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(57) Abstract: A transport system for substrates, the transport system having at least one belt for receiving the substrates thereon,
retainers disposed at spaced distances on the belt, the spaced distances being at least as wide as a width of the substrates, the re-
tainers rising to an elevation above the belt that is sufficient to stop the substrates from sliding when the substrates bump against
the retainers, a motor for moving the belt, and a motion controller for providing asymmetric acceleration and deceleration of the
belt, such that the belt decelerates faster than the belt accelerates, thereby aligning the substrates against the retainers through suc-
cessive acceleration and deceleration cycles.
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SOLAR CELL TRANSPORT
FIELD

[0001] This application claims benefits and priority on prior pending United States
provision application serial number 61/180,060, filed 2009.05.20. This invention
relates to the field of solar cell fabrication. More particularly, this invention relates to

the transport of solar cells during fabrication.
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INTRODUCTION

[0002] Solar cells are manufactured on production lines where the cells are
transported in wafer form by conveyor belts from one production step to the next. The
belt is not continuously moving, but stops at different processing and inspection steps

along the path.

[0003] Unfortunately, the cell substrates tend to slide around on the belt during
transport of the substrates from station to station. In extreme cases, substrates can
even slip off of the belt and be contaminated, damaged, or destroyed. This tends to
require a registration procedure of some sort at various ones of the production stations
— be it either an automated registration or a manual registration — so that the substrate

is replaced into a desired position prior to the processing or inspection.

[0004] To overcome this problem, vacuum clamping systems have been added to
conveyor belts, which systems draw the substrates tightly against the belt and
constrain the substrates from unwanted movement. Unfortunately, such systems

make the transport system highly complex and expensive.

[0005] What is needed, therefore, is a system that overcomes problems such as those

described above, at least in part.
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SUMMARY OF THE CLAIMS

[0006] The above and other needs are met by a transport system for substrates, the
transport system having at least one belt for receiving the substrates thereon, retainers
disposed at spaced distances on the belt, the spaced distances being at least as wide as
a width of the substrates, the retainers rising to an elevation above the belt that is
sufficient to stop the substrates from sliding when the substrates bump against the
retainers, a motor for moving the belt, and a motion controller for providing
asymmetric acceleration and deceleration of the belt, such that the belt decelerates
faster than the belt accelerates, thereby aligning the substrates against the retainers

through successive acceleration and deceleration cycles.

[0007] In various embodiments according to this aspect of the invention, the at least
one belt is a single belt that is wider than the substrates. Alternately, the at least one
belt is a single belt is narrower than the substrates. In some embodiments the at least
one belt is two belts, where each of the two belts is narrower than half a width of the
substrates. In some embodiments the retainers are slanted toward the top such that the
substrates can be casily removed from the belt without the substrates binding against
the retainers. In some embodiments the retainers are configured to align the
substrates in a single dimension, and in other embodiments the retainers are
configured to align the substrates in two dimensions. In some embodiments the belt
has a directionally frictional surface. In some embodiments the at least one belt
occludes no more than about twenty percent of a backside surface area of each of the

substrates.

[0008] According to another aspect of the invention there is described a method for
aligning substrates on a transport belt, the method comprising the steps of accelerating
the transport belt at a first rate that is insufficient to cause the substrates to slide
backwards on the transport belt during acceleration, and decelerating the transport belt
at a second rate that is faster than the first rate, where the second rate is sufficient to
cause the substrates to slide forwards on the transport belt during deceleration,
thereby aligning the substrates against retainers disposed at spaced intervals on the

transport belt during successive acceleration and deceleration cycles.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Further advantages of the invention are apparent by reference to the detailed
description when considered in conjunction with the figures, which are not to scale so
as to more clearly show the details, wherein like reference numbers indicate like

elements throughout the several views, and wherein:

[0010] Fig. 1 is a top plan view of a transport system according to an embodiment of

the present invention.

[0011] Fig. 2 is a side view of a transport system according to an embodiment of the

present invention.

[0012] Fig. 3 is a top plan view of a transport system according to an embodiment of

the present invention.

[0013] Fig. 4 is a side view of a transport system according to an embodiment of the

present invention.

[0014] Fig. 5 is a top plan view of a transport system according to an embodiment of

the present invention.

