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LEADFRAME BASED PHOTO VOLTAIC ELECTRONIC ASSEMBLY

Cross-Reference to Related Applications

This application claims priority under 35 U.S.C. §119(e) to co-pending Provisional
United States Patent Application No. 60/901,377 filed February 14, 2007 which is hereby

incorporated by reference.

Field of the Invention
This invention relates generally to photovoltaic module assemblies. More
specifically, it relates to photovoltaic module assemblies having concentrator lenses and/ or

mirrors.

Background of the Invention

To achieve high efficiency of solar energy to electric power conversion, some current
designs for the electronic portion of photovoltaic (PV) solar module uses non-silicon based
semiconductors such as GaAs die on a Ge substrate. Other semiconductors such as CIGS or
InP can also be used. These compound semiconductors are generally more efficient than
their silicon based counterparts. Due to the higher efficiency, such PV cells can be made
small. For even greatert efficiency, concentrator lenses, or optical rods, are used to
concentrate incident sunlight on a large surface area onto to a small PV die. A concentrator
type PV assembly can include mirrors are used to concentrate the incident solar light on the
semiconductor device. Because of the high concentration solar energy, the module operates
in a high-temperature environment. The temperature can be further exacerbated by the energy
losses in conversion processes which result in additional heat generation. One solution uses
BeO (Beryllium Oxide) to mount the substrate because of its high thermal conductivity. The

thermal conductivity of the BeO allows heat in the semiconductor device to be thermally
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coupled, and then transport it to an external heat sink. However, BeO has a high cost and is
toxic. Furthermore, BeO is an electrical insulator, and therefore metal traces, usually copper,
are also formed on a BeO substrate using common Printed Circuit Board (PCB) techniques.
Another element in the microelectronic assembly of the receiver is the need for tight
tolerance and alignment of the optics to the semiconductor and substrate do the very high
concentration of heat. The equipment and tooling necessary to accurately place concentrators
is costly and requires dedicated operators, technicians and resources.

What is needed are devices and methods for minimizing the energy losses through the
interconnect and for transferring heat from the electronic module to the ambient environment
which can include the transfer of heat through the substrate to a heatsink and on to the
environment. Further, what is needed is a solution with that does not include toxic material
in the solufion and yet has a good thermal conductivity. Further, what is needed is a cost

effective method for assembling PV assemblies capable of accurate tolerances.

Summary of the Invention

In one aspect of the invention, a mounting assembly for a photovoltaic device
includes a metal substrate with a front surface and a back surface. A first mold compound
encapsulates at least a portion of the metal substrate. At least one photovoltaic device, having
an anode and a cathode, is coupled to the front surface of the metal substrate. A second mold
compound encapsulates at least a portion of the first mold compound. The second mold
compound has an having an opening configured to receive a solar concentrator. The solar
concentrator is configured to concentrate light onto the at least one photovoltaic cell. The
back surface of the metal substrate is able to be oxidized. The first and second mold
compounds are able to be applied by commonly known and understood molding techniques.
The mounting assembly can further comprise a protection diode. Also, the mounting
assembly can in turn be mounted on an active or passive heat sink. Alternatively, it can be

liquid cooled.
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In another aspect of the invention, a method of assembling a photovoltaic device

comprises applying a first mold compound to a metal substrate having a front and a back

surface and encapsulating at least a portion of the metal substrate. At least one photovoltaic

device is mounted on the front surface of the metal substrate. A second mold compound

encapsulates at least a portion of the first mold compound, forming an opening in the second

mold compound configured to receive a solar concentrator. A solar concentrator configured

to concentrate light on the photovoltaic device is mounted to the metal substrate. In some
embodiments, the first and second mold compounds can be applied using standard well
known molding procedures. The method of assembling can also comprise the step of

mounting the metal substrate onto a passive of active heat sink. In other embodiments, the

method can comprise the step of liquid cooling the mounting assembly.

Brief Description of the Several Drawings

FIGURE 1A shows the PV assembly with a first mold compound applied.
FIGURE 1B shows a close up of the PV assembly of Figure 1A.

FIGURE 1C shows an alternative embodiment of the PV assembly of Figure 1A.
FIGURE 2A shows the PV assembly with a second mold compound applied.

FIGURE 2B shows an alternative embodiment of the assembly with the second mold

compound applied.

FIGURE 2C shows a cross section of the PV assembly with the second mold compound

applied.
FIGURE 2D shows the PV assembly mounted with a solar concentrator
FIGURE 3A shows the PV assembly mounted to a heat sink

FIGURE 3B shows a cross section of the PV assembly mounted to the heat sink.

Detailed Description of the Drawings
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Embodiments of the present invention are directed to a photovoltaic assembly. Those
of ordinary skill in the art will realize that the following detailed description of the present
invention is illustrative only and is not intended to be in any way limiting. Other
embodiments of the present invention will readily suggest themselves to such skilled persons

having the benefit of this disclosure.

