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(57) ABSTRACT 

An apparatus for transferring Wafers betWeen Wafer holders 
such as Wafer cassettes, etching drums and the like includes 
a tank for containing a liquid transfer medium in Which the 
Wafers can be transferred. The apparatus includes a Wafer 
transfer unit that can transfer a plurality of Wafers such as 
semiconductor Wafers betWeen Wafer holders, and maintain 
the Wafers in a desired relative orientation during transfer. 
For example, the Wafers can be maintained in a parallel 
relationship. The apparatus can be used to automatically 
transfer Wafers to etching drums Without cross-indexing of 
the Wafers and Without manual handling of the Wafers. 
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APPARATUS AND METHOD FOR 
AUTOMATICALLY TRANSFERRING WAFERS 
BETWEEN WAFER HOLDERS IN A LIQUID 

ENVIRONMENT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] This invention is directed to the ?eld of semicon 
ductor Wafer preparation and, more particularly, to an appa 
ratus and method for transferring Wafers betWeen Wafer 
holders. 

[0003] 2. Description of Related Art 

[0004] During semiconductor Wafer preparation, Wafers 
are subjected to mechanical processes including slicing, 
grinding and lapping, Which produce lattice damage in the 
surface regions of the Wafers. This lattice damage is gener 
ally removed by chemically etching the Wafers to remove 
the damaged surface regions of the Wafers. Etching is 
typically conducted in an etching machine, Which includes 
an etching drum to movably support the Wafers Within an 
acid etch solution during the etching process. 

[0005] During the etching process, it is important that the 
Wafers are positioned on the etching drum so that the Wafers 
are parallel to, and uniformly spaced from, each other. Such 
positioning of the Wafers is desirable so that the Wafers do 
not contact and possibly chip or scratch each other. The 
Wafer surfaces are very sensitive to such contact before 
etching (after cleaning). In addition, uniform spacing of the 
Wafers promotes uniform etching of the Wafers, so that 
etched Wafers are uniformly siZed and do not include stained 
regions. Non-uniform etching can produce defective Wafers 
that are unsuitable for subsequent fabrication and must be 
scrapped at substantial ?nancial cost. 

[0006] It is knoWn to manually position Wafers on etching 
drums. The structure of etching drums makes it dif?cult, 
hoWever, for operators to manually position the Wafers on 
the etching drums so that the Wafers are properly positioned 
in an ef?cient manner. Particularly, etching drums typically 
have multiple sets of grooves, With each set of grooves being 
designed to receive and support a single Wafer. Each set of 
grooves typically includes several grooves that are aligned 
With each other. During manual positioning of the Wafers, 
operators must position the Wafers so that each of the Wafers 
is properly received Within each of the grooves of one set of 
grooves only. If the Wafers are not properly positioned in this 
manner, they Will be “cross-indexed” in the grooves, mean 
ing that individual Wafers are received in the grooves of 
more than one set of grooves. Consequently, more than one 
Wafer can be received in individual grooves, causing the 
Wafers to not all be parallel to, and equally spaced from, 
each other. As a result, the Wafers can physically contact 
each other. Such contact can scratch the Wafers and also 
prevent uniform etching of each Wafer, as described above. 

[0007] In order to correct cross-indexing, operators must 
manually re-position the Wafers on the etching drum before 
etching. This approach is not satisfactory, hoWever, for 
several reasons. First, the Wafers are susceptible to scratch 
ing and, accordingly, it is desirable to minimiZe such han 
dling of the Wafers. Second, it is time-consuming for the 
operators to re-position the Wafers and this additional step 
can signi?cantly delay the performance of the etching step. 
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Third, the environment of the etching machine can be 
haZardous to operators due to the presence of the acid etch 
solution and associated fumes. Correcting cross-indexing 
problems can force the operators to be eXposed to this 
environment for eXtended periods of time. 

