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Background of the Invention
This invention relates generally to apparatus for

use in cleaning semiconductor wafers and more
5 particularly to apparatus for use in cleaning wafers
which protects the wafers from particle contamination
during the cleaning process.
As is known, contaminates on the surface of a
semiconductor wafer will adversely affect the electrical
10 properties of the wafer. Therefore, it is of the utmost
importance that the wafer surface be substantially free
of particulate and other contaminates. Thus, at least
the final stage of semiconductor wafer manufacture
involves cleaning the wafer to remove the contaminates.
15 Many methods are available for cleaning the wafers,
including both chemical and mechanical processes as well
as ultrasonic processes. Even with mechanical cleaning
some liquids are used to facilitate the process.
Therefore, it is always necessary to dry the wafers once
20 cleaned.
The exacting standards of cleanliness required in
the semiconductor industry (e.g., no more than 10
particles on the wafer greater than 0.2 micrometers in
diameter) create unique problems for wafer cleaning. For
25 example, the cleaning process itself can cause
contaminates to deposit on the wafer surface as the wafer
is handled. The conventional automated cleaning method
processes wafers in a horizontal position. A wafer
transport which holds the wafer as it is cleaned
30 typically comprises a vacuum chuck or O-ring belt which
engages one face of the wafer. Heretofore, the motors,
belts, bearings and other mechanical parts used to clean
the wafers were in close proximity to the wafer itself.
These parts are sources of particulate and metallic

35 contamination of the wafers in the cleaning apparatus.



15 Many net hods are avail able for cleaning the wafers, including both
chem cal and nechani cal processes as well as ultrasonic processes. Even

wi th mechani cal cleaning sonme liquids are used to facilitate the process.
Therefore, it is always necessary to dry the wafers once 20 cl eaned. The
exacting standards of cleanliness required in the sem conductor industry
(e.g., no nore than 10 particles on the wafer greater than 0.2 mcroneters
in diameter) create unique problens fof wafer cleaning. For 25 exanpl e,
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the wafer asdiitrek®iohed¥edlow of air through the cleaning apparatus.
Thus, the surface is more likely to capture particles
5 entrained in the air flow.
There are presently some vertical cleaning apparatus
such as shown by Kudo et al., U.S. Patent No. 5,317,778.
However, the Kudo et al. apparatus receives wafers in a
horizontal orientation and then moves them to a vertical
10 orientation. As a result grippers having opposing
members must be used to grip the wafers on opposing sides
for moving them to a vertically upright position. The
greater the area of the wafer contacted by the gripper
member, the greater the chance for contamination of the
15 wafer. Moreover, Kudo et al. rely upon infrared drying
which evaporates liquid from the surface of the wafer.
Evaporative drying leaves behind on the wafer
contaminants which were suspended or dissolved in the

wafer cleaning or rinsing liquids.

20 Summary of the Invention
Among the several objects and features of the

present invention may be noted the provision of apparatus
for use in cleaning wafers which protects the wafers from
particulate contamination; the provision of such

25 apparatus which isolates the wafers from mechanical
components of the apparatus; the provision of such
apparatus in which the wafers are handled in a vertically
upright position; the provision of such apparatus which
holds the wafers so that only a thin profile is

30 perpendicular to the air flow through the apparatus; the
provision of such apparatus in which contact with the
wafers for holding them is made only along a lower edge
of the wafer; the provision of such apparatus including a
dryer which rapidly removes liquid from the wafer for

35 drying without chemical aid or control of the air



30 typically conprises a vacuum chuck or O-ring belt which engages one
face of the wafer. Heretofore, the notors, belts, bearings and ot her
mechani cal parts used to clean the wafers were in close proximty to the
wafer itself. These parts are sources of particulate and netallic 35
contam nation of the wafers in the cl eaning apparatus. 2 Moreover, the
horizontal orientation of the wafers prgsents a |large surface area
perpendi cular to the direction of flow of air through the cleaning
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entrained Ir]éﬁ?éﬁugaéify%ates tracking of individual wafers.
Generally, apparatus for use in automatically
cleaning semiconductor wafers includes a wafer entry
5 station for receiving wafers held in a vertical
orientation, and a first wafer transfer means for
transferring one wafer at a time from the wafer entry
station without changing the vertical orientation of said
one wafer. A spin dryer constructed for receiving said

10 one wafer from said first wafer transfer means and
holding said one wafer in a vertical orientation is
rotatable about an axis passing generally through the
center of said one wafer received from said first wafer
transfer means at a rate of rotation selected to throw

15 liquid on said one wafer off of the wafer. A second
wafer transfer means for transferring said one wafer from
the spin dryer in a vertical orientation to a wafer exit
station receives said one wafer from said second wafer
transfer means in a vertical orientation.

20 In another aspect of the present invention, a method
for drying a semiconductor wafer in an automatic drying
machine generally comprises the steps of placing a
plurality of vertically upright wafers in a wafer entry
station of the drying machine. Each of said plurality of

25 wafers is lifted vertically out of the wafer entry
station and transported in a vertical upright orientation
to a dryer of the drying machine. The wafers are each
gspun in the vertically upright orientation in a spin.
dryer of the drying machine to remove ligquid from the

30 wafer. Thereafter, each wafer ig transported in the
vertically upright orientation from the spin dryer to a
wafer exit station.

Other objects and features of the present invention
will be in part apparent and in part pointed out

35 hereinafter.



There are presently sonme vertical cleaning apparatus such as shown by Kudo
et al., US Patent No. 5,317,778. However, the Kudo et al. apparatus
receives wafers in a horizontal orientation and then noves themto a
vertical 10 orientation. As a result grippers having opposi ng nenbers
must be used to grip the wafers on opposing sides for noving themto a
vertically upright position. The greatgr the area of the wafer contacted by
the gri pper nmenber, the greater the chance for contam nation of the 15
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FIG. 2 is a front elevational view with the front of
5 transparent housing of the apparatus removed to more
clearly show the arrangement of wafer handling components
of the apparatus;
FIG. 3 is a back elevational view of the apparatus
with the housing broken away to show mechanical
10 components of the apparatus;
FIG. 4 is an enlarged, fragmentary cross sectional
view of the apparatus taken in the plane including line
4-4 of Fig. 1 and showing a first wafer transport arm in
phantom with the remainder of the first wafer tfansport
15 removed;
FIG. 5 is an enlarged fragmentary cross sectional
view of the apparatus taken in the plane including line
5-5 of Fig. 1;
FIG. 6 is a cross sectional view similar to Fig. 5
20 but further enlarged and fragmented with parts of the
apparatus other than a wafer entry station, wafer picker
and the first wafer transport of the apparatus removed;
FIG. 6A is an enlarged fragmentary front elevational
view taken from Fig. 2 illustrating transfer of a wafer
25 from the wafer picker to the first wafer transport;
FIG. 7 is a cross sectional view of the apparatus
similar to Fig. 6 but with the wafer picker removed and a
wafer scrubber of the apparatus additionally illustrated;
FIG. 7A is an enlarged fragmentary front elevational
30 view taken from Fig. 2 and illustrating transfer of the
wafer from the first wafer transport to wafer spin pins
associated with the wafer scrubber;
FIG. 8 ig a cross sectional view of the apparatus
gimilar to Fig. 7 but with the wafer entry station
35 removed and a second wafer transport of the apparatus
additionally illustrated;



Anong the several objects and features of the present invention may be
noted the provision of apparatus for use in cleaning wafers which protects
the wafers fromparticul ate contam nation; the provision of such 25
apparatus which isolates the wafers from nmechani cal conponents of the
apparatus; the provision of such apparatus in which the wafers are handl ed
in a vertically upright position; the pyovision of such apparatus which
hol ds the wafers so that only a thin profile is 30 per pendi cul ar to the
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5 FIG. 9 is a cross sectional view similar to Fig. 4,

but further enlarged and fragmented with parts of the

apparatus other than the second wafer transport and a

wafer dryer of the apparatus removed;

FIG. 10 is an enlarged fragmentary cross sectional

10 view of the apparatus taken in the plane including line
10-10 of Fig. 2 but showing the second wafer transport in
registration with the wafer dryer;

FIG. 11 is an enlarged fragmentary front elevational
view illustrating removal of a wafer from the wafer dryer

15 by a take-off wafer transport;

FIG. 12 is a fragmentary cross sectional view
similar to Fig. 5 but further enlarged and fragmented
with parts of the apparatus other than the wafer drver,
the wafer take-off transport, a wafer placer and a wafer

20 exit station of the apparatus removed;

FIG. 12A is an enlarged fragmentary front
elevational view taken from Fig. 2 and illustrating
transfer of the wafer from the wafer take-off transport
to the wafer placer;

25 FIG. 13 is a crosgs sectional view similar to Fig. 12
but with the wafer dryer and the wafer take-~-off transport
removed and illustrating placement of the wafer in a
cassette at a wafer exit station of the apparatus;

FIG. 14 is an enlarged, fragmentary cross sectional

30 view similar to Fig. 9 showing a wafer rinsing device;
and

FIG. 15 is an enlarged, fragmentary front
elevational view similar to Fig. 2 and showing the wafer
rinsing device.



