed_string_voltage.pdf
https://www.solaredge.com/sites/default/files/se-installer-starter-guide-eng.pdf
https://www.solaredge.com/sites/default/files/se_application_fixed_string_voltage.pdf

Case 1:22-cv-00997-UNA Document 1 Filed 07/28/22 Page 31 of 124 PagelD #: 31

MODEL NUMBER SE30KUS SE40KUS

UNITS

APPLICABLE TO INVERTERS WITH PART NUMBER SEXME-USKBDOOM
OUTPUT

INPUT

https://www.solaredge.com/sites/default/files/se-three-phase-inverter-setapp-480-datasheet-
na.pdf.

94. Thus, on information and belief, SolarEdge’s use of a solar power system that includes

a package of P401 power optimizers and the SE3800H-US inverter infringes at least claim 1 of the
’498 patent.

95. The full extent of SolarEdge’s infringement is not presently known to Plaintiff. On
information and belief, SolarEdge has made, used, sold, offered for sale, and/or imported products
under different names or part numbers the use of which infringes the 498 patent in a similar manner.
Plaintiff makes this preliminary identification of infringing products and infringed claims without the
benefit of discovery or claim construction in this action, and expressly reserves the right to augment,
supplement, and revise its identification based on additional information obtained through discovery
or otherwise.

96. SolarEdge has had notice of and has been aware of the *498 patent and its infringement
of the *498 patent since at least the filing of this Complaint.

97. In addition, since at least the above-mentioned date when SolarEdge was on notice of

its infringement, SolarEdge has actively induced and continues to induce others to infringe one or more
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of the claims of the *498 patent in violation of B3 U.S.C_§ 271(bY, as described below.

98. On information and belief, SolarEdge knowingly and intentionally induces users of one
or more of the Accused Products to directly infringe one or more claims of the ’498 patent by
encouraging, instructing, and aiding one or more persons in the United States, including but not limited
to end users, distributors, and installers to use the Accused Products in a manner that infringes the *498
patent.

99. For example, SolarEdge induces infringement by providing the Accused Products,
contracting for the distribution of the Accused Products, by marketing the Accused Products, and by
creating and/or distributing user manuals, web pages, marketing materials, and/or similar materials
with instructions on using the Accused Products in an infringing manner. The use of the Accused
Products in accordance with SolarEdge’s instructions results in infringement of the asserted claims of
the *498 patent.

100.  Oninformation and belief, the Accused Products are designed in such a way that when
they are used for their intended purpose, the user infringes the *498 patent. SolarEdge knows and
intends that its distributors, installers, and/or end users that purchase the Accused Products will use
those products for their intended purpose.

101.  Oninformation and belief, SolarEdge was aware of the infringement of the 498 patent
or acted with willful blindness as to its existence at least as a result of the filing of this Complaint.

102. Moreover, by continuing to make, use, sell, offer to sell, and/or import the Accused
Products after SolarEdge first had notice of Ampt’s allegations of infringement, SolarEdge has

indirectly infringed and continues to indirectly infringe by contributing to the infringement of one or

more claims of the 498 patent pursuant to B3 U.S.C. § 271(c), as described below.

103.  On information and belief, SolarEdge has contributorily infringed, and continues to
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contributorily infringe, the asserted claims by offering to sell, selling, and importing into the United
States the Accused Products that perform the claimed methods for solar energy power creation,
knowing that the Accused Products are especially made for use in infringing the *498 patent, and are
not staple articles of commerce suitable for a substantial non-infringing use. In particular, the Accused
Products are power optimizers and inverters that need to be set-up by SolarEdge’s distributor and/or
user in accordance with specific directions from SolarEdge in order to be operable for purpose of solar
energy power creation. The Accused Products contain components, including control circuitry, that
specifically implement the claimed methods for solar energy power creation. Indeed, these components
are especially built to perform the accused functionalities. On information and belief, SolarEdge has
performed and continues to perform these affirmative acts with knowledge of the *498 patent and with
the intent, or willful blindness, that they cause the direct infringement of the *498 patent.

