
Method and device for separation of silicon wafers
Technical field The present invention relates to a
method and a device for separation of silicon wafers
from a horizontal stack of silicon wafers. In the
present application the term horizontal refers to a
stack where the stacking direction for the wafers is
horizontal, i.e. the surface of the wafers is located
in a substantially vertical plane. Prior art In the
production of silicon wafers for use in solar cells,
silicon ingots are cut up into thin wafers. As a rule
the ingots are sawed up into wafers in a parallel
manner and in a liquid-cooled sawing process, and as a
result of this and subsequent processes the product
consists of a stack of moist, thin silicon wafers. In
the subsequent process each individual wafer is to be
treated individually. The separation of each
individual wafer from the stack is currently conducted
as a manual operation, where an operator lifts/pulls
the outermost wafers from the stack and places them in
a cassette or in turn on an assembly line for
transport to the next processing stage. This process
is not without its problems. The wafers are held
together by a force which is determined by cohesive,
adhesive and viscous properties in the medium between
the wafers as well as the roughness in the surface of
the wafers. Furthermore, the separation is a
work-intensive operation, and at the same time there
are limits to the speed at which it can be performed.
The manual operation results in a large proportion of
the wafers being damaged during the operation. In the
solar cell industry there is a need to reduce the
thickness of the wafers, lOOmm - 200mm, with the
result that the requirement for extremely careful
handling becomes even more important. In the
publication WO 2004/051735 a device is disclosed for
separation of silicon wafers from vertical stacks. The
wafers are lying in a horizontal plane and are moved
in this plane. A transport device is employed here
which lifts the top silicon wafer in a vertical stack
away from the stack while a fluid is blown in between
the top silicon wafer and the second top silicon wafer
in order to help them to be separated from each other.
A disadvantage of this technique is that there is
still a great risk of damage during the separation of
the silicon wafers. The transport device comprises
means for attachment to the wafer, which means exert
pressure on single points in the wafer. Together with
the fluid blown from the sides, this pressure is
intended to surmount the capillary forces between the
wafers. The 



pressure may therefore cause deformation of the wafer
and at worst cause it tobreak. The publication shows
how this problem is solved by the transport device
also including parts which hold the wafer back and
avoid folding thereof. DE 102005016518 discloses an
apparatus for detaching wafers from a carrier system
and for singularization of a horizontal stack. As
described herein, the carrier system is a sheet
(usually of glass) which is used to secure the silicon
(with glue) during the sawing process. This glass
sheet and the glue have to be removed afterwards in
order to perform the singularization. The publication
describes a chisel used to strike into the glass sheet
under the outermost wafer, causing it to loosen,
together with glue and glass remnants. What can
happen, however, is that it immediately sticks to the
adjacent wafer, resulting in failure to achieve
singularization. The above publications refer to
handling of wafers for the electronics industry. These
wafers have better mechanical characteristics and can
withstand relatively great mechanical loading, due
amongst other things to the fact that they are
relatively thick (300-400 mm). Solar cell wafers on
the other hand are extremely fragile and weak and
require gentler treatment. The present invention is
intended amongst other things to be capable of
performing singularization for these wafers. The
invention, however, can also be employed for
singularization of wafers with thicknesses different
to those of the solar cell wafers (e.g. 200-400 mm).