3 pressure in the dryer; the provision of such apparatus which facilitates
tracki ng of individual wafers. Generally, apparatus for use in
automatical ly cleaning sem conductor wafers includes a wafer entry 5
station for receiving wafers held in a vertical orientation, and a first
waf er transfer neans for transferring one wafer at a tine fromthe wafer
entry station w thout changing the vergical orientation of said one wafer.
A spin dryer constructed for receiving said 10 one wafer fromsaid first

waf er transfer neapsrergondidgngefardnete cwat-abrkRsaingitheal orientation
'S corresponding parts throughout the several views of the

drawings.

Detailed Degcription of the Preferred Embodiments
5 Referring now to the drawings, and in particular to

Figs. 1-3, apparatus for use in cleaning semiconductor
wafers is shown to comprise a housing, generally
indicated at 20, substantially enclosing a volume to be
isolated. The housing extends through a wall W between a
10 clean room, which is the vantage from which Fig. 1 is
seen, and a service room, which is the vantage from which
Fig. 3 is seen. Only fragmentary portions of the wall W
through which the housing 20 extends are illustrated in
the drawings. The portion of the housing in the clean
15 room contains two compartments, inside the first of which
gsemiconductor wafers are processed (i.e., cleaned and
dried, or simply dried). The first compartment is
defined in part by a top wall 22, a portion of a bottom
wall 24 of the housing 20, a front wall 26, a right side
20 wall 28, a double left side wall (including inner and
outer panels 30A and 30B), and a double rear wall (Fig.
4) (including inner and outer panels 322 and 32B). The
second compartment in the clean room is defined by a
further extension of the bottom wall 24, a top wall 34,
25 left and right side walls (designated 36 and 38,
respectively) a front wall 40 and a back wall 42. The
double walls 30, 32 separate the first compartment from
the second compartment and a third compartment of the
housing in which mechanical equipment for actuating wafer
30 handling components in the first compartment is located.
The space between the panels of each double wall 30, 32
is exhausted and drained. A drain 43 for draining the
space between the inner and outer panels 32A, 32B of the

rear double wall is shown in Fig. 4. A similar drain



rot at abl e about an axis passing generally through the center of said one
wafer received fromsaid first wafer transfer neans at a rate of rotation
selected to throw 15 liquid on said one wafer off of the wafer. A second
waf er transfer nmeans for transferring said one wafer fromthe spin dryer in
a vertical orientation to a wafer exit station receives said one wafer from
said second wafer transfer neans in a wertical orientation. 20 I'n
anot her aspect of the present invention, a nethod for drying a

sem conduct or(nef efhdwh)a xRl TRiHL a)@éﬂ%éﬁfé@ﬂw&k&eqefxﬁﬂ YarPradeses the
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lifted verti callly JutofoftHehef iwafte recemiamt nedrat iiore Jantkst raansmrdxediddr a
vertical Upﬂéﬁuaﬁgiéﬂf6ﬁéfnaoor 46 mounted by respective pairs of
5 polymeric brackets 48 connected to the housing for
independently pivoting each door between open and a
closed position.
The rear portion of the housing is a third

compartment which as shown in Fig. 3 is defined by

10 another extension of the bottom wall 24, a top wall 50,
two side walls 52 and two side-by-side rear doors 54.
Only fragmentary portions of the rear doors 54 are shown
in Fig. 3, but they are pivotally mounted to respective
gide walls 52 of the third compartment for pivoting

15 between opened and closed positions. In the closed
position, the rear doors 54 cover the open back of the
housing 20. The walls of the first, second and third
compartments of the housing described thus far are made
of a suitable transparent plastic (e.g., Lexan). A front

20 wall 56 of the third compartment adjacent to the rear
double wall 32 of the first compartment is a sheet of
aluminum approximately one inch thick upon which various
actuating mechanisms of the apparatus (described
hereinafter) are rigidly mounted.

25 Referring now particularly to Fig. 2, the apparatus
is shown to comprise a wafer entry station, indicated
generally at 58, for receiving wafers S (only one is
shown, in phantom) held in a vertical orientation in a
cassette C1. The wafer cassette Cl is conventional,

30 contacting the wafers S only at a few discrete locations
along their edges. The top and bottom of the cassette Cl
are open, which as will be seen, facilitates automated
removal and replacement of the wafers. The wafer entry
station 58 further includes a transparent constant

35 overflow tank 60 in which the cassette Cl is received and

held between a pair of support arms 62 in the tank. In



to a dryer of the drying machine. The wafers are each spun in the
vertically upright orientation in a spin dryer of the drying nmachine to
renove liquid fromthe 30 wafer. Thereafter, each wafer is transported
in the vertically upright orientation fromthe spin dryer to a wafer exit
station. O her objects and features of the present invention will be in

part apparent and in part pointed out 35 herei nafter. 4 Brief
Description of the Drawings FIG 1 is a front elevational view of wafer
cl eani ng another embodiment (not shown) support arms are

constructed for supporting the entry wafer cassette Cl
from under the cassette. An advantage of support from
the bottom is that wafer cassettes of different
5 configurations are more readily held by the same support

arms. Deionized water is constantly fed into the tank 60
and overflows into a trough 60A around the upper
perimeter of the tank to keep the environment within the
tank clean. The trough 60A is connected to drains (not

10 shown) for removing the overflow water from the trough.
A pair of nozzles 61 mounted by a bracket 63 are located
up and to the right of the overflow tank 60 and spray
water onto the surface of the water in the overflow tank
to sweep water at the surface of the tank into the trough

15 60A for keeping the surface water clean.

First wafer transfer means for transferring one
wafer at a time from the wafer entry station 58 for
cleaning and drying or drying alone without changing the
vertical orientation of the wafer is designated generally

20 at 64. The first wafer transfer means includes a wafer
picker and first and second wafer transports, designated
generally by the reference numerals 66, 68 and 70
respectively. The wafer picker 66 includes an arm 72 and
three spaced apart fingers 74 at the lower end of the

25 arm. The upper end of the arm 72 is connected to a
bracket 76 extending laterally to the left (as seen in
Fig. 2) and rearwardly through a vertical slot 78 in the
double rear wall 32 of the first compartment and front
wall 56 of the third compartment of the housing where it

30 connects to actuating means to be described hereinafter.
The wafer picker 66 is capable of lifting one wafer $ at
a time out of the cassette Cl to a position above the
cassette where the wafer is passed off from the wafer
picker to the first wafer transport 68.

35 The first wafer transport 68 has an arm 80 formed

with four spaced apart fingers 82 for holding the wafer



and dryi ng apparatus of the present invention; FIG 2 is a front

el evational vieww th the front of 5 transparent housing of the apparatus
renoved to nore clearly show the arrangenent of wafer handling conponents
of the apparatus; FIG 3 is a back elevational view of the apparatus with
t he housi ng broken away to show nmechani cal 10 conponents of the
apparatus; FIG 4 is an enlarged, fragnentary cross sectional view of the
apparatus taken in the plane includingline 4-4 of Fig. 1 and showi ng a

first wafer tganmtfﬁ{%&@ ghaom it ddt g &R delgds 1€ dd I§le vaf er
transport 15 renoved; FIG 5 is an enlarged fragnentary cross sectional

view of the AFEFARICHIKSAD i MR Hagid itRaamithy magsing off of the

wafer S from the wafer picker to the first wafer
transport 68 (Fig. 6A). The first wafer transport arm 80
5 is connected at its right end to a bar 84 (Fig. 6)

extending through a vertical slot 86 in the rear double
wall 32 of the first compartment and front wall 56 of the
third compartment to other actuating means described in
detail hereinafter. The first wafer transport 68 can be

10 moved upward directly to the second wafer transport 70 if
the wafer S is only to be dried, or intermediately to a
pair of rotary wafer scrubber rollers 88 for cleaning the
wafer.

