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(57) Abstract: A system for handling wafers comprising:
at least one unload station; at least one intermediate sta-
tion designed to hold the wafers at an angle; a processing
station; and a transfer device configured to move the
wafers between the stations. The intermediate station may
be configured to receive the wafers in a back-to-back ar-
rangement. An apparatus for handling wafers comprising:
on one side, a vacuum gripper configured to grip individu-
al wafers; and, on the other side, a gravity gripper config-
ured to support one or more wafers when positioned be-
neath the watfers and lifted. A method for handling wafers,
comprising: unloading wafers; transferring the wafers to
an intermediate station; transferring the wafers from the
intermediate station to a processing station; treating the
wafers; unloading the wafers from the processing station;
and reloading the wafers in a carrier, wherein the wafers
are unloaded, transferred and reloaded by a transfer de-
vice.
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SYSTEMS AND METHODS FOR HANDLING WAFERS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to United States Provisional Application
Number 61/164,639, filed March 30, 2009.

FIELD

[0002] This application generally relates to the handling of thin wafers in a
manufacturing environment, and more particularly, relates to the handling of solar

cell wafers for loading and unloading in a diffusion furnace process.

BACKGROUND

[0003] In manufacturing, the handling of thin, fragile materials (herein referred
to as “wafers”) can be very difficult due to the wastage, both of materials and of time,
that can occur if the wafers are broken during the manufacturing process. Wafers
may be of various materials, however, one particular example of a wafer is a silicon
wafer such as that used in electronics, solar, and other applications.

[0004] Solar cell wafers are fragile, thin planar wafers that are typically made
out of semiconductor materials such as silicon, GaAs, or the like. In order to
increase efficiency and reduce material costs, solar cell wafers are being made
thinner and thinner, causing many difficulties in the manufacturing process due to

breakage and wastage of the solar cell wafers during handling.

[0005] One particular process in the manufacturing of solar cell wafers
involves the wafers being loaded into and unloaded from a diffusion furnace for
treatment. In this process, it is preferred that only one side of the solar cell wafer to
be treated in the diffusion furnace. As such, the solar cell wafers are typically placed
back to back (“BTB”) such that only one side of each wafer is presented to the
environment of the diffusion furnace.

[0006] Conventional systems for handling wafers as they are moved into and
out of the diffusion furnace tend to be quite complex and bulky and do not use floor
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space efficiently, including complex systems to accurately position the wafers in a
back to back format. For example, some conventional systems use a complex comb
structure in a carrier to attempt to accurately position the BTB wafers. The handling
of wafers in this way can reduce throughput due to the amount of time required in
handling and can still result in relatively large amounts of breakage and wastage of
materials due to misalignment of wafers and the like.

[0007] As such, there is need for an improved system, apparatus and method
of handling wafers and, in particular, for handling solar cell wafers.

SUMMARY

[0008] The system, apparatus and/or method is intended to overcome at least
one of the above disadvantages.

[0009] In one aspect described herein, there is provided a system for handling
wafers comprising: at least one unload station; at least one intermediate station
designed to hold the wafers at an angle; a processing station; and a transfer device
configured to move the wafers between the stations.

[0010] In one case, the transfer device may be provided with a vacuum

gripper and a gravity gripper.

[0011] In another case, the intermediate station may be configured to receive
the wafers in a back-to-back (BTB) arrangement in which one group of wafers are
placed in the intermediate station and a second group of wafers are placed in the
intermediate station on top of the first group of wafers such that the wafers are back-
to-back.

[0012] According to another aspect, there is provided an apparatus for
handling wafers comprising: on one side, a vacuum gripper configured to grip
individual wafers; and, on the other side, a gravity gripper configured to support one
or more wafers when positioned beneath the wafers and lifted.

[0013] In a further aspect a method for handling wafers is provided,
comprising: unloading wafers; transferring the wafers to an intermediate station;
transferring the wafers from the intermediate station to a processing station; treating
the wafers; unloading the wafers from the processing station; and reloading the
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wafers in a carrier, wherein the wafers are unloaded, transferred and reloaded by a

transfer device.