[0008] Another concern during Wafer preparation is to 
maintain the Wafers in a clean condition. For eXample, 
Wafers are very sensitive to contamination after being 
cleaned. Accordingly, it is important to reduce eXposure of 
the Wafers to potential contamination during transfer opera 
tions, such as by reducing eXposure of cleaned Wafers to the 
ambient atmosphere prior to etching, so as to reduce oXida 
tion and contamination of the Wafers. 

[0009] Thus, there is a need for an apparatus and method 
for transferring Wafers from Wafer carriers to etching drums 
that can reduce or even eliminate cross-indexing, reduce 
exposure of operators to haZardous Wafer etching environ 
ments, and reduce Wafer contamination during processing 
and transfer operations. 

SUMMARY OF THE INVENTION 

[0010] This invention provides an apparatus for transfer 
ring Wafers betWeen various types of Wafer holders that can 
satisfy the above needs. 

[0011] The Wafers can be semiconductor Wafers as Well as 
other types of Wafers and similar shaped objects. 

[0012] The apparatus can be used to transfer Wafers 
betWeen various types of Wafer holders. For eXample, in 
some embodiments, the apparatus can transfer Wafers from 
Wafer holders that hold Wafers in set relationships, such as 
parallel relationships, relative to each other. The apparatus 
can automatically transfer Wafers betWeen such Wafer hold 
ers and retain the Wafers in their desired relationships during 
transfer. The apparatus can eliminate the need for operators 
to manually transfer Wafers betWeen holders. In addition, the 
apparatus can transfer Wafers Without cross-indexing the 
Wafers. Thus, the apparatus can eliminate the need for 
operators to manually correct cross-indexing problems in 
transferred Wafers. Accordingly, the Wafers can be prevented 
from contacting and damaging each other during transfer. 

[0013] The apparatus can be used to transfer Wafers from 
Wafer cassettes, Which are typically used to carry semicon 
ductor Wafers during Wafer preparation. The apparatus can 
be used to automatically transfer Wafers from Wafer cas 
settes to etching drums that are utiliZed in etching machines. 
In addition, the apparatus can automatically transfer etching 
drums betWeen the apparatus and etching machines, so that 
manual transfer is not required. 

[0014] According to an embodiment of this invention, the 
apparatus comprises a transfer chamber for containing a 
liquid, and a transfer unit for transferring at least one Wafer 
in the liquid from a ?rst Wafer holder to a second Wafer 
holder. For eXample, the ?rst and second Wafer holders can 
be a Wafer cassette and an etching drum, respectively. In 
some embodiments, the liquid is preferably a high-purity 
liquid. By transferring Wafers in the liquid, the Wafers can be 
protected against eXposure to contamination during transfer. 

[0015] Although not limited to these speci?cs, in a par 
ticular embodiment of this invention, the apparatus can 
comprise one or more stands disposed in the liquid in the 
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transfer chamber. During transfer operations, the stands can 
support one or more of the Wafers in the liquid. The 
apparatus can further comprise a ?rst lift for supporting the 
?rst Wafer holder and a second lift for supporting the second 
Wafer holder. The ?rst lift can be moved by the transfer unit 
to transfer one or more Wafers from the ?rst Wafer holder to 
the ?rst stand in the liquid. The second lift can be moved by 
the transfer unit to transfer one or more Wafers from the 
second stand to the second Wafer holder in the liquid. 

[0016] The transfer unit can also transfer Wafers in the 
reverse direction in the liquid, i.e., from the second Wafer 
holder to the second stand, from the second stand to the ?rst 
stand, and from the ?rst stand to the ?rst Wafer holder. In 
addition, the apparatus can transfer Wafers to and from other 
machines used for Wafer fabrication, such as etching 
machines, that are utiliZed in Wafer preparation. Accord 
ingly, Wafers can be transferred back to a Wafer holder after 
the Wafers are subjected to other Wafer fabrication steps. 