The scrubber rollers 88 extend through the left side

15 double wall 30 of the first compartment and the right
side wall 38 of the second compartment where they are
connected to an electric motor 90 by a belt 92. The
motor 90 is mounted by a bracket 94 to the right side
wall 38 of the second compartment and may be selectively

20 energized for conjointly rotating the scrubber rollers 88
about their longitudinal axes. Cleaning solution lines
93 drip a cleaning liquid (e.g., ammonium hydroxide) onto
each of the scrubber rollers 88. Although the motor 90
and bracket 94 would be seen through the transparent

25 walls 30, 38 of the first and second compartments, it has
been omitted from the cross sectional views (Figs. 4 and
5) for clarity. If the wafer S is to be cleaned, the
first wafer transport 68 carries the wafer upward from
the wafer entry station 58 to a position in which the

30 upper half of the wafer extends through the scrubber
rollers 88. The first wafer transport 68 is capable of
passing off the wafer S in this position to wafer spin
pins 96 (Fig. 7A) for rotating the wafer, as it is being
scrubbed by the rotating rollers 88, about an axis

35 perpendicular to the wafer and extending through its
center. The wafer spin pins 96 extend through the rear



5-5 of Fig. 1; FIG 6 is a cross sectional viewsimlar to Fig. 5 20 but
further enlarged and fragnented with parts of the apparatus other than a
waf er entry station, wafer picker and the first wafer transport of the
apparatus renoved; FIG 6A is an enlarged fragnentary front el evational
view taken fromFig. 2 illustrating transfer of a wafer 25 fromthe wafer
pi cker to the first wafer transport; F%é? 7 is a cross sectional view of
the apparatus simlar to Fig. 6 but w t he waf er picker renoved and a

waf er scrubbef, g d *&%flqu%ﬂl%r@cﬁi&i&gé@dnbba!ﬂtmw%h%?;th'é' Grof 1S an

enl arged fragnentar ront el evationa view taken fromFig. 2 and
i 11 ustrati ng"eridnsteeriofthen & i CMPGREGS it B &% P&r%‘ﬁc%qr to wafer
Spin pins assRGmRiraGW (dd e dsafarisenuiiler rotation about their
longitudinal axes. Front and rear rinse nozzles
5 (designated 97A and 97B, respectively) mounted on
brackets (designated 97C and 97D, respectively) spray a
rinsing liquid (e.g., deionized water) onto the front and
back portions of the wafer above the rollers 88 as the
wafer is being scrubbed.

10 After cleaning by the scrubber rollers 88, the wafer
S is passed back to the first wafer transport 68 and
carried up to the second wafer transport 70. The rinse
nozzles 97A, 97B spray the wafer as it is lifted up by
the first wafer transport 68 from between the rollers 88

15 so that the entire front and rear surfaces of the wafer
are rinsed of cleaning solution. The second wafer
transport comprises an arm 98 with a generally hook
shaped end and five pegs 100 (broadly, "finger means")
projecting rearwardly at spaced apart locations on the

20 hook shaped end (Fig. 4). The pegs 100 are offset from
the fingers 82 of the first wafer transport arm 80 to
facilitate transfer of the wafer § from the first wafer
transport 68 to the second wafer transport 70 (Fig. 8A).
The second wafer transport arm 98 extends through a

25 vertical slot 102 in the rear double wall 32 of the first
compartment and the front wall 56 of the third
compartment where it is connected to still other
actuating means described hereinafter.

The second wafer transport 70 carries the wafer 8 to

30 a spin dryer, generally indicated at 104, constructed for
receiving the wafer from the first wafer transport 68 and
holding the wafer in a vertical orientation. The spin
dryer 104 has an upper jaw 106 and a lower jaw 108 which
can be automatically opened for receiving the wafer S

35 from the second wafer transport 70, and closed to secure
the wafer in the dryer. Pegs 110 on the upper and lower



FIG 8 is a cross sectional view of the apparatus simlar to Fig. 7 but
with the wafer entry station 35 renmoved and a second wafer transport of
the apparatus additionally illustrated, 5 FIG 8A is an enlarged
fragmentary front elevational view taken fromFig. 2 and illustrating
transfer of the wafer fromthe first wafer transport to the second wafer
transport; 5 FIG 9 is a cross ggctional viewsimlar to Fig. 4, but
further enlarged and fragnmented with parts of the apparatus other than the

second wafer {1,anspy ! &YW éhgage the wafer S along the peripheral
edge margin of the wafer to hold it in the dryer. The
pegs 110 are offset from the pegs 100 on the second wafer
transport 70 to facilitate the transfer of the wafer
5 (Fig. 10). The upper and lower jaws 106, 108 of the spin
dryer 104 are connected through the rear double wall 32
of the first compartment and the front wall 56 of the
third compartment to a rotary actuator mechanism
described hereinafter for rotating the dryer about an
10 axis passing generally through the center of the wafer
held in the dryer. The spin dryer 104 rotates at high
speed (preferably in the range of 1,500 to 2,200 rpm) to
throw liquid off of the wafer. The spin dryer 104 is
relatively massive (e.g., 20 lbs.) relative to the wafer
15 to minimize wvibrations during drying.
Second wafer transport means of the apparatus
capable of transferring the wafer from the spin dryer 104
to a second cassette C2 at a wafer exit station
(generally indicated at 112) comprises a wafer take-off
20 transport and a wafer placer (designated generally by
reference numerals 114 and 116, respectively). Pegs 118
(broadly, "finger means") on a hook shaped end of an arm
120 of the wafer take-off transport 114 are receivable
between pegs 110 on the spin dryer 104 for removing the
25 wafer S from the dryer (Fig. 11). The wafer take-off
transport arm 120 extends rearwardly through a pair of
parallel, horizontal slots 122 in the rear double wall 32
of the first compartment and the front wall 56 of the
third compartment where the arm is connected to an
- 30 actuating mechanism described hereinafter. The wafer S
is moved laterally from the spin dryer 104 by the wafer
take-off transport 114 to a position over the wafer exit
station 112 (where it is shown in Fig. 2).
As best seen in Figs. 11 and 12A, the wafer placer
35 116 comprises an arm 124 having a generally arcuate
groove 126 at its upper end sized to receive a lower edge



waf er dryer of the apparatus renoved; FIG 10 is an enlarged fragnentary
cross sectional 10 vi ew of the apparatus taken in the plane including
line 10-10 of Fig. 2 but showi ng the second wafer transport in registration
with the wafer dryer; FIG 11 is an enlarged fragnentary front el evational
view illustrating renoval of a wafer fromthe wafer dryer 15 by a
take-of f wafer transport; FIG 12 is gu%ragnentary cross sectional view
simlar to Fig. 5 but further enlarge nd fragnented with parts of the

apparatus ot 91%&19&?13%‘ R e A ?a%‘?:ﬁ‘ﬁafl‘%r'/ 13K ey fcetnrt%g_s l%g*’ é’hea waf er
pl acer and a wafer exit stati'on"of the apparatus renoved; Fl 12A is
an enl ar ged tpRgresngr P thet agmeiadi Gisals hredy toakesefivemtiieg 1oweand
illustratingcenter peg 118 of the wafer take-off transport arm 120 so
that the wafer placer arm 124 can lift the wafer off of
5 the pegs 118. The arm 124 is connected through two
vertically extending slots 128 to an actuating mechanism
described hereinafter. The arm 124 is connected to its
associated actuating means at a position below the wafer
cassette C2 in the wafer exit station 112 and extends up
10 through the cagsette C2 to the wafer take-off transport
114. The wafer placer arm 124 is movable downwardly to
deposit the wafer held by its fingers 126 in the
cassette. The wafer exit station 112 comprises in the
illustrated embodiment a pair of arms 130 which support
15 the wafer cassette C2. BAs will be described more fully,
the wafer exit station arms 130 can be indexed in a front
to rear direction (relative to the housing 20) to permit
the wafer placer 116 to deposit wafers S next to each
other in the exit wafer cassette C2. ' In another
20 embodiment (not shown) support arms are constructed for
supporting the exit wafer cassette C2 from undexr the
cassette. In that event, the wafer placer arm 124 would
be movable between the arms and through the open bottom
of the exit wafer cassette C2. An advantage of support
25 from the bottom is that wafer cassettes of different
configurations are more readily held by the same support
arms.
All of the components in the first compartment are
preferably made of fluorinated plastics or a suitable
30 non-metallic material to protect wafers in the first
compartment from metals contamination. There is minimal
contact between the wafer and each component holding the
wafer in the first compartment. The means (e.g.,
electric motors, cylinders and lead screws) actuating
35 motion of the wafer holding components are disposed in
the third compartment. The actuating means, described



transfer of the wafer fromthe wafer take-off transport to the wafer

pl acer; 25 FIG 13 is a cross sectional viewsimlar to Fig. 12 but
with the wafer dryer and the wafer take-off transport renoved and
illustrating placenent of the wafer in a cassette at a wafer exit station
of the apparatus; FIG 14 is an enlarged, fragnentary cross sectional 30
viewsimlar to Fig. 9 showi ng a wafer Einsing device; and FIG 15 is an
enl arged, fragnentary front el evationaf>view sinilar to Fig. 2 and show ng

the vafer riQ&&ﬂQ fﬁ?ifehereafter, are substantially isolated from the
first compartment so that particle generated by the
actuating means does not contaminate the wafers. 1In
addition, the wafer entry station 58, scrubber rollers 88
5 and spin dryer 104 are vertically arranged one above the
other. The air flow through the first compartment of the
housing 20 is generally vertically downward so that
particles are pushed in the opposite direction from the
travel of the wafer from the entry station 58 to the spin
10 dryer 104. Moreover, by holding the wafers vertically
upright at all locations in the apparatus, only a thin
edge is presented perpendicular to the direction of air
flow, making it less likely that any particles entrained
in the air flow will be deposited on a face of the
15 wafers.