[0014] In one case the wafers may be separated into single wafer after being
treated.
[0015] In one aspect, a system for handling a plurality of wafers is provided,

the wafers having a generally planar upper surface and a generally planar lower
surface, the system comprising: at least one unload station; at least one intermediate
station having a front end and a back end, the at least one intermediate station
configured to hold the wafers with a plane of the wafers positioned at an angle to a
horizontal plane; and a transfer device configured to transport the wafers between

the unload station and the intermediate station.

[0016] In one case, the transfer device is provided with a vacuum gripper and
a gravity gripper.
[0017] In another case, the at least one intermediate station comprises a

plurality of slots, each slot provided with a rear stop configured to support a wafer.

[0018] In another case, the angle is downwardly from the front end to the back
end.

[0019] In another case, the angle is between 30 and 60 degrees.

[0020] In another case, the angle is 45 degrees.

[0021] In another case, the at least one intermediate station has at least one

slot configured to receive a first one of the plurality of wafers and a second one of
the plurality of wafers in a back-to-back arrangement whereby the first wafer is
inserted into the at least one slot, and the second wafer is inserted into the at least
one slot on top of the first wafer with the respective upper surfaces of the first and
second wafers in contact.

[0022] In another case, the at least one intermediate station includes a
vacuum element designed to lift the second wafer in the back-to-back arrangement.

[0023] In another case, the transfer device is configured to remove wafers in
the back-to-back arrangement from the at least one intermediate station and place

the wafers into an edge holding device for loading into a processing carrier.
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[0024] In another case, the at least one intermediate station has at ieast one
slot configured to receive a first one of the plurality of wafers and a second one of
the plurality of wafers in a back-to-back arrangement whereby the first wafer is
inserted into the at least one slot, and the second wafer is inserted into the at least
one slot on top of the first wafer with the respective lower surfaces of the first and

second wafers in contact.

[0025] In another case, the at least one intermediate station includes a
vacuum element designed to lift the second wafer in the back-to-back arrangement.

[0026] In another case, the transfer device is configured to remove wafers in
the back-to-back arrangement from the at least one intermediate station and place

the wafers into an edge holding device for loading into a processing carrier.

[0027] In another case, the system further comprises a processing station, the
processing station is configured to accept a processing carrier loaded with the
plurality of wafers, wherein the carrier is moved to a furnace for processing.

[0028] In another aspect, an apparatus for handling wafers is provided
comprising at least one finger, the at least one finger comprising: a first side having a
vacuum gripper configured to hold a first selected wafer by vacuum suction force; a
second side having a gravity gripper configured to support a second selected wafer
when the gravity gripper is positioned beneath the selected wafer and lifted; and the
at least one finger being rotatable such that the first side or the second side is
selectively positionable against the first selected wafer or the second selected wafer.

[0029] In one case, the vacuum gripper includes a vacuum supply system and
a plurality of pores in communication with the vacuum supply system.

[0030] In another case, the vacuum supply system is configured to receive a
vacuum hose.

[0031] In another case, the gravity gripper includes a flat surface and at least
one raised portion such that a wafer rests against the flat portion and is supported by
the at least one raised portion.

[0032] In another case, the gravity gripper has two raised portions, the two
raised portions positioned on opposite sides of the gravity gripper and oriented at an
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angle to the distal end such that the wafer is positioned with a corner of the wafer

fitting between the two raised portions.

[0033] In another case, the gravity gripper includes a flat surface and at least
two raised portions such that a wafer rests against the flat portion and is supported

by the at least two raised portions.

[0034] In yet another aspect, a method for handling wafers is provided
comprising: unloading wafers from an unload station; transferring the wafers from the
unload station to an intermediate station; transferring the wafers from the
intermediate station to a processing station; treating the wafers; unioading the wafers
from the processing station; and reloading the wafers in a carrier, wherein the wafers
are unloaded, transferred and reloaded by a transfer device.