The object of the present invention is to provide a
method and device for improving separation of silicon
wafers, i.e. for separating the silicon wafers more
efficiently, and where the proportion of damaged
silicon wafers is reduced or nullified. Summary of the
invention The invention comprises a method for
separation of a silicon wafer from a horizontal stack
of silicon wafers. The method is characterised in that
it comprises the following steps: a) attaching a
movable transport device to a surface in the outermost
silicon wafer in the stack and b) moving the silicon
wafer in a substantially vertical plane until the
silicon wafer is separated from the stack. The silicon
wafers separated by means of the method and the device
according to the invention are, for example, wafers
for production of solar cells. Such wafers are thin
(100mm-200mm), and the handling thereof is
particularly critical. The term "stack" refers to the
product obtained after sawing and dissolution of the
adhesive layer, or after removal of the adhesive layer
in another way. The forces holding the wafers together
in a stack are a combination of adhesive, cohesive,
viscous and mechanical forces (the adhesive and
cohesive forces constitute the socalled 



capillary forces).In the illustrated embodiments of
the invention the movement of the wafer in the
vertical plane will take place substantially upwards,
i.e. in the direction opposite to the force of
gravity, thereby achieving a controlled movement of
the wafers. Several directions can be defined in the
vertical plane, thereby making it possible to define
several variants of the invention, where, for example,
the wafer is moved in a horizontal, vertical or curved
path in the vertical plane. The expression "in a
substantially vertical plane" refers to a movement
which does not include tilting movements (such as
those which occur when a wafer which is still attached
to an ingot at one end is separated therefrom).
Tilting movements will cause internal mechanical
stresses in the wafers which may lead to their
destruction. The invention provides a vertical
movement of the wafer until it is separated from the
stack, i.e. until the wafers' surfaces are no longer
located opposite one another. Thus the method
according to the invention may, for example, comprise
as a part of step b) movement upwards substantially
along a vertical (this embodiment will be illustrated
in the drawings), a horizontal, a slanting or a curved
path. The lastmentioned embodiment will be illustrated
in the drawings. In a variant of the method the curved
path is provided by means of a wheel to which the
wafers are attached with the result that the movement
is performed along a curved part of a circular path.
With large wheels the path of movement will approach
the horizontal. In an embodiment the method according
to the invention is conducted completely or partly
submerged in a liquid-filled vessel. In an embodiment
the method comprises spraying a liquid or fluid on to
the silicon wafer. This step has several variants with
different functions. In one variant liquid is sprayed
in a vertical downwardly directed jet. The object of
this is to hold back the wafer second from the front
while the front wafer is moved away from the stack. In
aother variant liquid spraying is used to separate the
front wafers so that they remain located in a stable
position with a spacing of between 200 and 2000
micrometers. This last variant helps to make the
separation less sensitive to thickness variations in
the wafer. Providing spacing between the front wafers,
moreover, permits water to flow over the whole wafer
surface and the surface of the wafers is cleaned by
water and/or chemicals suited to the purpose. Another
function of liquid spraying is to remove any gas
bubbles in the water, thereby reducing the capillary
forces between the wafers. In this case the spacing
between the wafers will be so great that viscous
counterforces can be ignored. In another embodiment
the method comprises prevention of simultaneous 



movement of the remaining silicon wafer or wafers in
the stack by means of a blocking device.In an
embodiment the method comprises the following step
after step b): cl) removing the wafers from the
transport device. This may be carried out by means of
a movement of the wafer or the transport device along
a direction perpendicular to the wafer's (and the
transport device's) plane, for example by means of air
which is blown from the transport device on to the
wafer or by means of a fluid passed from the transport
device to the wafer. The removal may also be
implemented by a relative movement between the
transport device and the wafer along the plane of the
wafer, or by a combination thereof. In another
embodiment the method comprises the following steps
after step b): c2) moving the stack towards the
transport device a distance corresponding to the
thickness of the silicon wafer and d) repetition of
steps a) b) for separation of the next silicon wafer
from the stack. Steps cl) and c2) may be conducted
simultaneously or in succession, where it is possible
to begin with cl) or with c2). The liquid may, for
example, be water deionised water or water with
additives for reducing the viscosity and/or surface
tensions in order to facilitate the separation of the
silicon wafer from the stack. The liquid may be
tempered, i.e. it may have a temperature of between
10-70C, preferably 30-60C and even more preferred 5O
C. There are a great many substances on the market for
reducing the capillary forces and the viscosity in the
water. Heated water reduces both the surface tensions