Referring now to Figs. 3, 4 and 6, actuation of the
wafer picker 66 to remove a wafer S from the wafer
cassette Cl at the wafer entry station 58 is-illustrated.
The bracket 76 connects the wafer picker arm 72 to a lead

20 screw 134 mounted on a platform 136 in the third
compartment. The lead screw 134 is selectively driven by
an electric motor 138 also mounted on the platform 136
and connected to the lead screw by a belt 140. The
platform 136 is mounted by four sleeves 142 (only one is
25 shown) on vertically extending rails 144 mounted on the
front wall 56 of the third compartment. A pair of
cylinders 146 mounted on the front wall 56 are operable
to move the platform 136 and hence the wafer picker arm
72 between a lowered position in which the fingers 74 of
30 the wafer picker 66 are below a wafer in the cassette Cl
and a raised position in which the fingers are located
above the cassette. A resilient positioning stop (not
shown) is engageable with the platform 136 in the raised
position to precisely locate the platform. In operation,
35 the platform 136 is dropped by action of the cylinders
146 so that the wafer picker fingers 72 are below the



6 Corresponding reference characters indicate corresponding parts

t hroughout the several views of the drawi ngs. Detailed Description of the
Preferred Enbodi nents 5 Referring now to the drawi ngs, and in
particular to Figs. 1-3, apparatus for use in cleaning sem conductor wafers
I's shown to conprise a housing, generally indicated at 20, substantially
encl osing a volune to be isol at ed. Thﬁgpousing extends through a wall W
bet ween a 10 cl ean room which is t vantage fromwhich Fig. 1 is seen

and a servic i ' e vantagqe fr lch Bg. 3] n. Only
fragnmentary %g;t%%gang@%f %{é}?es'%\}té% C{I}V%Ltr %Elgh r\%rr%r\é\%nt éjflh%tﬁlsﬁ r?gﬂissf%%glﬁ'ends are
i | lustrated iThe Feotdradidfgs.s Fnengdzedorcofturite theudieag iserehe 184edior

moving the wafer picker arm 72 forward under the next
wafer in the cassette Cl. The cylinders 146 are then re-

5 activated to 1lift the wafer S up out of the cassette. A
sensor (not shown) such as a photoelectric eye is
positioned to detect whether a wafer has been
successfully removed from the cassette Cl by the wafer
picker 6€6.

10 The first wafer transport arm 80 is connected in the
third compartment by the bar 84 to a slide 148 on a
vertically oriented lead screw 150 mounted on the front
wall 56 of the third compartment. The lead screw 150 is
connected by a belt 152 to an electric motor mounted 154

15 on the front wall 56 operable to drive the lead screw for
moving the first wafer transport arm 80 to selected
locations along the length of the slot 86. If the wafer
S is to be cleaned by the wafer scrubber rollers 88 the
first wafer transport 68 stops at a position in which the

20 upper portion of the wafer extends between the scrubber
rollers and the lower edge margin is just above the wafer
spin pins 96. This position is illustrated in phantom in
Fig. 7 of the drawings.

Referring now to Figs. 3, 4, 7 and 7A, the wafer

25 spin pins 96 extend through the rear double wall 32 of
the first compartment, the front wall 56 of the third
compartment and a pair of spaced apart stands 156 (Fig.
4) in which they are mounted for rotation about their
longitudinal axes. At their rear ends (Fig. 3), the spin

30 pins 96 have pulleys 158 affixed to them which receive a
belt 160 connecting the pins to an electric motor 162
capable of selectively driving the rotation of the pins.
The motor 162 is attached by way of a motor mount 164 to
the rear of the two stands 156. The stands 156 are fixed

35 to a plate 166 connected by slides 168 to a pair of rails
170 for motion in a front to rear direction relative to



15 room contains two conpartnents, inside the first of which

sem conduct or wafers are processed (i.e., cleaned and dried, or sinply
dried). The first conmpartnent is defined in part by a top wall 22, a
portion of a bottomwall 24 of the housing 20, a front wall 26, a right
side 20 wall 28, a double left side wall (including inner and outer
panel s 30A and 30B), and a double rear;gvall (Fig. 4) (including inner and
outer panels 32A and 32B). The second conpartnent in the clean roomis

defined by athdrhbek: ?IQ@S'Oﬁmpﬁlkh%yﬂghhﬁg‘wablc%ﬂne@t%@ptwakhe34 25
| eft and rlgE& si de wa e5|%nated d 38, respectively) a front wall
I

40 and a bacRIf&F 185 afky=dsdn QQWEPW§m§@t 83 $bfaPafESt RELHRRY: an
conpar t ment Exeented peedrd oo MRRLWE AL @ndnaotnhlmd FQ@UD&T)'[ maptd ef the

housing in m@%%@ac %Qagb%ﬁki%%“N%%%Q% E%rs% ﬁaﬁln s 1n %1g 7). A
5 stop (not shown) precisely positions the plate in the
extended position. The rails 170 are connected to a
platform 174 mounted on the front wall 56 of the third
compartment which also mounts the arms 62 of the wafer
entry station 58 (Fig. 4).

10 If the wafers are to be cleaned using the scrubber
rollers 88, the first wafer transport 68 carries the
wafer from just above the wafer entry station 58 (shown
in solid lines in Fig. 7), to a position in which about
the upper half of the wafer extends between the scrubber

15 rollers (shown in phantom in Fig. 7). The air cylinder
172 is then activated to move the spin pins 96 from the
retracted position to the extended position. The fingers
82 of the first wafer transport 68 and the spin pins 96
are offset so that grooves 176 on the ends of the spin

20 pins underlie the lower peripheral edge of the wafer.

The first wafer transport arm 80 is then lowered to set
the wafer 8 in a vertically upright position in the

grooves 176 of the sgpin pins 96, as is shown in Fig 7A.
The motor 162 is energized to rotate the wafer S about

25 its center at the same time the wafer is scrubbed by the
scrubber rollers 88. After scrubbing, the hand-off
procedure is reversed. The first wafer transport arm 80
is moved upward to lift the wafer off of the spin pins
96, which are then retracted by action of the cylinder

30 172.

Referring now to Figs. 3, 4, 8 and 8A, the motor 154
iz energized to drive the first wafer transport arm 80
upward through the scrubber rollers 88 to a position
behind the second wafer transport 70 (shown in phantom in

35 Fig. 8). The second wafer transport arm 98 is mounted in
the third compartment to a vertically oriented first



30 handl i ng conponents in the first conpartnent is |ocated. The space
bet ween the panels of each double wall 30, 32 is exhausted and drained. A
drain 43 for draining the space between the inner and outer panels 32A, 32B

of the rear double wall is shown in Fig. 4. Asimlar drain 7 (not
shown) drains the space between the inner and outer panels 30A, 30B of the
| eft side double wall. The front wall of the first conpartnent includes

an upper door 44 and a | ower door 46 nounted by respective pairs of 5

pol yneri c br?§5e5814% ae@%%%kedbyoshaaee0§§bngofgrpa@@ee%n@seﬁgylabvot'ng
each door ween qpen and
mounted on a second plate 184 fixed to a third plate 185.
A first air cylinder 186 connected to the first plate
178 and the third plate 185 is operable to move the first
5 plate and the second wafer transport arm 98 relative to
the second plate 184 and third plate between extended and
retracted positions. The third plate 185 is connected by
glides 187 (Fig. 4, only two are shown) on two rails 188
mounted on the front wall 56 of the third compartment. A

10 second air cylinder 190 mounted at one end on the front
wall 56 and at an opposite end to the third plate 185 is
operable to conjointly move the first, second and third
plates 178, 184, 185, and the second wafer transport arm
98, between a lowered position and a raised position.

15 Just prior to receiving a wafer for transport to the
spin dryer 104, the second wafer transport arm 98 is in
its lower and forward position to permit the first wafer
transport arm 80 to move into registration with the
second wafer transport arm as shown in Figs. 8 and 8A.

20 The first air cylinder 186 is then activated to move the
second wafer transport arm 98 rearwardly so that the
distal ends of the pegs 100 extend between the fingers 82
of the first wafer transport arm 80 and underlie a lower
edge of the wafer 8. The rearward or retracted position

25 of the second wafer transport arm is precisely controlled
by a positioning stop 191A (Fig. 9) engageable with a
projection (not shown) from the plate 178. The first
wafer transport 68 is then lowered to set the wafer S
onto the pegs 100 in a vertically upright position (Fig.

30 84), and continues downward back to a position for
recelving another wafer from the wafer picker 66 in the
manner previously described. The first air cylinder 186
is reactivated to move the second wafer transport arm 98
back to its forward position. As illustrated in Fig. 9,

35 the second air cylinder 190 is then activated to move the

second wafer transport arm 98 to its raised position, in



cl osed position. The rear portion of the housing is a third conpartnent
which as shown in Fig. 3 is defined by 10 anot her extension of the bottom
wal |l 24, a top wall 50, two side walls 52 and two side-by-side rear doors
54. Only fragnentary portions of the rear doors 54 are shown in Fig. 3, but
they are pivotally nmounted to respective side walls 52 of the third
conpartnent for pivoting 15 betmeenvgfened and cl osed positions. In the
cl osed position, the rear doors 54 co t he open back of the housing 20.