[0017] The transfer unit is preferably automated so that it 
can automatically transfer the Wafers in the liquid betWeen 
the various Wafer supports. Accordingly, the apparatus can 
eliminate the need for operators to manually transfer Wafers 
betWeen Wafer holders. 

[0018] This invention also provides a method for trans 
ferring Wafers betWeen Wafer holders in a liquid medium 
that utiliZes the apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Certain preferred embodiments of this invention 
Will be described in detail, With reference to the accompa 
nying ?gures, in Which: 

[0020] FIG. 1 is a partial perspective vieW of an apparatus 
for transferring Wafers betWeen Wafer holders in a liquid in 
accordance With an embodiment of this invention, shoWing 
a cassette lift supporting a pair of Wafer cassettes in a raised 
position in a transfer chamber; 

[0021] FIG. 2 illustrates the manner of placing the Wafer 
cassettes onto the cassette FIG. 3 illustrates a transfer unit 
of the apparatus according to an embodiment of this inven 
tion in a raised position prior to being engaged With the 
cassette lift of FIG. 2; 

[0022] FIG. 4 illustrates the transfer unit of FIG. 3 With 
the Wafer chucks of the transfer unit in a closed position; 

[0023] FIG. 5 illustrates the transfer unit of FIG. 4 With 
the Wafer chucks in an open position in Which the transfer 
unit is fully engaged With the cassette lift in the raised 
position; 

[0024] FIG. 6 illustrates the apparatus of FIG. 1 With the 
cassette lift in the raised position and the Wafer chucks 
engaged With the cassette lift; 

[0025] FIG. 7 illustrates the transfer unit and cassette lift 
of FIG. 5 and the manner of disengaging cassette lift stop 
elements to enable the cassette lift to be loWered into the 
liquid in the tank by the transfer unit; 

[0026] FIG. 8 illustrates the apparatus of FIG. 1 With the 
cassette lift in a loWered position after the Wafers contained 
in the Wafer cassettes are transferred to ?rst Wafer stands; 
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[0027] FIG. 9 shoWs the cassette lift of FIG. 2 in the 
loWered position of FIG. 8, With a plurality of Wafers 
positioned in a parallel relationship on the ?rst Wafer stands; 

[0028] FIG. 10 illustrates the apparatus of FIG. 8 after 
disengaging the Wafer chucks from the cassette lift and 
engaging Wafer engagement portions of the Wafer chucks 
With the Wafers; 

[0029] FIG. 11 shoWs the transfer unit in a raised position 
above the ?rst Wafer stands after removing the Wafers from 
the ?rst stands, and the Wafer cassettes in the loWered 
position in the tank; 

[0030] FIG. 12 illustrates the apparatus of FIG. 10 With 
the Wafer chucks in a raised position above second Wafer 
stands prior to the Wafer chucks being engaged With the 
drum lift; 

[0031] FIG. 13 shoWs the transfer unit in the raised 
position above the second Wafer stands With the Wafer 
chucks in the closed position supporting the Wafers; 

[0032] FIG. 14 shoWs the apparatus of FIG. 12 With the 
Wafer chucks opened and engaged With the drum lift and the 
cassettes supported on the second Wafer stands in the 
loWered position of the drum lift; 

[0033] FIG. 15 illustrates the Wafers positioned in a 
parallel relationship on the second stands and the etching 
drum in a loWered position, With the arroW representing the 
direction of movement of the etching drum to a raised 
position; 

[0034] FIG. 16 illustrates the apparatus of FIG. 14 With 
the drum lift in a raised position in Which the Wafers are 
supported by the etching drum; 

[0035] FIG. 17 illustrates the manner of closing the Wafer 
chucks and engaging the drum lift stop elements to hold the 
drum lift in the raised position; 

[0036] FIG. 18 illustrates the etching drum and drum lift 
in the raised position after the drum chucks are disengaged 
from the drum lift; 