[0035] In one case, the method further comprises positioning the wafers in the
intermediate station in a back-to-back arrangement such that pairs of wafers are
positioned with their respective upper surfaces in contact.

[0036] In another case, the method further comprises positioning the wafers in
the intermediate station in a back-to-back arrangement such that pairs of wafers are
positioned with their respective lower surfaces in contact.

[0037] In another case, the method further comprises positioning the wafers in
the carrier in individual respective slots, the wafers being aligned with their upper
surfaces oriented upward.

[0038] Other aspects and features will become apparent to those ordinarily
skilled in the art upon review of the following description of specific embodiments in
conjunction with the accompanying figures.

Brief Description of the Drawings

[0039] For a better understanding of the embodiments described herein and to
show more clearly how they may be carried into effect, reference will now be made,
by way of example only, to the accompanying drawings which show the exemplary
embodiments and in which:

[0040] FIG. 1 is a block diagram of an exemplary system for handling wafers;
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[0041] FIGS. 2A and 2B are perspective views of an end effector of a robot for

handling wafers;

[0042] FIGS. 3A and 3B are perspective views of an end effector of a robot for

handling wafers;

[0043] FIGS. 4A, 4B and 4C are views of a pusher for moving wafers to the

end effector;
[0044] FIGS. 5A and 5B are views of an intermediate load station;

[0045] FIGS. 6A and 6B are views of the end effector placing wafers in the

intermediate load station;

[0046] FIGS. 7A, 7B, 7C and 7D are views of the end effector removing BTB

wafers from the intermediate load station;

[0047] FIGS. 8A and 8B are views of the end effector placing wafers in an
edge holding device;

[0048] FIGS. 9A, 9B, 9C, 9D and 9E are views of the edge holding device
placing BTB wafers in a furnace boat;

[0049] FIGS. 10A, 10B, 10C, and 10D are views of the BTB wafers in the
furnace boat;

[0050] FIGS. 11A, 11B, 11C, and 11D are views of an intermediate unload
station and an end effector removing wafers from the intermediate unload station;
and

[0051] FIG. 12 is a flow chart of an exemplary method for handling wafers.
[0052] It will be appreciated that for simplicity and clarity of illustration, where

considered appropriate, reference numerals may be repeated among the figures to
indicate corresponding or analogous elements or steps. In addition, numerous
specific details are set forth in order to provide a thorough understanding of the
exemplary embodiments described herein. However, it will be understood by those
of ordinary skill in the art that the embodiments described herein may be practiced
without these specific details. In other instances, well-known methods, procedures
and components have not been described in detail so as not to obscure the
embodiments described herein. Furthermore, this description is not to be considered
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as limiting the scope of the embodiments described herein in any way, but rather as
merely describing the implementation of the various embodiments described herein.

Detailed Description

[0053] FIG. 1 shows a block diagram of an example system for wafer handling
100 according to an embodiment herein. In this particular embodiment, the wafers
are solar cell wafers having a thickness of approximately 160 micrometers. The
system of FIG. 1 is an overview of a handling process for moving wafers from a
carrier to a diffusion furnace boat and back to the carrier. However, it will be
understood that the systems and methods used in this embodiment may be applied

to other wafer handling situations.

[0054] For movement within the manufacturing environment, the wafers are
typically loaded into a carrier (not shown in FIG. 1). The carrier includes a plurality of
slots into which the wafers are inserted in order to protect the wafers from breakage

during movement.

[0055] In the system of FIG. 1, a transfer device, which may be a robot 105, is
provided to transfer wafers among various stations in the system. Initially, the carrier
arrives at a wafer unload station 110, typically via a conveyor system (not shown)
such as an overhead conveyor or the like. At the wafer unload station 110, the
wafers are removed from the carrier in preparation for transfer to a furnace carrier
(sometimes referred to as a furnace boat). As noted above, in order to increase
throughput efficiency and to allow for treatment of only one side of the solar wafers,
the solar wafers are typically placed back-to-back (BTB) before being processed in a
diffusion furnace. The accurate positioning of the wafers in this BTB arrangement in
the furnace boat at a manufacturing rate presents some difficulties.