[0015] Fig. 6 is a top plan view of a transport system according to an embodiment of

the present invention.
[0016] Fig. 7 is a side view of a prior art dual-toothed conveyor belt.

[0017] Fig. 8 is a side view of a belt that has been formed according to an

embodiment of the present invention.
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DETAILED DESCRIPTION

[0018] The various embodiments of the present invention dispose the substrates on
which the solar cells are fabricated to a known position on a transport belt, and retain
the substrates in those positions. This is achieved by one or both of a specially-

configured transport belt and a motion controller for the transport belt.

[0019] With reference now to Fig. 1, there is depicted a top plan view of a transport
system 100 according to an embodiment of the present invention. The transport
system 100 uses belts 106 to move the substrates 102 in the direction as indicated by
the arrow. In the embodiment of Fig. 1, two belts 106 are depicted. However, it is
appreciated that any number of belts 106 could be used, from one belt 106 up to many
belts 106.

[0020] With reference now to Fig. 2, the belts 106 are equipped with retainers 104
against which the substrates 102 can be aligned, such that the substrates 102 are in a
known position. A motion controller 112 implements an asymmetrical acceleration
and deceleration of the belt 106. This is accomplished by controlling the speed of the
motor 110 that moves the belt 106. In other words, the acceleration of the belt 106 is
slower than the deceleration of the belt 106.

[0021] In this manner, the substrates 102 might tend to slide back away from the
retainers 104 during acceleration of the belt 106, such as depicted in regard to
substrate 102a, but have a greater tendency to slide up against the retainers 104 during
deceleration of the belt 106, such as depicted in regard to substrate 102b, when the
movement of the belt 106 is in the direction as indicated. If the acceleration is
sufficiently slow, then the substrates 102 will not slide away from the retainers 104 at
all. Similarly, if the deceleration is sufficiently fast, the substrates 102 will always
slide up to be adjacent the retainers 104 when the substrate 102 is stopped at a station

for processing or inspection.

[0022] In one embodiment the retainers 104 are slanted so that the substrates 102 do
not get stuck when they are picked up from the belt 106. Fig. 3 depicts an
embodiment where only one belt 106 is used. The retainers 104 depicted thus far tend
to align the substrates 102 in only one direction (one dimension) according to the

direction of travel of the belt 106.
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[0023] Fig. 4 depicts an embodiment where the belt 106 has a textured surface 108,
such that there is a greater coefficient of friction between the belt 106 and the
substrate 102 when the substrate 102 tries to slide forward, and a reduced coefficient
of friction between the belt 106 and the substrate 102 when the substrate 102 tries to
slide backward. Such a textured surface 108 is defined as a “directionally frictional
surface” for the purpose of the claims. In the embodiment of Fig. 4, this textured
surface is provided in the form of slanting ridges of material. However, other textured

surfaces can also provide this same functionality.

[0024] Fig. 5 depicts an embodiment where the belt 106 is wider than the substrate
102. In addition, the retainers 104 have components that serve to retain the substrates
102 in two orthogonal directions of motion (two dimensions), as depicted by the
arrows in the figure. Fig. 6 depicts an embodiment where the substrates 102 are
circular instead of square, and the retainers 104 serve to retain the substrates 102 in
two orthogonal directions of motion, and also tend to center the substrates 102 on the
belt 106. Thus, a wide variety of embodiments for the present invention are

contemplated herein.

[0025] In one embodiment, the belt 106 is manufactured from a commercially-
available dual-toothed belt 706, as depicted in Fig. 7. The belt 706 is fabricated with
teeth 702 disposed on cither side of the belt. As depicted in Fig. 7, the belt 706 is
modified by machining away (or otherwise removing) most of the teeth 702 on the top
side of the belt 106, and leaving one or more teeth 702, which act as the retainers 104.
The benefits of this method of forming the belt 106 is that it is relatively inexpensive
and easy to implement, with no additional steps required to determine the location of
and connect the retainers 104 onto the belt 106 surface. Further, this method provides
for very accurate retainer 104 positions, due to the controlled positioning of the teeth
702 during the initial fabrication of the belt 106. In addition, the surface properties of
the teeth 702 fit the profile as desired for a retainer 104, as described above, and are

fashioned in such a manner that they will be very durable.