and the viscosity. The invention also comprises a
device for separation of a silicon wafer from a
horizontal stack of silicon wafers. The device is
characterised in that it comprises a movable transport
device for attaching to a surface of the outermost
silicon wafer in the stack, where the movable
transport device is arranged for movement of the
silicon wafer in a substantially vertical plane until
the silicon wafer is separated from the stack. In an
embodiment the device comprises an apparatus for
moving the outermost wafer substantially along a
vertical, horizontal, slanting or curved path in the
vertical plane. An example of the last-mentioned
alternative comprises a wheel to which the outermost
wafer is attached. In another embodiment the device
comprises a liquid-filled vessel wherein the stack is
completely or partly submerged. In an embodiment the
device comprises one or more nozzles for spraying a
liquid or 



fluid on to the silicon wafer in order to counteract
the binding forces between the silicon wafer attached
to the transport device and the adjacent silicon
wafer.In another embodiment the device comprises a
blocking device for preventing simultaneous movement
of the underlying silicon wafer or wafers in the
stack. In another embodiment the device comprises
means for removing the wafers from the transport
device. In another embodiment the device comprises
means for moving the stack towards the transport
device a distance corresponding to the thickness of
the silicon wafer, thereby permitting separation of
the next silicon wafer from the stack by means of the
transport device. Even though individual features of
the invention have been described in connection with
different embodiments and variants thereof, it will be
obvious to a person skilled in the art that
combinations thereof also fall within the scope of the
patent claims. Detailed description The present
invention will now be described in detail with
reference to the attached drawing which schematically
illustrates an embodiment of the invention. Figure 1
is a view of a first embodiment of the invention.
Figure 2 is a view from in front of a second
embodiment of the invention. Figure 3 is a detail of
the wheel in the second embodiment of the invention.
Figure 4 is a view from above of the second embodiment
of the invention. Figure 5 is a view from below of a
part of the second embodiment. Figure 1 illustrates a
device 1 according to the invention for separation of
a silicon wafer from a horizontal stack 10 where a
plurality of silicon wafers 12 are arranged in a
vertical position in a liquid-filled vessel 5. By
vertical position we mean that each wafer in the stack
is lying vertically, while the actual stack is
horizontal. The device 1 comprises a transport device
2 which in this embodiment of the invention has one or
more suction devices 110 capable of adhering to the
surface of the outermost silicon wafer 12 together
with means (not shown) for moving the transport device
2 horizontally and vertically towards the outermost
wafer and subsequently pushing the silicon wafer 12 in
a substantially vertical plane and in a vertical
direction (arrow A) from the stack 10 to a conveyor
belt 14 where the silicon wafer 12 is then deposited
and released from the suction devices. The said means
(not shown) for moving the transport device 2 comprise
a horizontal and vertical servo-controlled pick-up and
delivery unit. In an embodiment of the invention the
transport device 2 comprises five suction devices 110
placed in thecorners and in the middle of the wafer.
The horizontal movement comprises moving 



towards the outermost wafer 12. The vertical movement
comprises placing the suction devices 110 opposite the
wafer and then moving parallel to the surface of the
wafer. Alternatively the stack may be moved
horizontally step by step and the suction devices can
return to a fixed point. The suction devices 110 are
arranged so as to exert a pushing force on the whole
of the wafer's surface, this pushing force being
approximately equal for all parts of the wafer. This
can be controlled by choosing the correct number and
position of the suction devices, which is easily done
since the whole of the wafer's surface is available
for placing suction devices. The position of the wafer
is thereby under control during the entire separation
operation by means of the suction devices. In the
embodiments of the invention where the stack is
submerged in water, a hydraulic (water-based) suction
device is employed. In such cases almost no capillary
forces are produced, thereby avoiding the use of the
blocking device. The device 1 may further comprise one
or more nozzles 3 for spraying a liquid or a fluid on
to the stack 10. The liquid is preferably water, or
alternatively water with added means for reduction of
viscosity and/or surface tensions and thereby the
above-mentioned forces binding the silicon wafers 12
together. The water nozzles 3 are designed to give a
flat water jet. In other embodiments the nozzles 3 are
integrated in a blocking device 4. In an embodiment of
the invention the number of nozzles is two, while
other embodiments may have up to six nozzles. In
another embodiment the device 1 comprises a blocking
device 4, whose function is to prevent simultaneous
movement of the adjacent silicon wafer or wafers in
the stack. The blocking device 4 is usually a straight
plate which may be 2-10mm wide. Both the nozzles 3 and
the blocking device 4 may be movable along the stack
10. The nozzle 3 may also be rotatable, thus
permitting the angle of the spraying of liquid on to
the stack 10 to vary during the separation process.