[0056] In the present embodiment, the robot 105 first transfers the wafers from
the carrier to an intermediate load station 115 to be placed in the BTB arrangement.
As will be described further below, the intermediate load station 115 allows for
accurate and sensitive BTB placement of the wafers.

[0057] From the intermediate load station 115, the robot 105 moves the BTB

wafers to a boat loading station 120 for placement in the furnace boat. Once the BTB

wafers are loaded in the furnace boat, the furnace boat is moved into a processing
7
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station, which may be a diffusion furnace 125, for treatment. The movement into the
diffusion furnace 125 can be via a conveyor (not shown), servo axis, other robot, or
the like.

[0058] Following processing and treatment in the diffusion furnace 125, the
furnace boat moves to a boat unloading station 130. The robot 105 transfers the BTB
wafers from the boat to an intermediate unload station 135 where the BTB wafers
are separated into single wafers for transfer by the robot to a reload station 140
where the wafers are replaced in the carrier.

[0059] It will be understood that additional robots or stations may be added as
needed for throughput purposes. For example, one robot may be provided to unload
wafers prior to diffusion while another robot may be provided to load wafers following
diffusion. Similarly, in a lower throughput situation, the intermediate load station may
also be used as the intermediate unload station. Still further, the furnace boat load
and unload stations could be the same station, and, in some cases, the load and
unload could take place on the same boat at the same time. This modular use of the
various stations provides manufacturing flexibility to allow the manufacturing line to
be quickly modified to provide higher or lower throughput depending on need.

[0060] The following paragraphs outline further details of the robot and each
station and the processes that occur at each station. It will be understood that the
specific embodiments herein are for reference only and that other embodiments may
be available.

[0061] The robot in this embodiment includes a multiaxis arm (not shown) that
is equipped with an end effector 200 (sometimes referred to as an end of arm tool
(EOAT)). FIGS. 2A, 2B, 3A and 3B show perspective views of the end effector 200
of the robot 105. The end effector includes a plurality of plates 205 (sometimes
called fingers). In FIGS. 2 and 3, only three plates are shown but the end effector
200 will typically have as many plates as required to move a predetermined quantity
of the wafers from the carrier. One side of the plates is provided with a vacuum
gripping system 210 (shown in FIGS. 2A and 2B, sometimes called a vacuum
gripper) while the other side is provided with a gravity gripping system 215 (shown in
FIGS. 3A and 3B, sometimes called a gravity gripper) comprised of a generally flat
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surface with mechanical stops 220 at an end thereof that are used to support the

wafers when in a BTB arrangement.

[0062] As shown in FIGS. 2A and 2B, the vacuum gripper is provided at a
distal end of each plate and includes a vacuum supply system and a plurality of
pores in communication with the vacuum supply system. The vacuum supply system
is configured such that a vacuum hose (not shown) can be attached to the end
effector and used to form a vacuum at the plurality of pores to attract the wafers and
hold them against the flat plate. FIG. 2B shows the vacuum gripper with wafers 230

gripped.

[0063] As shown in FIG. 3A, the gravity gripper 215 includes the flat surface
217 of the plate and two raised portions (mechanical stops 220) provided at a distal
end of each plate. The plate can be inserted between wafers and moved such that
the flat surface is placed against the wafer and the raised portions are outside the
edge of the wafer (e.g. below if the wafer is vertically oriented) such that when the
plate is moved, the wafers rest against the flat portion and are supported (e.g
vertically if the wafer is positioned vertically, 45 degrees if the wafer is at 45 degrees,
horizontally if the wafer is horizontal, etc) by the raised portions, as shown in FIG.
3B. In this embodiment, the raised portions are at an angle in relation to the distal
end of the plate and configured to support the wafers in an angled orientation with a
corner of the wafer fitting between the raised portions. FIG 3A illustrates the use of
two raised portions but it will be understood that more than two raised portions or
mechanical stops could be adapted and used to support the wafers.