Reference will now be made in detail to implementations of the present invention as
illustrated in the accompanying drawings. The drawings may not be to scale. The same
reference indicators will be used throughout the drawings and the following detailed
description to refer to the same elements. In the interest of clarity, not all of the routine
features of the implementations described herein are shown and described. It will, of course,
be appreciated that in the development of any such actual implementation, numerous
implementation-specific decisions must be made in order to achieve the developer's specific
goals, such as compliance with application and business related constraints, and that these
specific goals will vary from one implementation to another and from one developer to
another. Moreover, it will be appreciated that such a development effort might be complex
and time-consuming, but would nevertheless be a routine undertaking of engineering for

those of ordinary skill in the art having the benefit of this disclosure.

Figure 1A shows the preferred PV assembly 10. A PV cell 100 is mounted on a metal
substrate 110. The PV cell can be any among a list of, but not limited to, Silicon, Indium
Phosphide, Gallium Arsenide, Cadmium Telluride, Copper Indium Gallium Selenide, Copper
Indium Selenide, or any other bulk or thin film semiconductor capable of converting light
energy into electric current. Preferably, the PV cell 100 is mounted with its negative
terminal, or cathode coupled to the metal substrate 110 to effectuate a transfer of electric
current from the PV cell 100 to the metal substrate 110. In some embodiments, the metal
substrate is copper. The copper substrate is able to be manufactured using current, mature
and well known leadframe processing technologies which exist in most semiconductor

manufacturing environments. The copper substrate is able to be made substantially thick, on
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the order of several mils, to effectuate efficient transfer of substantial amounts of current and
heat therethrough. Furthermore, given the maturity of the technology, such a substrate can be
manufactured inexpensively. In contrast, forming copper traces of several mils in thickness
on another substrate, such as BeQ, is costly both because of the technology required to
deposit such thick copper and the copper itself. Moreover, the BeO substrate itself, currently
costs on the order of dozens of cents. In a very competitive market, such a starting cost is

likely not acceptable.

The other side of the PV cell 100, the anode or positive terminal is exposed to
sunlight preferably through a concentrator (not shown). Also, the anode is is coupled to a
current bus 120 via bondwires 125. Optionally, bus bars 122 can be included for efficient
current transfer. The bus bars 122 may be copper, silver, or any substance with a high
current carrying capability. In some embodiments, the copper substrate 110 is encapsulated
at least in part by a first mold compound 130. The mold compound 130 can be any off-the-
shelf mold compound commonly used in semiconductor packaging that has a high thermal
conductivity and is a good electrical insulator. The first mold compound 130 can be applied
using common and well understood semiconductor packaging techniques, such as molding a
pattern of an area that is to be encapsulated. In some embodiments, the current bus 120 is be
formed or mounted over the first mold compound 130 to electrically isolate it from the metal
substrate 110. It is understood in the field of semiconductor packaging that such techniques
are mature, widely available and have placement accuracies of 30 microns or better, which
effectuates design and assembly of high tolerance PV assemblies at low cost. The first mold
compound 130 in part serves to give rigidity to the copper substrate 110 and effectuate

bonding for a second mold compound (not shown).

A close up of the PV cell assembly 10 is shown in figure 1B. In some embodiments,
the current bus 120 is a strip of copper is electrically isolated from the copper substrate 110.
As is well known, the light hits the PV cell 100, electric current is generated and a circuit

loop is formed from the current bus 120 through the bondwires 125, through the PV cell 100

5
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and the copper substrate 110. Optionally, a protection diode 127 can be placed between the

current bus 120 and the copper substrate 110.

Figure 1C shows an alternate construction for the PV assembly 11. This alternate
assembly 11 comprises the copper substrate 110 and current bus 120, however a frame 121 is
mechanically coupled to the copper substrate 110 by tie bars 129. Current semiconductor
packaging assembly techniques routinely employ tie bars which hold a leadframe structure
together during the assembly process. The first mold compound (not shown for clarity) fills
in empty space 128 and encapsulates at least a portion of the copper substrate 110, lending
rigidity to the assembly 11. The tie bars 129 are later cut to electrically isolate the substrate
110 from the current bus 120 and frame 121. A protection diode 127 further enhances

electrical isolation.

Figure 2A shows the assembly 10 depicted in Figures 1A, and 1B having a second
mold compound 140 applied thereon. The second mold 140 is able to be applied such that it
encapsulates at least a portion of the first mold 130, the copper substrate 110, and current bus
120. The second mold 140 also protects the bondwires (not shown). The second mold 140
preferably has an opening 145 coinciding with the anode surface of the PV cell 100. The
opening 145 can be formed using standard masking techniques used in semiconductor
packaging. Alternatively, the second mold compound 140 can encapsulate the entirety of the
PV cell assembly 10 as shown in figure 2B. Such a configuration is desirable due to the
enhanced rigidity added by the second mold 145 and because of the protection it offers to the

components encapsulated.

Figure 2C shows a cross section of the assembly 10 in figure 2A bisected along the
line A-B. In some embodiments, the opening 145 has a beveled edge 147 configured to
receive an optical concentrator or optical rod (not shown). Alternatively, the opening 145 is
able to be formed in any desired predetermined shape to form a socket to receive a

concentrator or optical rod. As a result of the high accuracy of a standard semiconductor
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packaging molding process discussed above, the opening 145 can be placed on top of the PV
cell 100 to an accuracy of 30 microns or better without the need for additional technology

development.