The function of the device 1 will now be described in
greater detail. The designation 12a is used for the
outermost silicon wafer at one end of the stack 10.
The silicon wafer 12a is therefore the silicon wafer
which has to be separated from the stack 10. The stack
10 is placed horizontally in the device 1. The stack
is preferably submerged in water. After the transport
device 2 has been placed in the correct position in
front of the wafer 12a, the suction devices 110 are
attached to the surface of the silicon wafer 12a.The
transport device attached to the silicon wafer 12a is
moved by means of the invention vertically away from
the stack 10 and on to a next operation, for example 



via a conveyor belt 14. The wafers are delivered to
the conveyor belt, for example by increasing the
pneumatic or hydraulic pressure in the suction
devices. As already mentioned, the vertical movement
results in an extremely careful and controlled
handling of the silicon wafer 12a. The risk of
destruction of the silicon wafer 12a during this
operation is consequently substantially reduced. In an
embodiment of the invention (not shown) the nozzles 3
are omitted. Separation of the wafers in this case is
essentially accomplished by the pushing movement. As
mentioned earlier, in some embodiments of the
invention a blocking device 4 is provided in the
immediate vicinity of the stack 10 during the above
moving operation, where the blocking device prevents
simultaneous movement of the adjacent silicon wafer or
wafers in the stack, thereby ensuring that only
silicon wafer 12a is moved during the moving
operation. In order to permit the next silicon wafer
in the stack 10 to be separated, either a movement of
the stack 10 is undertaken towards the transport
device 2, the nozzles 3 and the blocking device 4 by
means of the above-mentioned transport device, or
alternatively a movement of the transport device 2,
the nozzles 3 and the blocking device 4 towards the
next silicon wafer. Thereupon the above-mentioned
separation process is repeated. Figure 2 is a view
from in front of a second embodiment of the invention.
In this version of the invention the transport device
is arranged to move the front wafer 12a in the stack
10 in a curved path. The device comprises a wheel 20
made, for example, of aluminium and with areas 22 for
temporary attachment of the wafers 12. The wheel 20
also comprises grooves 2 1 for receiving rods 5 1 and
52 (see figure 5). The wheel 20 is partly submerged in
water in a liquid-filled vessel 5. Figure 3
illustrates a detail of the attachment areas 22 in the
wheel 20 and the grooves where the said rods are to be
located. The areas comprise openings 3 1 and grooves
30 whose purpose is to distribute a suction force on
the openings 30. The openings 31 exert a suction force
during pick-up of a wafer from the stack and a pushing
force during removal of the wafer from the wheel. In
this embodiment of the invention the surface of the
wheel 20 is substantially flat and smooth, with the
result that the capillary forces are sufficient to
hold a wafer on the wheel even though the suction
force ceases.Figure 4 illustrates the second
embodiment of the invention viewed from above. In this
embodiment it can be seen that the wheel 20 has a
substantially vertical 



position. The device comprises a mechanism 40 for
moving the stack 10 towards the wheel 20, thereby
ensuring a minimal distance between the front wafer
12a and the wheel 20. The mechanism comprises a
container containing two rods 5 1 and 52 (illustrated
in figure 5) for supporting the stack 10. The rods are
arranged to be inserted in the grooves without being
in physical contact with the wheel. The wafers are
thereby held in place from below even when they have
come into contact with the wheel 20. The device
further comprises a suction mechanism 4 1 with a
suction manifold located close to the rear of the
wheel 20, creating a negative pressure in the water
phase and a blowing mechanism 42. In this embodiment
of the invention the suction and blowing mechanisms
(41 and 42 respectively) have a fixed position and the
device comprises coupling devices for connecting the
areas 22 in the wheel to the suction and blowing
mechanisms at specific locations. These locations are
in the area in front of the stack for the suction
mechanism and the area in front of the conveyor belt
14 for the blowing mechanism. During use wheel 20 will
rotate in a substantially vertical plane. When an
attachment area 22 is located in front of the front