[0064] It will be understood that other arrangements for the vacuum gripper
and the gravity gripper may be available without departing from the scope of
embodiments in this application. In this particular embodiment, the vacuum gripper
and gravity gripper are opposite sides of the same physical end effector but this is
not necessarily the case.

[0065] As described briefly above, at the wafer unload station, the carriers
filled with wafers are removed from the conveyor system. In this embodiment, the
carrier is positioned vertically such that the wafers are arranged horizontally. The
carriers typically carry one hundred wafers per carrier with the wafers all oriented
such that the process side (sometimes referred to as the “sunny side”) is in one
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direction. In one particular embodiment, the carrier may be positioned such that the
wafers are “sunny side down”, i.e. the sunny side is facing down.

[0066] Although not illustrated, it will be understood that the wafer unload
station may include a buffering system to allow for several carriers to be held in
place at the wafer unload station, as required. Similarly, the wafer unload station
may also include a mechanism for rotating the carrier into an appropriate position if
the carrier is in a different position on arrival. Still further, conventional manufacturing
information gathering such as RF ID tags, barcodes or the like may be used to track
the carrier. For example, an RF ID tag or other identifying information can be read
from the carrier at this location. It will be understood that the carriers may also arrive
by means other than conveyor, such as manually by an operator, or another
transport system or the like.

[0067] As the wafers are often placed in the carriers with a small distance
between each wafer (“pitch”), the wafer unload station may include a pusher unit
235, such as that shown in FIG. 4A, that will push a plurality of wafers forward from
the carrier 240 for easier access by the robot, as shown in FIG. 4B. In a particular
case, the pusher unit may push every second wafer in the carrier 240 forward for
access by the vacuum gripper 210 of the end effector 200 of the robot 105.

[0068] In removing the wafers 230 from the carrier 240, as illustrated in FIG.
4C, the robot 105 inserts the plates of the end effector 200 between the wafers 230
that have been pushed forward such that each vacuum gripper 210 engages with an
individual wafer. The plates 205 are only inserted far enough to engage the vacuum
gripper and do not impact the wafers that are remaining in the carrier. Once the
wafers 230 are held by the vacuum gripper 210, the robot 105 slides the wafers out

of the carrier and moves them to the intermediate load station.

[0069] FIG. 5A is a perspective view of the intermediate load station 115
holding a plurality of wafers 230. The intermediate load station includes a plurality of
slots 245 for receiving wafers. Each slot is angled such that, as a wafer is inserted,
the wafer is aligned by gravity to mechanical stops in the slots. In one particular
example, the angle is approximately 45 degrees. In other embodiments, the angle
may be between 30 and 60 degrees or some other appropriate angle that will allow
the appropriate alignment of the wafers. FIG. 5B is a top sectional view of the

10
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intermediate load station showing a wafer in a slot. In this embodiment, each slot is
provided with stops each side to support the inserted wafers. In some embodiments,
the wafers may be rectangular-shaped and the intermediate station may be further

configured to receive a corner of the wafers.

[0070] In operation, the robot uses the vacuum gripper to move half of the
wafers (the sunny side down wafers) from the carrier to the intermediate load station
as shown in FIG. 6A. The robot then returns and grips the remaining wafers with the
vacuum gripper, rotates the wafers to a sunny side up position and, as shown in FIG.
6B, places the sunny side up wafers on top of the sunny side down wafers to make
the BTB arrangement in the intermediate load station. As shown in FIGS. 6A and
6B, the end effector places the wafers in the intermediate carrier at a forty-five
degree rotation to ease entry and exit and allow for better alignment for the BTB

arrangement.

[0071] The use of an angled intermediate load station is believed to reduce
wastage which can be caused by the forces involved in placing wafers directly into a
vertical orientation in the furnace boat or the like. Further, as the second wafer of the
BTB formation is added to the intermediate station, it can be accurately positioned in
relation to the originally placed wafer by gravity acting on the wafer, without the need
for complex comb-like structures or the like to attempt to force alignment.