[0037] FIG. 19 illustrates the transfer unit after being 
disengaged from the drum lift and being moved to a side of 
the etching drum facing the ?rst stands, shoWing a drum 
hand of the transfer unit engaged With a shaft of the etching 
drum and a Wafer holding bar of the transfer unit engaged 
With a movable locking rod of the etching drum; 

[0038] FIG. 20 is an enlarged partial vieW shoWing the 
Wafer holding bar of the transfer unit engaged With the 
movable locking rod of the etching drum, With the locking 
rod in an unlocked position; 

[0039] FIG. 21 illustrates an etching drum that can be 
used in the apparatus of this invention; and 

[0040] FIG. 22 illustrates the tank of the apparatus and a 
portion of the transfer unit disposed above the tank. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0041] This invention provides an apparatus and method 
for transferring Wafers betWeen various types of Wafer 
holders. This invention can be used to transfer Wafers 
betWeen Wafer holders that are conventionally used to 
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contain Wafers during Wafer preparation. For example, the 
Wafer holders can be Wafer cassettes, Wafer boats, etching 
drums and the like. The Wafers can be semiconductor Wafers 
such as silicon Wafers, gallium arsenide Wafers and other 
semiconductor materials. The Wafers can be composed of 
non-semiconductor materials as Well, such as quartZ Wafers. 

[0042] The apparatus of this invention can transfer Wafers 
betWeen Wafer holders such that the Wafers are retained in a 
desired orientation relative to each other during and after 
transfer. For example, Wafers are typically supported by 
Wafer holders in a parallel relationship, such as in individual 
grooves, to prevent contact betWeen individual Wafers. The 
apparatus can transfer Wafers betWeen various types of 
Wafer holders and retain such parallel relationship of the 
Wafers. 

[0043] The apparatus can transfer Wafers automatically, 
thus eliminating the need for operators to manually handle 
the Wafer holders or Wafers during transfer operations. In 
addition, this invention can reduce exposure of Wafers to 
contamination during transfer, and can eliminate physical 
damage to Wafers that can occur during manual handling 
operations. 

[0044] The above and other advantages of this invention 
Will be described beloW With reference to the draWings. The 
?gures illustrate the transfer of Wafers betWeen Wafer cas 
settes and an etching drum. The etching drum is utiliZed in 
an etching machine to etch the Wafers. The etching machine 
does not form a part of this invention and, accordingly, is not 
illustrated or described in detail herein. It Will be understood 
by those skilled in the art that the apparatus of this invention 
can be used to transfer Wafers betWeen different types of 
Wafer holders as Well such as, for example, betWeen different 
Wafer cassettes or different etching drums. In addition, it Will 
be understood that the Wafers can be transferred betWeen 
more than tWo different Wafer holders. 

[0045] FIG. 1 illustrates a portion of an apparatus 10 
according to an embodiment of this invention that can be 
used to transfer Wafers betWeen Wafer holders in a liquid 
environment. The illustrated apparatus includes a tank 12 
shoWn partially broken aWay. The tank is typically open at 
the upper end as shoWn. The tank includes upstanding side 
Walls 14, 16 and a bottom Wall 18 forming a housing. The 
housing de?nes a transfer chamber 20 for containing a liquid 
that functions as the Wafer transfer medium. The liquid can 
be any suitable high-purity liquid that is non-contaminating 
to the apparatus and to the Wafers. Typically, the liquid is 
high-purity deioniZed Water. The liquid level L in the trans 
fer chamber is typically approximately as shoWn in FIG. 1. 

[0046] According to an aspect of this invention, the liquid 
in the tank 12 can comprise a chemical that forms an oxide 
layer on the Wafers, to protect the Wafers from scratching 
due to contact betWeen each other. For example, the liquid 
can comprise high-purity Water and up to about 5% of 
hydrogen peroxide. Other suitable chemicals that promote 
oxide layer formation can be used as Well. 