wafer in the stack 12a, the said attachment area will
be connected to the suction mechanism 4 1 and a
suction force will be exerted. This part of the method
takes place under water in the present embodiment of
the invention. The capillary forces between the wafers
are therefore low and the challenge is to keep control
of the wafer's position during the whole separation
process. The wafer is located in a container
containing the rods 5 1 and 52, the stack is moved
forwards by not shown mechanisms, and the second front
wafer is restrained by a blocking device which in this
embodiment comprises a nozzle with a downwardly
directed (vertical or slanting) water jet. As
mentioned earlier, it will be possible to flush the
front wafer with water in order to keep a distance
between the wafers and also a vertical position for
the wafers. The outermost wafer 12a in the stack is
then pulled towards the wheel 20. The wheel will
continue in its rotating motion, while at the same
time being transported up from the vessel and away
from the suction mechanism 41, and the attachment area
will stop exerting the suction force. The wafer 12a
will no longer be secured against the wheel 20 by the
suction force but by the capillary forces. The
capillary forces are strong enough for this task on
account of the size of the contact surface. When the
attachment area 22 with the wafer 12a attached reaches
the area of the belt 14, the blowing mechanism will
cause air (or liquid) to be blown out of the 



openings 31 in order thereby to balance the capillary
forces and remove the wafer from the wheel 20. The
blow-off may be performed by means of water, air or
acombination thereof. Subsequently (or simultaneously)
the wafer will be able to be tilted into a horizontal
position on the belt 14 or lifted off by a pick-up
unit suited to the purpose, for example suction cups,
and placed on a belt for further processing. This
ensures that the wafer is treated gently on reception
(the blowing forces are slightly greater than the
capillary forces and the wafer comes off by itself) or
on pull-off of the wafer (the capillary forces are
slightly greater than the blowing forces) with one or
more suction devices. In the blow-off phase a new
pull-off (suction) of the next wafer is carried out
under water. A counter (which, e.g., is controlled by
a photocell) issues a timing signal for the stack to
be moved forward automatically. The stack 10 is pushed
forward by a length corresponding to a wafer
thickness, or alternatively pushed forward the number
of cycles since the last pulloff. The process
continues until the stack is empty. After
reception/pull-off in front of the blowing manifold,
the wafer is further transported along a conveyor
track/belt for further processing. Even though the
figure shows the wheel 20 semi-submerged in water, it
is also possible to carry out the process with the
wheel completely submerged. In this case the device
should be modified so that the wafers are held against
the wheel by means of suction until they are pushed
off the wheel. Figure 5 is a view from below of a part
of the second embodiment. The figure shows the wheel
20, the suction mechanism 4 1 and the blowing
mechanism 42. The figure also shows rods 5 1 and 52
which hold the stack 10 from below. The rods 5 1 and
52 may be connected to a conveyor belt (not shown)
which transports the wafers towards the wheel 40. The
invention therefore permits a simple, fast and careful
singularization of the wafers. Even though features of
the invention have been explained in connection with
individual embodiments, it is possible to provide
other combinations without departing from the scope of
the invention. It is possible, for example, to employ
suction manifolds and blowing devices in the
embodiment illustrated in figure 1, and it is also
possible to employ suction cups in a transport device
as illustrated in figure 2 when the latter is not
under water.CLAIMS 1. A method for separation of a
silicon wafer from a horizontal stack of silicon
wafers, characterised in that the method comprises the
following steps: a) attaching a movable transport
device (2) to a surface of the outermost silicon 



wafer (12a) in the stack (10), b) moving the silicon
wafer (12a) in a substantially vertical plane until
the silicon wafer (12a) is separated from the stack
(10). 2. A method according to claim 1, characterised
in that it comprises movement upwards along a
substantially vertical path, a substantially
horizontal path, a slanting path or a curved path. 3.