[0072] After the unprocessed wafers have been unloaded from the carrier, the
carrier can be advanced to the reload station or may be held in a buffer conveyor
area while waiting for reload. The RF tags on the carrier may be rewritten with new

information to indicate that the carrier is now empty.

[0073] FIG. 7A shows a perspective view of the intermediate load station and
the end effector preparing to move the BTB wafers to the boat load station 120. FIG.
7A shows the orientation of the end effector when entering the intermediate load
station to pick up the BTB wafers.

[0074] As shown in FIG. 7A, when moving the wafers from the intermediate
load station, the end effector rotates such that the mechanical stops 220 are oriented
upwards and the end effector enters the intermediate load station along a centre line
(from corner to corner) of the wafers. The end effector slides between each pair of
BTB wafers and, as shown in FIGS. 7B, 7C and 7D, engages such that the BTB

11
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wafers are supported by the gravity gripper, that is, supported on the flat surface of
the plate and the mechanical stops 220 support a lower edge of the BTB wafers. The
mechanical stops and the angled nature of the wafers further assist with alignment of

the two BTB wafers.

[0075] FIGs. 8A and 8B show simplified perspective views of the end effector
placing the BTB wafers into a preload edge holding device 255 at the diffusion
furnace boat loading station. In FIG. 8A, the BTB wafers are being supported by the
gravity gripper 215 (that is, the plates and the mechanical stops on the plates) by
having the end effector remain at a slight angle to the vertical. In FIG. 8B the wafers
are placed by the end effector in the edge holding device, which has a plurality of
slots on each side for supporting the BTB wafers. As shown in FIGs 8A and 8B, the
edge holding device 255 is positioned over the furnace boat and is configured to
operate such that it can raise or lower a subset of BTB wafers depending on the
needs of the application. For example, the edge holding device may include a
mechanical system that engages select slots for supporting select BTB wafers that
are to be raised or lowered relative to the furnace boat.

[0076] FIGs. 9A to 9E illustrate the boat loading station and procedure for
loading the furnace boat. The edge holding device 255 is positioned above the
furnace boat and, after receiving the BTB wafers (FIG. 9A), lowers the BTB wafers
into the furnace boat 265 (see FIGS. 9B to 9D). As shown in FIG. 9E, the edge
holding device can continue to lower and release the BTB wafers at the furnace
boat. The use of the edge holding device, which is accurately positioned relative to
the furnace boat, allows for accurate positioning of the BTB wafers in the boat with
less risk of breakage or the like than might be the case if an end effector were to be
used to place the wafers in the furnace boat directly.

[0077] As shown in FIGS. 10A to 10D, the BTB wafers are supported on rails
270 in the furnace boat 265. Each rail 270 is provided with simple slots to
accommodate a set of BTB wafers. FIG. 10D illustrates that the sets of BTB wafers
are slightly angled to assist with maintaining alignment.

[0078] Following loading, the furnace boat is transferred to a diffusion furnace,
where the wafers are treated.

12
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[0079] Following the treatment, the furnace boat moves to the boat unloading
station where the edge holding device generally executes a reverse operation to that
shown in FIGs. 9A to 9E. In particular, the edge holding device 255 raises from
below the furnace boat, engages with the treated BTB wafers 230 and raises the
BTB wafers out of the furnace boat. The end effector of the robot then engages the
treated BTB wafers using the gravity gripper (flat plate and mechanical stops), lifting
the BTB wafers out of the edge holding device in a manner similar to FIGS. 8A and
8B, and moving them to the intermediate unload station, in a manner similar to FIGS.
7A to 7D.

[0080] The intermediate unload station is shown in FIG. 11A and is similar to
the intermediate load station but includes a wafer separation mechanism that is used
to separate the BTB wafers. FIG. 11B shows the slots 275 in the intermediate unload
station in more detail. Each slot includes a slot plate for supporting the BTB wafers
when first placed in the intermediate unload station. Each slot also includes a
vacuum element 280 that is configured to lift the upper wafer of the BTB wafers
away from the lower wafer so that the wafers can be separated. In this embodiment,
the vacuum element 280 is provided on an arm 285 that extends over the upper
wafer and that is movable to come into contact with the upper wafer such that a

vacuum opening can provide suction and lift the upper wafer as shown in FIG. 11B.