[0026] The foregoing description of embodiments for this invention has been
presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed. Obvious

modifications or variations are possible in light of the above teachings. The
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embodiments are chosen and described in an effort to provide illustrations of the
principles of the invention and its practical application, and to thereby enable one of
ordinary skill in the art to utilize the invention in various embodiments and with
various modifications as are suited to the particular use contemplated. All such
modifications and variations are within the scope of the invention as determined by
the appended claims when interpreted in accordance with the breadth to which they

are fairly, legally, and equitably entitled.



WO 2010/135077 PCT/US2010/033484
WHAT IS CLAIMED IS:

1. A transport system for substrates, the transport system comprising;:

at least one belt for receiving the substrates thereon,

retainers disposed at spaced distances on the belt, the spaced distances being at
least as wide as a width of the substrates, the retainers rising to an
clevation above the belt that is sufficient to stop the substrates from
sliding when the substrates bump against the retainers,

a motor for moving the belt, and

a motion controller for providing asymmetric acceleration and deceleration of
the belt, such that the belt decelerates faster than the belt accelerates,
thereby aligning the substrates against the retainers through successive

acceleration and deceleration cycles.

2. The transport system of claim 1, wherein the at least one belt comprises a

single belt that is wider than the substrates.

3. The transport system of claim 1, wherein the at least one belt comprises a

single belt is narrower than the substrates.

4. The transport system of claim 1, wherein the at least one belt comprises two
belts, where each of the two belts is narrower than half a width of the

substrates.

5. The transport system of claim 1, wherein the retainers are slanted toward the
top such that the substrates can be easily removed from the belt without the

substrates binding against the retainers.

6. The transport system of claim 1, wherein the retainers are configured to align

the substrates in a single dimension.

7. The transport system of claim 1, wherein the retainers are configured to align

the substrates in two dimensions.

8. The transport system of claim 1, wherein the belt has a directionally frictional

surface.
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10.

11.

12.

13.

14.

The transport system of claim 1, wherein the at least one belt occludes no
more than about twenty percent of a backside surface areca of each of the

substrates.

A transport system for substrates, the transport system comprising;:

two belts for receiving the substrates thereon, where each of the two belts are
narrower than half a width of the substrates,

retainers disposed at spaced distances on the belts, the spaced distances being
at least as wide as a width of the substrates, the retainers rising to an
clevation above the belts that is sufficient to stop the substrates from
sliding when the substrates bump against the retainers, wherein the
retainers are slanted toward the top such that the substrates can be
casily removed from the belts without the substrates binding against
the retainers,

a motor for moving the belts, and

a motion controller for providing asymmetric acceleration and deceleration of
the belts, such that the belts decelerate faster than the belts accelerate,
thereby aligning the substrates against the retainers through successive

acceleration and deceleration cycles.

The transport system of claim 10, wherein the retainers are configured to align

the substrates in a single dimension.

The transport system of claim 10, wherein the retainers are configured to align

the substrates in two dimensions.

The transport system of claim 10, wherein the belts have directionally

frictional surfaces.

The transport system of claim 10, wherein the at least one belt occludes no
more than about twenty percent of a backside surface areca of each of the

substrates.



10

WO 2010/135077 PCT/US2010/033484

15.

16.

17.

18.

19.

20.

10

A method for aligning substrates on a transport belt, the method comprising

the steps of:

accelerating the transport belt at a first rate that is insufficient to cause the
substrates to slide backwards on the transport belt during acceleration,
and

decelerating the transport belt at a second rate that is faster than the first rate,
where the second rate is sufficient to cause the substrates to slide
forwards on the transport belt during deceleration, thereby aligning the
substrates against retainers disposed at spaced intervals on the

transport belt during successive acceleration and deceleration cycles.

The method of claim 15, wherein the transport belt comprises two belts, where

each of the two belts is narrower than half a width of the substrates.

The method of claim 15, wherein the retainers are slanted toward the top such
that the substrates can be easily removed from the transport belt without the

substrates binding against the retainers.

The method of claim 15, wherein the retainers are configured to align the

substrates in a single dimension.

The method of claim 15, wherein the retainers are configured to align the

substrates in two dimensions.

The method of claim 15, wherein the transport belt has a directionally

frictional surface.
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