104.  On information and belief, Ampt has suffered and continues to suffer damages as a
result of SolarEdge’s infringement of the *498 patent in an amount to be determined at trial.

105. SolarEdge’s infringement of the *498 patent is causing irreparable harm for which
Ampt has no adequate remedy at law unless SolarEdge is enjoined by this Court. Under B2 U.S.C. 8
B83, Ampt is entitled to a permanent injunction against further infringement of the *498 patent.

106.  Ampt does not have an adequate remedy at law.

107.  Oninformation and belief, SolarEdge’s infringement is willful and deliberate, entitling

Ampt to increased damages under BS U.S.C. § 284 and to attorneys’ fees and costs incurred in

prosecuting this action under B5 U.S.C_§ 283.

COUNT 11
(INFRINGEMENT OF U.S. PATENT NO. 7,719,140)

108.  Plaintiff repeats and realleges paragraphs 1-107 as if fully set forth at length herein.

109. SolarEdge has and continues to infringe one or more claims of the *140 patent in this
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judicial district and elsewhere in the United States.

110.  Upon information and belief, SolarEdge makes, uses, sells, offers for sale, and/or
imports into the United States the Accused Products.

111.  SolarEdge directly infringes the *140 patent under B3 U.S.C. § 271(a), literally and/or
under the doctrine of equivalents, by using the Accused Products in an infringing manner within the
United States, including in installation, testing and demonstrating the Accused Products.

112.  For example, SolarEdge directly infringes at least claim 1 of the 140 patent, either
literally or under the doctrine of equivalents. The asserted claim(s) of the *140 patent are valid,
enforceable, and currently in full force and effect.

113.  Claim 1 of the *140 patent recites:

A highly efficient method of series string solar energy power conversion comprising the

steps of:

establishing a plurality of solar energy sources, each providing a DC photovoltaic output;

creating a plurality of high voltage highly varying DC photovoltaic outputs from said
plurality of solar energy sources;

individually establishing each of said high voltage, highly varying DC photovoltaic outputs
as an individual DC photovoltaic input to a plurality of individual high efficiency
switchmode photovoltaic DC-DC converters;

individually high efficiency conversion duty cycle controlling operation of a plurality of
switch elements within each of said individual high efficiency switchmode photovoltaic
DC-DC converters;

photovoltaic boundary condition controlling said plurality of switch elements within each
of said individual high efficiency switchmode photovoltaic DC-DC converters;

maximum photovoltaic power point controlling said plurality of switch elements within
each of said individual high efficiency switchmode photovoltaic DC-DC converters slaved
to said step of photovoltaic boundary condition controlling said plurality of switch
elements;

slavedly individual panel dedicated maximum photovoltaic power point DC-DC
converting each of said high voltage, highly varying DC photovoltaic outputs;
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boundary condition DC-DC converting said high voltage, highly varying DC photovoltaic
outputs;

individually substantially power isomorphically converting each said high voltage, highly
varying DC photovoltaic outputs into a plurality of converted DC photovoltaic outputs
while accomplishing said step of individual dedicated maximum photovoltaic power point
converting said DC photovoltaic input from each of said plurality of solar panels;

serially connecting said plurality of converted DC photovoltaic outputs to create a
combined higher voltage converted DC photovoltaic output from said plurality of solar
panels;

establishing said combined higher voltage converted DC photovoltaic output as a converted
DC photovoltaic input to a high voltage, high power photovoltaic DC-AC inverter; and

inverting said converted DC photovoltaic input into a high power inverted AC photovoltaic
output.

114.  As one non-limiting example of said infringement, on information and belief,
SolarEdge practices each and every step recited in claim 1 of the *140 patent by using a solar power
system that includes a package of P401 power optimizers and the SE3800H-US inverter, as described
below.