The wal | s of £ 3D d d LI t,ments _of_ . [
descri bed thﬁ%gﬁgfr%%ébﬁhgg%b tggéﬁ%?a ?%?%Egﬁg%areﬁtﬁésé§3?€'?%féggp
Lexan). A fréfiB2dFional) 56 enceweaitier witdnpdet pateadi8®ca®™ to the rear

doubl e wal | $2%¢ofi sleh& ddsSic ieRMRHt BRRMonS wa reheetra@fsport arm 98 with
respect to the spin dryer 104.

5 Referring now to Figs. 3 and 10, the upper and lower
jaws 106, 108 of the wafer sgpin dryer 104 are pivotally
mounted by respective rocker arms 192 on the inside
diameter of a hollow, open ended rotor 194 mounted an
annular bearing 196 for rotation on a spin dryer fixture

10 198 attached to the front wall 56 of the third
compartment. The rotor 194 is connected by a belt 200 to
an electric motor 202 mounted on a bracket 204 above the
spin dryer 104 and capable of rotating the rotor and
connected jaws 106, 108. The rear ends of the rocker

15 arms 192 are pivotally connected by links 206 to an
actuator. tube 208 coaxial with the rotor 194 and received
through a bearing 210 in the rear end of the rotor. The
actuator tube 208 rotates conjointly with the rotor 194.
A pair of air cylinders 212 are joined to the actuator

20 tube 208 by a connector 214 attached to a bearing 216
mounting the rear end of the actuator tube for rotation
relative to the cylinders, but fixing the actuator tube
for conjoint linear motion with the cylinders. The
cylinders 212 are supported by a platform 218 mounted on

25 the fixture 198. The upper and lower jaws 106, 108 of
the spin dryexr 104 are shown in their closed pogition in
solid lines in Fig. 10. The links 206, rocker arms 192
and jaws 106, 108 are shown in their copen position in
phantom in Fig. 10. Thus, it may be seen that when the

30 actuator tube 208 is moved forward by the cylinders 212,
the links 206 pull the rocker arms 192 so that they swing
the jaws to the open position.

The first air cylinder 186 of the second wafer
transport 70 is activated to bring the wafer S into the

35 open upper and lower jaws 106, 108 of the spin dryer 104.
A positioning stop 213 is engageable with the plate 178



al um num approxi mately one inch thick upon which various actuating
mechani sns of the apparatus (described hereinafter) are rigidly nounted. 25
Referring now particularly to Fig. 2, the apparatus is shown to conprise a
waf er entry station, indicated generally at 58, for receiving wafers S
(only one is shown, in phantom) held in a vertical orientation in a
cassette ClL. The wafer cassette Cl is nventional, 30 contacting the
wafers S only at a few discrete locati'ons along their edges. The top and

bot t om of thgocgﬁa%t %e%a%re% 9D %H\)@?Lo\éﬁalt %l%%f%es agll itates

aut omat ed renov l"acement ers ntr Station.58
further |ncIGb@s?&gﬁréﬁ@p&ﬁeﬁ@ec@ﬁ§@§nﬁr?§r 1@#erfp®wnt§ﬂpsﬁgel@fwﬁh@h t he

cassette Cl HawkeedleVedoand helsd Rakwaenez Bals 10k IYRROkhAKEEL2 JrF t he
tank. In
of the second wafer transport arm 98, and the first
5 cylinder 186 is reactivated to move the arm forwardly out
of the spin dryer 104. The wafer S is then held in a
vertical orientation only along its upper and lower edge
margins by the pegs 110 of the jaws.
If the wafer S is scrubbed by the scrubber rollers
10 88, it will be rinsed with deilonized water after mounting
in the spin dryer 104. The back side of the wafer is
rinsed by water from a rinse tube 220 coaxially mounted
with the actuator tube 208 and connected at its rear end
to a fluid coupling 222 mounted on the platform 218. The
15 rinse tube 220 is fixed relative to the actuator tube 208
and is capable of supplying a spray of water to the back
face of the wafer held in the jaws 106, 108.
Referring now to Figs. 14 and 15, the front side of
the wafer is rinsed by operation of a rinsing device
20 indicated generally at 224. The rinsing device includes
a splash box 226 cantilevered by a beam 228 on the right.
side wall 38 of the second compartment and extending
through the left side double wall 30 of the first
compartment. The splash box 226 is located in front of
25 the spin dryer 104 near the top of the dryer, and
includes a partial interior wall 230 defining two
interior compartments opening to a third interior
compartment having a drain 232. A water line 234
connected in an opening 236 on a side of the box 226
30 opposite the spin dryer 104 is capable of delivering a
stream of deionized water through a first of the two
interior compartments defined by the partial wall 230.
The water stream passes through an opening 238 in the
partial wall 238, and across a second of the two interior
35 compartments. The water stream leaves the box 226



8 anot her enbodi nent (not shown) support arns are constructed for
supporting the entry wafer cassette ClL fromunder the cassette. An

advant age of support fromthe bottomis that wafer cassettes of different 5
configurations are nore readily held by the same support arns. Deionized
water is constantly fed into the tank 60 and overflows into a trough 60A
around the upper perineter of the tank;4o keep the environnment within the
tank clean. The trough 60A is connected to drains (not 10 shown) for

removi ng t he MR W iVdrfin P Maohe if R bppdRdid Afieneszles &hizrent ed
by a bracket ,63 are, |,ocated :
box and impinges upon the wafer.
A deflector arm 242 is pivotally mounted in the
second compartment by a bracket 244 connected through the
5 back wall 42 of the second compartment on the aluminum
front wall 56 of the third compartment. The arm 244
extends through right sidewall 38 of the second
compartment, the left side double wall 30 and into the
first compartment. A pair of deflector shields
10 (designated 246A and 246B, respectively) depend from a
member 248 at the free end of the deflector arm 244 into
respective first and second compartments of the splash
box 226. The deflector arm 242 is connected to a
pneumatic cylinder 250 in the second compartment which
15 actuates pivoting motion between a lower position shown
in phantom in Fig. 15, in which the deflector shields
246A, 246B are interposed in the path of the water stream
so that all of the water is deflected into the third
compartment and out the drain 232, and a raised position
20 shown in solid lines in Fig. 15, in which the water
stream is free to pass through the openings 234, 236, 238
in the splash box 226 and onto the wafer S. The
deionized water stream is delivered continuously from the
water line 234, and rinsing is controlled solely by the
25 position of the deflector shields 246A, 246B. It has
been found that if only a single shield and single
compartment in the splash box (not shown) is used that
water may migrate around the single deflector shield and
out of the splash box onto the wafer. However, it is to
30 be understood that a single compartment box and single
deflector shield, or multiple compartments and deflector
shields may be used without departing from the scope of
the present invention. The rinse device 226 of the
preferred embodiment may be selectively turned on and off
35 without the use of solenoids and valves which can

introduce contaminants to the water. In practice, the



up and to the right of the overflow tank 60 and spray water onto the
surface of the water in the overflow tank to sweep water at the surface of
the tank into the trough 15 60A for keeping the surface water clean.
First wafer transfer nmeans for transferring one wafer at a time fromthe
wafer entry station 58 for cleaning and drying or drying al one w thout
changing the vertical orientation of t waf er is designated generally 20
at 64. The first wafer transfer means 1 ncludes a wafer picker and first

and second vafg{gd rERSRY 15 s dasi %a&seéi tﬂﬁi“eerzaid Yo A é&&fﬁfé&w nurer al s

66, 68 and 70 respectively. The wafer picker 66 1ncludes an arm /72 and
three spaced SHFRY Wabfjerditoy QRpPasice eif dthe ey S fghd ithe upper

end of the ardAe/Zpin GDRRECtATL ta aHY ake! tAteeXt ek Nthdtaliial Inhd 0 the
left (as See@fﬂ%e cycle may constitute about five seconds during the
5 spin dryer 104 is accelerating up to its drying speed.