Figure 2D shows an exemplary optical rod 150 mounted in the opening 145.
Preferably, the optical rod 150 is placed over the PV cell 100. The optical rod 150 is
configured to receive sunlight 151 and concentrate the sunlight on to the PV cell 100. Design
methods for optical rods for optimum concentration of sunlight are well understood by those

of ordinary skill in the art.

In addition to concentration light energy from the sun151, the optical rod 150 also
concentrates heat that is preferably harvested away from the assembly 10 for optimum
performance and durability. Figure 3A shows the assembly 10 mounted to a heat sink 160.
By way of example, a comb heat sink 160 is shown. Depending on the amount of waste heat
and the speed with which it must be harvested, liquid cooling can be added by running liquid
through tubing 165 between the fins of the heat sink 160. Alternatively the tubing 165 may
be used to heat water for general use. Still alternatively, some current generated by the PV
assembly 10 can be routed to an active cooling device, such as a fan or a thermoelectric
cooling element, commonly known as a Peltier element. Figure 3B shows a cross section of
the assembly 10 on a heat sink 160 bisected across the line A-B in figure 3A. The copper
substrate 110 is substantially thick to effectuate the transfer of waste heat collected as a
byproduct of the optical rod 150. To further prevent electrical contact between the PV cell
100 and the heat sink 160, the back surface of the copper substrate 110 may be oxidized or
covered with a high thermal conductivity mold compound. Furthermore, it can be
appreciated by those of ordinary skill in the art that multiple PV assemblies may be placed on
a heat sink after taking into consideration the amount of waste heat generated by the

assemblies and the particular heat sink’s ability to harvest the waste heat.
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The present application has been described in terms of specific embodiments
incorporating details to facilitate the understanding of the principles of construction and
operation of the photovoltaic assembly. Many of the components shown and described in the
various figures can be interchanged to achieve the results necessary, and this description
should be read to encompass such interchange as well. As such, references herein to specific
embodiments and details thereof are not intended to limit the scope of the claims appended
hereto. It will be apparent to those skilled in the art that modifications can be made to the
embodiments chosen for illustration without departing from the spirit and scope of the

application.
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CLAIMS

What is claimed is:

1. A mounting assembly for a photovoltaic device comprising:
a. a metal substrate having a front surface and a back surface;
b. a first mold compound encapsulating at least a portion of the metal substrate;,
c. at least one photovoltaic device coupled to the front surface of the metal

substrate to effectuate transfer of current therethrough;

d. a second mold compound encapsulating at least a portion of the first mold

compound, having an opening configured to receive a solar concentrator;

€. a solar concentrator configured to concentrate light onto the at least one

photovoltaic cell.

2. The mounting assembly of Claim 1 wherein the at least one photovoltaic device
comprises an anode side and a cathode side, and is coupled to the metal substrate on

its cathode side.

3. The mounting assembly of Claim 1 wherein the anode side of the photovoltaic device

is coupled to at least one current bus by at least one bondwire.

4. The mounting assembly of Claim 1 wherein the back surface of the metal substrate is
oxidized.
5. The mounting assembly of Claim 1 wherein the first mold compound is applied using

a molding procedure.
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The mounting assembly of Claim 1 wherein the second mold compound is applied

using a molding procedure.

The mounting assembly of Claim 1 wherein the photovoltaic device is mounted on a

non-encapsulated portion.

The mounting assembly of Claim 1 wherein further comprising a protection diode.

The mounting assembly of Claim 1 wherein the mounting assembly is mounted on a

passive heat sink.

The mounting assembly of Claim 1 wherein the mounting assembly is mounted on an

active heat sink.

The mounting assembly of Claim 1 wherein the mounting assembly is liquid cooled.

A method of assembling a photovoltaic device comprising:

a. applying a first mold compound to a metal substrate having a front and a back
surface and encapsulating at least a portion of the metal substrate;

b. mounting at least one photovoltaic device on the front surface of the metal
substrate;

C. applying a second mold compound and encapsulating at least a portion of the
first mold compound;

d. forming an opening in the second mold compound configured to receive a
solar concentrator; and

e. mounting a solar concentrator configured to concentrate light on the

photovoltaic device.

10
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The method of Claim 12 further comprising cutting a tie bar to effectuate electrical

isolation.

The method of Claim 12 wherein the back surface of the metal substrate is oxidized.

The method of Claim 12 wherein the first mold compound is applied using a molding

procedure.

The method of Claim 12 wherein the second mold compound is applied using a

molding procedure.

The method of Claim 12 wherein the photovoltaic device is mounted on a non-

encapsulated portion.

The method of Claim 12 wherein further comprising a mounting a protection diode.

The method of Claim 12 further comprising mounting the assembly on a passive heat

sink.

The method of Claim 12 further comprising mounting the assembly on an active heat

sink.

The method of Claim 12 further comprising mounting the assembly on a liquid

cooling mechanism.

11
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