115.  SolarEdge does and will make, use, offer to sell, sell, and/or import systems for series
string solar energy power conversion. For example, SolarEdge and its distributers install, monitor and
operate solar power conversion systems that includes an inverter such as the SE3800H-US and a
plurality of P401 power optimizers that are designed and intended to be installed on solar panels

mounted in a series string. See, e.g., https://www.solaredge.com/us/products/power-optimizer#/.*’

116.  As depicted on SolarEdge’s website, it offers for sale solar power systems, including

those that include power optimizers such as the P401 an inverter such as the SE3800H-US. This

17 see also https://www.solaredge.com/sites/default/files/se-P5-series-add-on-power-optimizer-
datasheet-na.pdf; https://www.solaredge.com/sites/default/files/se-installer-starter-quide-eng.pdf;
https://www.solaredge.com/sites/default/files/se-three-phase-inverter-setapp-480-datasheet-na.pdf.
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includes providing directions on finding SolarEdge authorized installers.®

117.  Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system that establishes a plurality of solar energy sources, each providing a DC photovoltaic output.
A SolarEdge solar power system that includes a plurality of P401 power optimizers and an inverter
such as the SE3800H-US are connected to a plurality of solar energy sources (i.e., solar panels), each

providing a DC photovoltaic output.
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e

https://youtu.be/oFDHgmDymrY.

18 https://www.solaredge.com/sites/default/files/se-hd-wave-single-phase-inverter-with-setapp-
datasheet-na.pdf; https://www.solaredge.com/sites/default/files/se-installer-starter-guide-eng.pdf;
https://www.solaredge.com/us/commercial-solutions-pv-professionals;
https://www.solaredge.com/sites/default/files/se-three-phase-inverter-setapp-480-datasheet-na.pdf;
https://www.solaredge.com/us/find-installer;
https://www.solaredge.com/sites/default/files/residential _catalogue eng.pdf.
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118. SolarEdge’s “Concept of Orientation” provides an example of a plurality of solar

energy sources.

Scenario 1 - Ideal Conditions: Initially, we assume all the modules are exposed to full iradiance, each providing 200W of power.
The power output of each solar module is maintained at the module’s maximum power point by an input control loop within the
corresponding power optimizer. This MPP loop dictates to the power optimizer an input current L, and input voltage V;, that
ensure the transfer of the entire 200W from the module to the DC bus. We assume an MPP voltage for each module (given
perfectly matched modules for demonstration purposes) of Vier = 32V. This means the input voltage to the power optimizer is
32V, and the input current is 200W/32V = 6.25A. The input voltage to the inverter is controlled by a separate feedback loop. For
simplicity, in this example the inverter requires a constant 400V. Since there are ten serially-connected modules, each providing
200W, the input current to the inverter is 2000W/400V = 5A_ Thus, the DC bus current flowing through each of the power
optimizers must be SA. This means that each power optimizer in this example provides an output voltage of 200W/5A = 40V. In
this case, the power optimizers are acting as up converters, converting the 32V input voltage to the target 40V output voltage.
The various system currents and voltages in this case are illustrated in Figure 1.
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Figure I: Operation under Ideal Conditions

https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 1.

119.  SolarEdge’s design guideline also provides an example of a “valid use” that connects

20 optimizers to 20 solar energy sources:

Example 1 - Valid Use

In a system with an SE5000H inverter installed with 20 x 345W modules connected to P370 (138% oversizing), the installed
DC capacity will be 6.9kW STC. The inverter AC nameplate is 5kWac, which is lower than the maximum nominal string
power of 5.7kW for P370 with single phase HD-Wave inverter (15Ax380V=5.7kW). In addition, 20 optimizers are smaller
than the maximum allowed optimizers per string with a single phase inverter and the DC capacity of 6.9kW STC can be
installed in one string. The inverter nameplate limit will ensure the maximum nominal string power is not exceeded.

Regular Design Single String Design
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https://www.solaredge.com/sites/default/files/se-power-optimizer-single-string-design-
application-note.pdf at 1.

120.  Further, SolarEdge does and will make, use, offer to sell, sell, and/or import a system
that creates a plurality of high voltage highly varying DC photovoltaic outputs from said plurality of
solar energy sources.