[0081] Once the wafers have been separated, the end effector then rotates
such that the vacuum gripper is inserted adjacent the lower wafers. The end effector
200 uses the vacuum gripper 210 to engage the lower wafers (a first group of
wafers) as shown in FIG. 11C and 11D and move the gripped wafers 230 to the
carrier, which is at the reload station. In this particular embodiment, the carrier may
be positioned horizontally so that the wafers can be inserted vertically. The vacuum
gripper is then used to engage the remaining wafers and rotate them for insertion in
the carrier such that all wafers are in the same orientation, for example, “sunny side”

up.

[0082] The carrier can then be moved from the reload station onto a conveyor
or the like to be moved for further processing.

[0083] FIG. 12 shows a flow chart of an example method for wafer handling
300 according to an embodiment herein. In this particular embodiment, the wafers
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are first unloaded 305 from a carrier at an unload station. The carrier may arrive at
the unload station by way of conveyor system or by another transportation system.
The transfer device or robot may unload the wafers as described above. Once
unloaded from the carrier the wafers are removed and transferred to an intermediate
station 310, where they may be placed in a back-to-back arrangement. This back-to-

back arrangement is described in detail above.

[0084] The wafers are further transferred to a processing station 315 from the
intermediate station by a transfer device. At the processing station the BTB wafers
may be loaded into a furnace boat or other carrier that is designed to be moved into
a diffusion furnace. An edge holding device may complete the loading of the furnace

boat. The diffusion furnace then treats the wafers 320.

[0085] Once treated 320 the wafers may then be unloaded from the furnace
boat of the processing station 325 to a second intermediate station. It will be
understood that this second intermediate station may actually be the same
intermediate station if there is lower throughput and only one intermediate station is
required. If there is higher throughput multiple intermediation stations and transfer

devices may be used.

[0086] The BTB wafers may now be separated into single wafers and
reloaded into the carrier (330) or a separate carrier.

[0087] It will be understood that other arrangements and embodiments will be
apparent to those skilled in the art based on the disclosure of the above
embodiments. For example, the robot described herein is a multiaxis robot but could

be replaced by a plurality of robots having fewer axes.

[0088] It will also be understood that although solar wafers are described, the
method, system and apparatus would handle other wafers and should not be
considered limited to wither solar cell wafers or silicon wafers.

[0089] It should be understood that various modifications can be made to the
exemplary embodiments described and illustrated herein, without departing from the
general scope of the appended claims. In particular, it should be understood that
while the embodiments have been described for solar cell wafers, the embodiments
are generally applicable to wafer handling.

14
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[0090] Although this disclosure has described and illustrated certain
embodiments of the invention, it is also to be understood that the system, apparatus
and method described is not restricted to these particular embodiments. Rather, it is
understood that all embodiments which are functional or mechanical equivalents of

5 the specific embodiments and features that have been described and illustrated
herein are included.

[0091] It will be understood that, although various features have been

described with respect to one or another of the embodiments of the invention, the

various features and embodiments may be combined or used in conjunction with
10 other features and embodiments as described and illustrated herein.
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What is claimed is:

1. A system for handling a plurality of wafers, the wafers having a generally

10

15

20

25

planar upper surface and a generally planar lower surface, the system

comprising:
at least one unload station;

at least one intermediate station having a front end and a back end, the at
least one intermediate station configured to hold the wafers with a plane of

the wafers positioned at an angle to a horizontal plane; and

a transfer device configured to transport the wafers between the unload
station and the intermediate station.

. The system according to claim 1, wherein the transfer device is provided with

a vacuum gripper and a gravity gripper.

. The system according to claim 1, wherein the at least one intermediate station

comprises a plurality of slots, each slot provided with a rear stop configured to
support a wafer.

. The system according to claim 1, wherein the angle is downwardly from the

front end to the back end.