A method according to claim 1, characterised in that
it comprises spraying a liquid or fluid on to the
silicon wafer (12a) in order to separate it, thereby
counteracting the binding forces between the silicon
wafer (12a) attached to the transport device and the
adjacent silicon wafer. 4. A method according to claim
I characterised in that it comprises prevention of
simultaneous movement of the adjacent silicon wafer or
wafers in the stack by means of a blocking device (4).
5. A method according to claim I 5 characterised in
that it has the following step after step b): cl)
removing the wafers from the transport device. 6. A
method according to claim 1, characterised in that the
method comprises the following steps after step b):
c2) moving the stack (10) towards the transport device
(2) a distance corresponding to the thickness of the
silicon wafer (12a); d) repetition of steps a) - b)
for separation of the next silicon wafer from the
stack. 7. A method according to claim I characterised
by implementation of the method completely or partly
submerged in a liquid-filled vessel (5). 8. A method
according to claim 7, characterised in that the liquid
is water, or water with additives for reducing the
viscosity and/or surface tensions in order to
facilitate the separation of the silicon wafer from
the stack. 9. A method according to claim 7,
characterised in that the liquid has a temperature of
between 10-70C, preferably 30-60 C and even more
preferred 50C.10. A device (1) for separation of a
silicon wafer (12a) from a horizontal stack (10) of
silicon wafers (12), characterised in that it
comprises a movable transport device (2) for attaching
to a surface of the outermost silicon wafer (12a) in
the stack (10), where the movable transport device (2)
is arranged for movement of the silicon wafer (12a) in
a 



substantially vertical plane until the silicon wafer
(12a) is separated from the stack (10). 11. A device
according to claim 10, characterised in that it
comprises an apparatus for moving the outermost wafer
substantially along a vertical, horizontal, slanting
or curved path in the vertical plane. 12. A device
according to claim 10, characterised in that it
comprises one or more nozzles (3) for spraying a
liquid or fluid on to the silicon wafer (12a) in order
to separate it, thereby counteracting the binding
forces between the silicon wafer (12a) attached to the
transport device and the adjacent silicon wafer. 13. A
device according to claim 10, characterised in that it
comprises a blocking device (4) for preventing
simultaneous movement of the underlying silicon wafer
or wafers in the stack (10). 14. A device according to
claim 10, characterised in that it comprises devices
for removing the wafers from the transport device. 15.
A device according to claim 10, characterised in that
it comprises means for moving the stack (10) towards
the transport device (2) a distance corresponding to
the thickness of the silicon wafer (12a), thereby
permitting separation of the next silicon wafer from
the stack by means of the transport device (2). 16. A
device according to claim 10, characterised in that
the device comprises a liquid-filled vessel (5) in
which the stack (10) is completely or partly
submerged. 17. A device according to claim 16,
characterised in that the liquid is water, or water
with additives for reducing the viscosity and/or
surface tensions in order to facilitate the separation
of the silicon wafer from the stack. 18. A device
according to one of the patent claims 16-17,
characterised in that the liquid has a temperature of
between 10-70C, preferably 30-60 C and even more
preferred 50C. 