121. SolarEdge’s “Concept of Orientation” provides an example of a plurality of solar

energy sources, where each source has varying DC outputs:

Scanario 2 - Partial Shading: Next, we assume module #9 is shaded and consequently produces only 40W of power. The other 9
madules are not shaded and each still produces 200W of power. The power optimizer of the shaded module maintains that
module at its maximum power point, which is now lowered due to the shading. Assuming Vyee = 28V, the current is 40W/28V =
143A. The total power produced by the string is now G200W+40W = 1840W. Since the inverter still needs to maintain an input
voltage of 400V, the input current to the inverter will now be 1840W/400V = 4.6A_ This means that the DC bus current must be
4.64_Therefore, the power optimizers of the 9 un-shaded modules will have an output of 200W/4.6A = 43.5V.

In contrast, the power optimizer attached to the shaded module will output 40W/4.6A = B.7V. The input to the inverter can be
obtained by summing 9 modules providing 43.5V and 1 module providing 8.7V, i.e. 9x43.5V+8.7V = 400V, as required by the
inverter. In this case, the 9 power optimizers producing 200W each are essentially acting as up converters, converting the 32V
input voltage to a 43.5V output voltage, whereas the power optimizer of module #9 is acting as a down converter, converting
the 28V input voltage to an 8.7V output voltage.

The various system currents and voltages in this case are illustrated in Figure 2.
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Figure 2 Operation with Partial Shading

https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 2.

122.  SolarEdge advertises that each of'its solar panels operates at “its maximum ability”” and

is thus operating with varying DC photovoltaic outputs:
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https://www.solaredge.com/sites/default/files/residential catalogue eng.pdf at 8.

123.  Further, SolarEdge does and will make, use, offer to sell, sell, and/or import a system
that individually establishes each of said high voltage, highly varying DC photovoltaic outputs as an
individual DC photovoltaic input to a plurality of individual high efficiency switchmode photovoltaic
DC-DC converters. For example, a SolarEdge solar power system that includes a plurality of P401
power optimizers and an inverter such as the SE3800H-US contains plurality of individual high
efficiency switchmode photovoltaic DC-DC converters (one in each P401 optimizer).t°

124.  SolarEdge’s “Concept of Orientation” provides an example of each of said high
voltage, highly varying DC photovoltaic outputs as an individual DC photovoltaic input to a plurality
of individual high efficiency switchmode photovoltaic DC-DC converters.?

125.  Inaddition, make, use, offer to sell, sell, and/or import a system a system wherein each
photovoltaic DC-DC power converter comprises a boost and buck power conversion circuit in any

order (i.e. switchmode photovoltaic DC-DC converters). A SolarEdge solar power system that includes

19 See https://youtu.be/oFDHgmDymrY.
20 See https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 2.
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a plurality of P401 power optimizers and an inverter such as the SE3800H-US contains a plurality of
power converters (one in each P401 optimizer). On information and belief, each P401 optimizer uses
a switchmode photovoltaic DC-DC converter that includes boost conversion circuitry and buck
conversion circuitry. Front and back photographs of the circuit board in a P401 optimizer are shown

below.

126.  On information and belief, the item labeled on the P401 board as L1 (marked in red in
the annotated photograph below) is an inductor as depicted in Figures 5A and 5B of the patent, and the
transistors on the P401 board labeled as Q1, Q3, Q4, and Q6 (marked in blue in the annotated
photograph below) correspond to the transistors marked as T1 — T4 in Figure 5A of the patent. As in
the patent, these components are configured so that the P401’s circuitry can use both a buck conversion

circuit and a boost conversion circuit and alternate between them as needed.
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127.  Figure 5A in the patent also identifies capacitors C1 and C2 as part of the buck and
boost conversion circuitry. The P401 board contains many capacitors (typically marked with the prefix
C), as shown for example in the close-up photo of a portion of the P401 board shown below. Discovery
is needed to identify the specific capacitors used for this functionality; on information and belief at
least two capacitors are acting as part of the boost and buck conversion circuitry in the P401 that

corresponds to the circuit shown in Figure 5A of the patent.
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128.  Further, SolarEdge doés and will makes, uses, offers to sell, sells, and/or imports a
system with individually high efficiency conversion duty cycle controlling operation of a plurality of
switch elements within each of said individual high efficiency switchmode photovoltaic DC-DC
converters. A SolarEdge solar power system that includes a plurality of P401 power optimizers and an
inverter such as the SE3800H-US contains in each P401 optimizer converter functionality control
circuitry that controls said at least one dual mode photovoltaic DC-DC converter to achieve, high
efficiency conversion duty cycle controlling operation.