To dry the wafer, the electric wmotor 138 is
energized to rotate the jaws 106, 108 at speeds between
1,500 and 2,200 rpm which causes liquid on the wafer to
be thrown off of the wafer. The jaws 106, 108 are

10 relatively massive as compared to the wafer (e.g., the
jaws weigh 20 pounds in the preferred embodiment) so that
there will be substantially no vibrations as the jaws
rotate. An annular outer shield (generally indicated at

- 252) surrounding the jaws 106, 108 in the first

15 compartment is mounted on the front wall 56 of the third
compartment and extends forwardly through the double rear
wall 32 into the first compartment. The outer shield 252
includes a base 252A and an annular rim 252B .connected to
the base, which catch the liguid thrown radially out from

20 the wafer and guide it to a drain 254. The outer shield
252 is constructed to prevent ligquid from dripping back
down onto the wafer S after it is thrown off. More
specifically, the base 252A has an annular channel 256 in
its forward face which curves radially inwardly. The rim

25 has a angled surface 258 which guides liquid thrown from
the wafer into the channel 256. A surface 260 of the
base 252A radially inwardly of the channel 256 flares
outwardly to guide liquid toward the channel. The
radially inward extension of the channel 256 permits the

30 channel to retain ligquid guided into it by the rim 252B,
rather than dripping back down onto the jaws 106, 108 and
the wafer. 1Instead, the liquid travels downwardly in the
channel 256 where it passes into the drain 254.

The upper and lower Jjaws 106, 108 are similarly

35 congtructed to prevent liquid from dripping back down
onto the wafer S. The upper and lower jaws each include



Fig. 2) and rearwardly through a vertical slot 78 in the double rear wall
32 of the first conpartnment and front wall 56 of the third conpartnent of
t he housing where it 30 connects to actuating nmeans to be descri bed
herei nafter. The wafer picker 66 is capable of lifting one wafer S at a
time out of the cassette ClL to a position above the cassette where the
wafer is passed off fromthe wafer picker to the first wafer transport 68.
35 The first wafer transport 68“has an arm 80 fornmed with four

spaced apart &'QgﬁisaﬁﬁuﬁQE PQRdRHQSEBEa@@EGEsz agdszslpecéhﬂggggngoare
offset fromthe fingers 7/ t he
the jaws. A semi-annular channel 266 in each of the jaws
106, 108 adjacent to the rims 262, 264 curves radially
inwardly, in the same fashion as the channel 256 in the
5 outer shield 252. 1In the closed position of the jaws,
the semi-annular rims 262, 264 and semi-annular channels
266 cooperate to form substantially continucus annular
structures. Inner surfaces 268 of the rims 262, 264 are
angled outward toward the channels 266, and surfaces 270

10 on the jaws 106, 108 radially inward of the channels
flare outwardly so that water thrown off of the wafer S
is guided toward the inner surfaces. The radially inward
extension of the channels 266 retains liquid in the
channels rather than permitting liquid to drip off of the

15 jaws 106, 108 back onto the wafer S. After rotation of
the jaws 106, 108 is stopped, the liquid in the channels
266 flows out of the jaws through gaps (not shown)
between the jaws 106, 108 and their respective rims 262,
264 to the outer shield 252 and on to the drain 254.

20 The wafer take-off transport 114 has substantially
the same construction as the second wafer transport 70,
except that the wafer take-off transport arm 120 is
mounted for horizontal motion laterally of the housing.
Referring now to Figs. 3, 5 and 11, the wafer take-off

25 transport arm 120 extends through the slots 122 and is
connected to a first plate 272 attached by slides 274 to
a pair of rails 276 mounted on a second plate 278
parallel to the first plate. The second plate 278 is
fixedly connected to a third plate 280 oriented generally

30 perpendicular to the first plate 272 and the second
plate. A first air cylinder 282 connected to the first
plate 272 and the third plate 280 is operable to move the
first plate and wafer take-off transport arm 120 relative
to the second plate 278 between two horizontal positions.

35 The third plate 280 is connected by four slides 284 (Fig.
5, only two are shown) on two horizontally extending



waf er picker 66, which facilitates the passing off of the wafer S fromthe
waf er picker to the first wafer transport 68 (Fig. 6A). The first wafer
transport arm80 5 is connected at its right end to a bar 84 (Fig. 6)
extendi ng through a vertical slot 86 in the rear double wall 32 of the
first conpartment and front wall 56 of the third conpartnent to other
actuati ng neans described in detail her inafter. The first wafer transport
68 can be 10 noved upward directly t 4 he second waf er transport 70 if

the wafer S i y d,_or.in diately_to_a _pai[,of .rotary
waf er scrubbe? QT%Igég qugEégc ga%Pﬁg% ng ?ii g?hgfsEBﬁbEBPrﬁollers 88
ext end t hr ougfRoPR8YFEERtsi de 15 doubl e mall 30 of the first conpartnent

and the right sideavwgkbodd 8hrtbg1$888Pd268"RBLLFEAL GWNERE EDEN: 811
56 and on to the third plate 280 is operable to
5 conjointly move the first, second and third plates and
wafer take-off transport arm 120 between a position in
horizontal registration with the spin dryer 104 and a
position in generally above the wafer placer 116. A pair
of positioning stops 283 (Fig. 3, only one is shown)

10 engageable with a projection (not shown) of third plate
280 to precisely locate the wafer take-off transport arm
120 in the two horizontal positions. The first air
cylinder 282 is operable, when the wafer take-off
transport arm 120 is in registration with the spin dryer

15 104, to move the arm rearwardly into the spin dryer. A
positioning stop 289B is engageable with a projection
289C of the plate 272 to precisely locate the wafer take-
off transport arm 120 within the wafer dryer-104. The
upper and lower jaws 106, 108 are then opened to set the

20 wafer on the pegs 118 of the wafer take-off transport arm
120, and the first air cylinder 282 activated to move the
arm forwardly out of the spin dryer 104. The wafer take-
off transport arm 120 is moved laterally to its position
above the wafer placer 116 by reactivating the second

25 cylinder 288. Air cylinder 282 is reactivated to move
the wafer take-off transport arm 120 rearwardly until the
projection 289C of plate 272 engages position stop 289D
which precisely locates the wafer S with respect to the
wafer placer arm 124.

30 Referring to Figs. 3, 5 and 11-13, the wafer placer
arm 124 extends rearwardly and splits into two parts,
each passing through a respective one of the two vertical
slots 128 in the rear double wall 32 of the first
compartment and the front wall 56 of the third

35 compartment. Both parts of the arm 124 are attached to a
plate 290 in the third compartment which is connected by



connected to an electric notor 90 by a belt 92. The notor 90 is nounted by
a bracket 94 to the right side wall 38 of the second conpartnent and may be
sel ectively 20 energi zed for conjointly rotating the scrubber rollers 88
about their |ongitudinal axes. Ceaning solution lines 93 drip a cl eaning
liquid (e.g., amoni um hydroxi de) onto each of the scrubber rollers 88.

Al t hough the notor 90 and bracket 94 | d be seen through the transparent
25 walls 30, 38 of the first and secdnd conpartnents, it has been omtted

fromthe cros CLi ' i S. d rity. If the water S
Is to be cIeaﬁ%%?_%%g&%%rgfgag?ég't?éné%o ttgé %g%rgégw%tetaa aﬁﬁ %d .
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transport 68 k%oﬁ@pﬁgif 82 is attached at its lower end to the plate
5 290 for actuating movement of the plate and wafer placer
arm 124 between raised and lowered positions. After the
wafer take;off transport arm 120 is moved to its position
over the wafer placer 116, the air cylinder 296 is
activated to raise the wafer placer arm up through the
10 open bottom and open top of the cassette C2. A
positioning stop 297 engages the plate 290 in its raised
pogition to precisely locate the wafer placer arm 124.
The notch 127 receives the lower center peg 118 of the
wafer take-off transport arm 120 so that the upper end of
15 the wafer placer arm 124 passes above the pegs (Fig.
127A). The wafer S is lifted off of the pegs 118 and is
supported by the wafer placer 116 in the groove 126 of
the wafer placer arm 124. The first air cylinder 282 of
the wafer take-off transport is re-activated to move the
20 wafer take-off transport arm 120 forward to a third
horizontal position. The wafer S is now clear to be
placed in the cassette C2 at the wafer exit station 112.
The support arms 130 of the wafer exit station 112
extend through holes in the rear double wall 32 of the
25 first compartment and in the front wall 56 of the third
compartment are joined to a common slide 298 connected to
a lead screw 300. The lead screw 300 is driven by an
electric motor 302 connected to the lead screw by a belt
304 for moving the arms 130 and wafer cassette C2 carried
30 thereby for placement of each wafer in an adjacent slot
of the cassette. The lead screw 300 and motor 302 are
mounted on a plate 306 connected to the front wall 56 of
the third compartment by a brace 308. In its raised
position, the wafer placer arm 124 extends through the
35 wafer cassette C2 in registration with one of the slots
in the cassette. After the wafer placer arm 124 receives



passing off the wafer Sin this position to wafer spin pins 96 (Fig. 7A)
for rotating the wafer, as it is being scrubbed by the rotating rollers 88,
about an axis 35 per pendi cular to the wafer and extending through its
center. The wafer spin pins 96 extend through the rear 10 double wall 32
of the first conpartnent and the front wall 56 of the third conpartnent to
a rotary actuator nmechanism (to be desﬁiibed) for rotation about their

| ongi tudi nal axes. Front and rear rinse nozzles 5 (desi gnated 97A and

97B, respect iyl Yoh rERUNteR QN LIRakeR A 9o% 92aLed i9LERAN P ve the
respectively) spray . a i o
wafer placer arm to its lowered position, thereby setting

the wafer in the slot. The motor 202 is energized to
index the wafer cassette C2 so that the next empty slot

5 in the cassette is aligned with the wafer placer arm 124.
The wafer cassette C2 is thus positioned for placement of
the next dried wafer in the slot adjacent to that in
which the preceding wafer was placed. It will be noted
that the wafers are placed in the exit wafer cassette C2

10 in the same order as they were arranged in the entry

wafer cassette. Thus, the identity of each wafer is
maintained after cleaning and drying.