[0047] The apparatus 10 can also include a liquid supply 
system that circulates the liquid into and out of the tank. The 
liquid supply system can include a liquid inlet 22 and a 
liquid outlet 24 or an alternative over?oW system to enable 
the liquid to be ?lled into the tank 12 to maintain the liquid 
in the tank in a clean condition. In addition, the liquid supply 
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system can maintain a desired liquid level in the tank 12. 
HoWever, it Will be readily apparent that such a liquid supply 
system is not necessary in all embodiments of this invention, 
and that Wafer contamination by the liquid can be prevented 
in other manners. 

[0048] It Will be understood by those skilled in the art that 
the apparatus 10 of this invention can be used to transfer 
Wafers betWeen Wafer holders When no liquid is contained in 
the tank 12. In such embodiments, the Wafers can also be 
transferred Without requiring operators to handle the Wafers. 
It is preferable, hoWever, to transfer Wafers in a liquid for at 
least the folloWing reasons. First, the high-purity liquid 
prevents the Wafers from being exposed to the atmosphere 
during the transfer operation, thereby eliminating contami 
nation of the Wafers by the air during transfer. Second, the 
increased viscosity of the liquid as compared to the air can 
assist in maintaining the Wafers in the desired relative 
orientation With respect to each other during transfer. 

[0049] The apparatus 10 further comprises a cassette lift 
26 and a drum lift 28 laterally spaced from the cassette lift 
26. The cassette lift 26 is shoWn in a ?xed, raised position 
in FIG. 1. Referring also to FIG. 2, the cassette lift 26 
includes a bottom Wall 30 and opposed upstanding side 
Walls 32. The bottom Wall 30 is siZed to support at least one 
Wafer cassette 34 (tWo Wafer cassettes 34 are shoWn). More 
or less Wafer cassettes 34 can be used in other embodiments 
of this invention. Each Wafer cassette 34 typically includes 
a plurality of parallel grooves 36, Which are each siZed to 
support one Wafer, such that the Wafer cassettes can support 
a plurality of Wafers in a parallel relationship. For simpli 
?cation, only one Wafer W is shoWn in each Wafer cassette 
34 in some ?gures, such as FIG. 1. In other ?gures such as 
FIG. 2, a plurality of Wafers W are shoWn in the Wafer 
cassettes 34 to illustrate hoW the Wafers can be supported in 
various relationships such as the illustrated parallel relation 
ship. Each Wafer cassette 34 is typically siZed to support 
about 25 or less Wafers. One or more holes 38 extend 
through the bottom Wall 30 of the cassette lift 26. The 
number of holes 38 can be varied depending on the number 
of Wafer cassettes 34 supported on the cassette lift 26. The 
side Walls 32 each include tWo slots 40 that are typically 
generally L-shaped. The slots 40 each typically include a 
vertical portion 42 and a horiZontal portion 44. The hori 
Zontal portions 44 extend outWardly in opposite directions to 
each other. 

[0050] A ?rst cassette lift stop element 46 is provided on 
the outer surface 48 of each of the side Walls 32 of the 
cassette lift 26. The ?rst cassette lift stop elements 46 each 
releasingly engage a second cassette lift stop element 50 
provided on the side Walls 14 of the tank 12 as shoWn in 
FIG. 1, to hold the cassette lift 26 in the vertically ?xed, 
raised position. The ?rst and second cassette lift stop ele 
ments 46, 50 can be selectively disengaged from each other 
by moving the second cassette lift stop elements 50 aWay 
from the ?rst cassette lift stop elements 46 to enable the 
cassette lift 26 to be moved vertically doWnWard in the tank 
12 as described in greater detail beloW. One or more rollers 
52 are provided on each side Wall 32 of the cassette lift 26. 
The rollers 52 mate With vertically extending rails 54 Which 
are mounted to each of the opposed side Walls 14 of the tank 
12, to enable the cassette lift 26 to be moved vertically in the 
tank 12 in the direction of the rails 54. 