129.  On information and belief, the SolarEdge power optimizers provide maximum power
point tracking by duty cycle controlling switch elements (outlined in blue in the photographs above)
within the switchmode photovoltaic DC-DC converters.

130. SolarEdge advertises that the control circuitry that controls the switchmode

photovoltaic DC-DC converter achieves “Superior efficiency (99.5%),” and makes clear that that no
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substantial portion of the energy is lost as heat energy.?
131. SolarEdge’s website represents that the S-Series and P-Series optimizers have a

maximum efficiency of 99.5% and a weighted efficiency of 98.8%.

P300/P320/P350/P370/P385/P401
100.0% -

99.0% - /______..---"'__
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93.0% |

DDDDD M
=—=\/mpp = 25V Peak Efficiency=99.3% Weighted efficiency = 98.6%

Vmpp = 35V Peak Efficiency = 99.5% Weighted efficiency = 99.1%

https://www.solaredge.com/sites/default/files/application note solaredge optimizers efficiency.
pdf at 2.

132.  Moreover, the SolarEdge website states its power optimizers are “highly efficient,
maintaining over 98% conversion efficiency over a wide range of conditions.” See

https://mww.solaredge.com/sites/default/files/se application fixed string voltage.pdf.

133.  Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system where photovoltaic boundary condition control said plurality of switch elements within each
of said individual high efficiency switchmode photovoltaic DC-DC converters. A SolarEdge solar
power system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-
US contains in each P401 optimizer a switch circuit configured and arranged to be sufficient to power
said solar power system during operation of said solar power system to produce operational power,

and while producing operational power to be capable of alternating between: maximum power point

21 See also https://www.solaredge.com/sites/default/files/se-P5-series-add-on-power-optimizer-
datasheet-na.pdf.
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tracking, overcurrent boundary condition control of said converted photovoltaic DC output at other
than maximum power point, and overvoltage boundary condition control of said converted
photovoltaic DC output at other than said maximum power point.

134.  Testing of the P401 optimizer in conjunction with a SolarEdge SE3800H-US Inverter
and a Keysight Solar Array Simulator with five E4376A modules shows that it provides operational
power at a maximum power point level, an overcurrent boundary level, and an overvoltage boundary
level. The testing also shows that the overcurrent boundary and overvoltage boundary levels are

different from the maximum power point level.
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135.  Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system where photovoltaic boundary condition control said plurality of switch elements within each
of said individual high efficiency switchmode photovoltaic DC-DC converters. A SolarEdge solar
power system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-
US contains in each P401 optimizer a plurality of switch elements (outlined in blue in the photographs

above) configured and arranged with their associated circuitry to be sufficient to power said solar
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power system during operation of said solar power system to produce operational power, and while
producing operational power to be capable of alternating between: maximum power point tracking,
overcurrent boundary condition control of said converted photovoltaic DC output at other than
maximum power point, and overvoltage boundary condition control of said converted photovoltaic
DC output at other than said maximum power point.

136. SolarEdge’s website states that “The SolarEdge Power Optimizers increase energy
output from PV systems by constantly tracking the maximum power point (MPPT) of each module

individually.” https://www.solaredge.com/us/products/power-optimizers#/.??

137.  SolarEdge’s “Concept of Orientation” provides a description of using circuitry to
control said photovoltaic DC-DC power converter to produce operational power at a maximum power
point level 23

138.  As discussed above, testing of the P401 optimizer in conjunction with a SolarEdge
SE3800H-US inverter and a Keysight Solar Array Simulator with five E4376A modules shows that it
provides operational power at a maximum power point level.