. The system according to claim 4, wherein the angle is between 30 and 60

degrees.

. The system according to claim 4, wherein the angle is 45 degrees.

. The system according to claim 1, wherein the at least one intermediate station

has at least one slot configured to receive a first one of the plurality of wafers
and a second one of the plurality of wafers in a back-to-back arrangement
whereby the first wafer is inserted into the at least one slot, and the second
wafer is inserted into the at least one slot on top of the first wafer with the
respective upper surfaces of the first and second wafers in contact.

. The system according to claim 7, wherein the at least one intermediate station

includes a vacuum element designed to lift the second wafer in the back-to-
back arrangement.
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9.

The system according to claim 7, wherein the transfer device is configured to
remove wafers in the back-to-back arrangement from the at least one
intermediate station and place the wafers into an edge holding device for

loading into a processing carrier.

10. The system according to claim 1, wherein the at least one intermediate station

11

has at least one slot configured to receive a first one of the plurality of wafers
and a second one of the plurality of wafers in a back-to-back arrangement
whereby the first wafer is inserted into the at least one slot, and the second
wafer is inserted into the at least one slot on top of the first wafer with the
respective lower surfaces of the first and second wafers in contact.

.The system according to claim 10, wherein the at least one intermediate

station includes a vacuum element designed to lift the second wafer in the
back-to-back arrangement.

12.The system according to claim 11, wherein the transfer device is configured to

remove wafers in the back-to-back arrangement from the at least one
intermediate station and place the wafers into an edge holding device for

loading into a processing carrier.

13.The system according to claim 1, wherein the system further comprises a

processing station, the processing station is configured to accept a processing
carrier loaded with the plurality of wafers, wherein the carrier is moved to a
furnace for processing.

14.An apparatus for handling wafers comprising at least one finger, the at least

one finger comprising:
a first side having a vacuum gripper configured to hold a first selected

wafer by vacuum suction force;

a second side having a gravity gripper configured to support a second
selected wafer when the gravity gripper is positioned beneath the selected
wafer and lifted; and

the at least one finger being rotatable such that the first side or the second
side is selectively positionable against the first selected wafer or the
second selected wafer.
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15.The apparatus according to claim 14, wherein the vacuum gripper includes a
vacuum supply system and a plurality of pores in communication with the

vacuum supply system.

16.The apparatus according to claim 15, wherein the vacuum supply system is

configured to receive a vacuum hose.

17.The apparatus according to claim 14, wherein the gravity gripper includes a
flat surface and at least one raised portion such that a wafer rests against the

flat portion and is supported by the at least one raised portion.

18.The apparatus according to claim 18, wherein the gravity gripper has two
raised portions, the two raised portions positioned on opposite sides of the
gravity gripper and oriented at an angle to the distal end such that the wafer is
positioned with a corner of the wafer fitting between the two raised portions.

19.The apparatus according to claim 14, wherein the gravity gripper includes a
flat surface and at least two raised portions such that a wafer rests against the
flat portion and is supported by the at least two raised portions.

20. A method for handling wafers:
unloading wafers from an unload station;

transferring the wafers from the unload station to an intermediate
station;

transferring the wafers from the intermediate station to a processing
station;

treating the wafers;
unloading the wafers from the processing station; and

reloading the wafers in a carrier, wherein the wafers are unloaded,

transferred and reloaded by a transfer device.

21.The method according to claim 20, further comprising positioning the wafers
in the intermediate station in a back-to-back arrangement such that pairs of
wafers are positioned with their respective upper surfaces in contact.

18
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22.The method according to claim 20, further comprising positioning the wafers
in the intermediate station in a back-to-back arrangement such that pairs of
wafers are positioned with their respective lower surfaces in contact.

23. The method according to claim 21, further comprising positioning the wafers
in the carrier in individual respective slots, the wafers being aligned with their
upper surfaces oriented upward.

24.The method according to claim 22, further comprising positioning the wafers
in the carrier in individual respective slots, the wafers being aligned with their
upper surfaces oriented upward.
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