In view of the above, it will be seen that the
several objects of the invention are achieved and other

15 advantageous results attained.

Ags various changes could be made in the above
constructions without departing from the scope of the
invention, it is intended that all matter contained in
the above description or shown in the accompanying

20 drawings shall be interpreted as illustrative and not in

a limiting sense.



rinsing liquid (e.g., deionized water) onto the front and back portions of
the wafer above the rollers 88 as the wafer is being scrubbed. 10
After cleaning by the scrubber rollers 88, the wafer Sis passed back to

the first wafer transport 68 and carried up to the nsport
70. The rinse nozzles 97A, 97B spray the wafer as i@ ig ﬂ[@ g‘m% By t he
first wafer transport 68 from between t{he rollers

entire front and rear surfaces of the mafer are rinsed of cleaning

sol ution. Thepgeconrd wal@fed rasport conprises an arm 98 with a generally
hook shaped end and five p 100 (broadly, "finger means") projecting
Tateisa e h

rearwardly at spaced AP tﬁ%élﬁ?n ith @wpma SIEFTEAY (Fi g. 4) 
The pegs 100 sl @fddaritdr arafdies [ ingersp3daiud hoddrisdingaf er transport

arm 80 to a wafer entry station for receiving multiple wafers
held in a vertical orientation;

5 first wafer transfer means for transferring one
wafer at a time from the wafer entry station without
changing the vertical orientation of said one wafer;

a spin dryer constructed for receiving said one
wafer from said first wafer transfer means and holding
10 sald one wafer in a vertical orientation, the spin dryer
being rotatable about an axis passing generally through
the center of said one wafer received from said first
wafer transfer means at a rate of rotation selected to
throw liquid on said one wafer off of the wafer;
15 second wafer transfer means for transferring said
one wafer from the spin dryer in a vertical orientation;
a wafer exit station for receiving said-one wafer
from said second wafer transfer means in a vertical

orientation.

2. Apparatus as set forth in claim 1 wherein said
first and second wafer transfer means are constructed for
holding said one wafer solely along a lower edge margin

of said one wafer.

3. Apparatus as set forth in claim 2 wherein said
first wafer transfer means comprises a wafer picker
including an arm and finger means on an end of the arm,
the wafer picker being movable generally vertically

5 downwardly to position said finger means at a level below
the wafers in the wafer entry station, movable generally
horizontally to position said finger means under said
lower edge margin of said one wafer and movable
vertically upwardly to lift said one wafer out of the

10 wafer entry station.
This Sheey |

i



facilitate transfer of the wafer S fromthe first wafer transport 68 to the
second wafer transport 70 (Fig. 8A). The second wafer transport arm 98

extends through a 25 vertical slot 102 in the rear dou of t he
first conpartnment and the front wall 56 of thethlr “ “ Lre it
I's connected to still other actuating neans descrl er.> The
second wafer transport 70 carries the fer Sto 30 a spin dryer,

generally indicated at 104, constructed for receiving the wafer fromthe

first wafer transport zﬁﬁp@f@h&@%r@eéh&f@i%n'&&w%twl&@éeﬂ{'%‘i@t'0”
The spin dryer, 104 has an u %aw 106 and a | ower jaw 108 which can be

aut omat i cal | y- U@ ¥eF & Ahgieaes wBterhey 3BPmpiess thrge il waf er
transport 70,sershd|wshsl torsepsecd htomefefe i Wi A&y @ne Regfed 16-&0 t he

upper and lcw@he wafer picker and transporting the wafer to the spin
5 dryer, the first wafer transport comprising an arm and
finger means on the arm, the first wafer transport and
wafer picker being relatively movable to position said
finger means of the first wafer transport under said
finger means of the wafer picker, said finger means of
10 the first wafer transport being offset from said finger
means of the wafer picker whereby upon relative vertical
movement between the wafer picker and first wafer
transport said one wafer is transferred to said finger
means of the wafer transport, said second wafer transport
15 comprising an arm and finger means on the arm, the first
and second wafer transports being relatively movable to
position said finger means of the second wafer transport
under said finger means of the first wafer transport
where upon relative vertical movement between the first
20 and second wafer transports said one wafer is transferred

to said finger means of the second wafer transport.

5. Apparatus as set forth in claim 4 wherein the

spin dryer comprises first and second jaws and a
plurality of pegs connected to the first and second jaws,
the jaws being pivotable between an open position and a

5 closed position in which the pegs are adapted to grip
said one wafer and hold said one wafer for spinning, the
second wafer transport being movable to bring said one
wafer into the jaws in their open position, said finger
means of the second wafer transport being offset from the

10 pegs to permit the pegs to move past said finger means to
the closed position for gripping said one wafer.
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jaws 106, 108 engage the wafer S along the peripheral edge margin of the
wafer to hold it in the dryer. The pegs 110 are offset fromthe pegs 100 on

the second wafer transport 70 to facilitate th mafer 5
(Fig. 10). The upper and | ower jaws 106, 108 E‘"l‘ﬁml B]Hl 104 are
connected through the rear double wall 32 of t Ers o'orrpar*rrent and the
front wall 56 of the third conpartnent o0 a rotary actuator mechani sm

descri bed hereinafter for rotating the dryer about an 10 axi s passing

generally thr ough & he 2&&%&%?@% e%%g?g@rﬁéfﬁglgéhé]leégg gr%g%r? dheg %Jg%nrg:ger
104 rotates aéecégg sgger tﬁgnsfer means comprlses a wafer take- off '

te transport for taking said one wafer out of the spin

dryer, the wafer take-off transport comprising an arm and

5 finger means on the arm, the wafer take-off transport and
spin dryer being relatively movable to position said
finger means of the wafer take-off transport under the
pegs of the spin dryer in the closed position, said
finger means of the wafer take-off transport being offset

10 from the pegs of the spin dryer whereby upon movement of
the jaws to the open position said one wafer is
transferred to said finger means of the wafer take-off

transport.

7. Apparatus as set forth in claim 6 wherein said
second wafer transfer means further comprises a wafer
placer including an arm and finger means on an end of the
arm, the wafer take-off transport and wafer placer being

5 relatively movable to position said finger means of the
wafer take-off transport under said finger means of the
wafer placer, said finger means of the wafer take-off
transport being offset from said finger means of the
wafer placer whereby upon relative vertical movement

10 between the wafer placer and wafer take-off transport
said one wafer is transferred to said finger means of the
wafer placer, the wafer placer being movable generally
vertically downwardly to deposit said one wafer in the

wafer exit station.

8. Apparatus as set forth in claim 1 wherein the
spin dryer is located above the wafer entry station.
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throw liquid off of the wafer. The spin dryer 104 is relatively massive
(e.g., 20 I bs.) relative to the wafer 15 to mnimze vibrations during

dryi ng. Second wafer transport means of the a mﬂ
transferring the wafer fromthe spin dryer 10W ‘\E‘“ sette C2 at a
waf er exit station (generally indicated at 11 onpt i ses %a waf er take- of f

20 transport and a wafer placer (desiggnated generally by reference
nunerals 114 and 116, respectively). Pegs 118 (broadly, "finger neans") on

a hook shaped endg of éifgt&goaﬁfsébefM@tEEriﬁa&EaQ&f9tf@ﬁ§l@@ft 114 are
recei vabl e bet ween g@&s 110 on the spin dryer 104 novi ng the 25

waf er S fronf?HRTH? PRPGSL1a9) WaLehSGRRPSY okRL ‘F’Fst andhort arm 120
ext ends rearbarwynt theughfar pahtrof spat abh ednd hohe zepial dslersfdz2 in the
rear double s r&bggng said one wafer, the wafer scrubber rollers

5 being located above the wafer entry station and the spin

dryer being located above the wafer scrubber rollers.

10. Apparatus as set forth in claim 10 further
comprising wafer spin - pins disposed generally below the
scrubbing rollers for holding said one wafer and rotating
the wafer as it is engaged by the scrubbing rollers, the

5 wafer spin pins being constructed for holding said one
wafer in a vertically upright position by engagement only
along its peripheral edge margin.

11. Apparatus as set forth in claim 10 further
comprising a wafer rinsing device for rinsing the wafer,
the rinsing device comprising a spray nozzle .adapted to
continuously deliver a stream of rinsing liquid in a

5 direction to engage a face of the wafer, and a deflector
for deflecting the stream of water away from the wafer.