139.  Furthermore, the SolarEdge datasheets specifies a MPPT Operating Range, which is
the Maximum Power Point Tracking Operating Range.

Optimizer Model P320 PAO
(Typical Module Compatibility) (for high-power 60-cell modules) | (for high-power 60/72-cell modules)

INPUT

Rated Input DC Power” 320 400 W
Absolute Maximum Input Voltage (Voc at lowest temiperatura) 48 &0 Vdc
MPPT Operating Range 8-48 8- 60 Vdc
Maximum Short Circuit Current (lsc) 11 11.75 Adc
Maximum Effidency 945 %
Weighted Efficiency 93.8 %
Owvervoltage Category |

https://www.solaredge.com/sites/default/files/se-P5-series-frame-mounted-power-optimizer-
datasheet-na.pdf at 2.

22 See also https://youtu.be/oFDHgmDymrY.
23 https://ww.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 1.
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140.  Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system where slavedly individual panel dedicated maximum photovoltaic power point DC-DC
converting each of said high voltage, highly varying DC photovoltaic outputs. A SolarEdge solar
power system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-
US contains in each P401 optimizer controls such that each solar panel is separately maximum power
point controlled to compensate for variation in DC photovoltaic output of individual solar panels, and
that each P401 is slaved to the inverter.

141.  SolarEdge’s “Concept of Orientation” provides an example of a plurality of solar
energy sources, where each source has varying DC outputs, which process is controlled by the power
optimizer.?*

142.  SolarEdge advertises that each of'its solar panels operates at “its maximum ability”” and
is thus operating with varying DC photovoltaic outputs.?®

143.  Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system where photovoltaic boundary condition control said plurality of switch elements within each
of said individual high efficiency switchmode photovoltaic DC-DC converters. A SolarEdge solar
power system that includes a plurality of P401 power optimizers and an inverter such as the SE3800H-
US contains in each P401 optimizer a switch circuit configured and arranged to be sufficient to power
said solar power system during operation of said solar power system to produce operational power,
and while producing operational power to be capable of alternating between: maximum power point
tracking, overcurrent boundary condition control of said converted photovoltaic DC output at other

than maximum power point, and overvoltage boundary condition control of said converted

24 https://www.solaredge.com/sites/default/files/se application fixed string voltage.pdf at 2.
25 https://ww.solaredge.com/sites/default/files/residential catalogue eng.pdf at 8.
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photovoltaic DC output at other than said maximum power point.

144.  Testing of the P401 optimizer in conjunction with a SolarEdge SE3800H-US Inverter
and a Keysight Solar Array Simulator with five E4376A modules shows that it provides operational
power at a maximum power point level, an overcurrent boundary level, and an overvoltage boundary
level. The testing also shows that the overcurrent boundary and overvoltage boundary levels are

different from the maximum power point level.
VI Curve
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145.  The SolarEdge datasheet further describes these boundary conditions:

OUTPUT DURING OPERATION (POWER OPTIMIZER CONNECTED TO OPERATING SOLAREDGE INVERTER)

Maximum Output Current 15 Adc

Maximurm Output Voltage &0 Wdc

https://www.solaredge.com/sites/default/files/se-P5-series-frame-mounted-power-optimizer-
datasheet-na.pdf.

146.  Further, SolarEdge does and will makes, uses, offers to sell, sells, and/or imports a
system that individually substantially power isomorphically converting each said high voltage, highly
varying DC photovoltaic outputs into a plurality of converted DC photovoltaic outputs while

accomplishing said step of individual dedicated maximum photovoltaic power point converting said
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DC photovoltaic input from each of said plurality of solar panels. A SolarEdge solar power system that
includes a plurality of P401 power optimizers and an inverter such as the SE3800H-US contains in
each P401 optimizer a control to convert a high voltage DC output into a plurality of converted DC
outputs while providing maximum power point conversion of the input from each solar panel. The

maximum power point conversion is illustrated in the below figure.
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147.  Moreover, this conversion is substantially power isomorphic. SolarEdge a