12. Apparatus as set forth in claim 12 wherein the
deflector comprises a splash box having first and second
compartments separated by a wall, a plurality of
substantially aligned openings, the spray nozzle being

5 constructed for delivering said stream of rinsing liquid
through the aligned openings, and deflector shields
mounted for being selectively interposed in the stream of
ringing liquid to deflect the liquid from the wafer.
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of the first conpartment and the front wall 56 of the third conpartment
where the armis connected to an 30 actuati ng nmechani sm descri bed
hereinafter. The wafer S is noved laterally fromthe spin dryer 104 by the

waf er take-off transport 114 to a position over tﬂﬂl“ﬁﬂﬂﬂlﬁﬁ“ﬂiﬁlﬁtlon 112
(where it is shown in Fig. 2). As best seen in Fi he waf er
pl acer 35 116 conprises an arm 124 haying a genefal iy & ar duafe groove 126
at its upper end sized to receive a | ower edge 12 margin of the wafer S.

A notch 127 in the;gentgryefatie 4PPSE: eRG-Oh 1hE AL 124,k 814804 O

receive the | ower
spln dryer comprises first and second jaws and a

plurality of pegs connected to the first and second jaws,
the jaws being pivotable between an open position and a

5 closed position in which the pegs are adapted to grip
said one wafer and hold said one wafer for spinning.

14. Apparatus as set forth in claim 14 wherein the
jaws are constructed to surround the wafer in the closed
pogition of the jaws, each jaw having an arcuate channel
which is curved in cross section and includes a radially

5 inwardly extending portion to capture liquid thrown off
of the wafer and prevent liquid from dripping back onto
the wafer.

15. Apparatus as set forth in claim 15 further
comprising an annular outer splash shield surrounding the
jaws, the splash shield having an annular channel which
is curved in cross section and includes a radially

5 inwardly extending portion to capture liquid and prevent
liquid from dripping back onto the wafer.

16. Apparatus as set forth in claim 1 wherein the
spin dryer comprises first and second jaws and a
plurality of pegs connected to the first and second jaws,
the jaws being pivotable between an open position and a
5 closed position in which the pegs are adapted to grip
said one wafer and hold said one wafer for spinning.

17. Apparatus as set forth in claim 17 wherein the
jaws are constructed to surround the wafer in the closed
position of the jaws, each jaw having an arcuate channel
which is curved in cross section and includes a radially

5 inwardly extending portion to capture liquid thrown off
of the wafer and prevent liquid from dripping back onto

the wafer.
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center peg 118 of the wafer take-off transport arm 120 so that the wafer
pl acer arm 124 can |ift the wafer off of 5 the pegs 118. The arm 124 is

connected through two vertically extending slots gﬂﬂ ting
mechani sm descri bed hereinafter. The arm 124 is ¢ I@"ﬁ‘” !IEI soci ated
actuating neans at a position below the wafer cassétte | Wafer exit

station 112 and extends up 10 througfythe cassette C2 to the wafer
take-of f transport 114. The wafer placer arm 124 is novable downwardly to

deposi t the vafer el d Apdrtat fd RGeTsRtl 2%yith the CQassetise ruliaanaf er exit

station 112 conpri,ses in the illustrated enbodi nent pair of grms 130 -
which Suppor COMBTLANS BT BRHEE (1 S S0 LAS AL 938 RS o 4 ul |y,
t he waf er exijawst atihen sarlraehl 3thicdd bavingdexed annud afrr @hianine Ir edoicth recti on

(relative to J:[J]Et‘:dwésd g ZCQC)ostsO s%%rtrgo% and includes a radially
5 inwardly extending portion to capture liquid and prevent
liquid from dripping back onto the wafer.

19. Apparatus for use in automatically cleaning
semiconductor wafers, the apparatus comprising:

a compartment substantially enclosing a volume to be
isclated;

5 a wafer entry station for receiving wafers;

first wafer transfer means for transferring wafers
from the wafer entry station, said first wafer transfer
means comprising means for holding wafers and means for
actuating movement of said holding means, said holding

10 means being disposed within the compartment and said
means for actuating movement of said holding-means being
disposed outside the housing, said holding means
extending through the compartment to connect to said
actuating means outside the compartment;

15 a dryer constructed for receiving said one wafer
from said first wafer transfer means and drying said one
wafer;

second wafer transfer means for transferring said
one wafer from the dryer, said second wafer transfer

20 means comprising means for holding wafers and means for
actuating movement of said holding means, said holding
means being disposed within the compartment and said
means for actuating movement of said holding means being
disposed outsgide the compartment, said holding means

25 extending through the compartment to connect to said
actuating means outside the compartment;

a wafer exit station for receiving said one wafer

from said second wafer transfer means.
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the wafer placer 116 to deposit wafers S next to each other in the exit
waf er cassette C2. In another 20 enbodi nent (not shown) support arns are
constructed for supporting the exit wafer cassette C2 fromunder the

cassette. In that event, the wafer placer arm 124mmﬁm1m" lﬂl bet ween
the arns and through the open bottom of the exit a ﬂ Hﬂ, An
advant age of support 25 fromthe botgﬁn1is that waf ér tas$ettes of
different configurations are nore readi'fy held by the sane support arns.

Al'l of the conponeqgs i LSt C t.ar f e, of
fluorinated plasti %2 orﬂgégﬁ?%%%l %S S%élpafn%%mrre%%l ?ll%{rrgra?é?‘?ﬂégrg%qp?%?ect
waf ers in t hed¥Ye5t CeBpphpefeat vaform helding conchanbani bocatedr bngidei ni mal

contact bet vweghe t B6myat eheRPdafACHe£REPEHR M cHRA AL NY +BCation of said
wafer holding mechanism located outside of the
5 compartment.

21. Apparatus as set forth in claim 21 wherein the
compartment comprises at least one double wall including
an inner panel and an outer panel, said holding means of
said first and second wafer transfer means extending

5 through the double wall to connect to said actuating

means of gaid first and second wafer transfer means.

22. Apparatus as set forth in claim 22 wherein the
inner and outer panels of the double wall are spaced
apart, the apparatus further comprising a drain disposed
for draining liquid trapped between the inner and outer

5 panels.

23. Apparatus as set forth in claim 22 wherein said
holding means of said first and second wafer transfer

means is made of non-metallic material.

24, Apparatus as set forth in c¢laim 24 wherein said

wafer holding means are made of a fluorinated plastic.

25. A method for drying a semiconductor wafer in an
automatic drying machine, the method comprising the steps
of:

placing a plurality of vertically upright wafers in

5 a wafer entry station of the drying machine;

lifting each of said plurality of wafers vertically
out of the wafer entry station;

transporting each of said wafers in a vertical
upright orientation to a dryer of the drying machine;



wafer in the first conpartnent. The neans (e.g., electric notors, cylinders
and | ead screws) actuating 35 notion of the wafer hol ding conponents are

di sposed in the third conpartment. The actuating mﬂm mjmﬁ
nore fully hereafter, are substantially isolated uu anartnent
so that particle generated by the actuating neans ‘doés hot "coht am nate the

wafers. In addition, the wafer entry tion 58, scrubber rollers 88 5
and spin dryer 104 are vertically arranged one above the other. The air

flowt hp gugh the fgﬁ%hl AR Al of RRFAQUSINg 2R 2,9908haL) Y
vertically downward so t
upright orlentatlon in a spin dryer of the drying wachine

to remove liquid from the wafer;
transporting each of said wafers in the vertically
upright orientation from the spin dryer to a wafer exit
15 gstation.

26. A method as set forth in claim 26 further
comprising a step of scrubbing each of said plurality of
wafers in a vertically upright orientation, said step of
scrubbing including the step of rotating each of said

5 plurality of wafers about a generally horizontal axis
passing through the center of the wafer as it is being
scrubbed.



particles are pushed in the opposite direction from
fromthe entry station 58 to the spin 10 drye 104é reo é?“%"ﬁ%/ hoI%ﬁng
the wafers vertically upright at all |ocations b Pherigpipar pigds. .:ino)f, ged
thin edge is presented perpendicular to the dirpic Caimej at pagkl QNG a%&éé&gso
it less likely that any particles entrained in LREDawingd)onpaiked | be, .0y 1o
deposited on a face of the 15 waf ers, Referrl ABMaLO F'%edsis g
actuation of the wafer picker 66 to refdve a er..S.fromihe wafée

e —-wearf-e fe—

Comnect s the vafor pi ERERRRERS, S0 EE, 2§ toghiney, bfFERy Iﬁﬁn?rei}cﬁﬁt 0
platform 136 in the third conpartnment. The | ead SCFGM/134 Is selectively

driven by an.£%§%§£é€ gptgﬁejﬁggéigghpgunted on the platform 136

10

15

A semiconductor wafer scrubbing and drying apparatus
is capable processing wafers in a vertical orientation
from start to finish. The apparatus moves the wafers in
a generally vertical direction from an entry station of
the apparatus to a dryer of the apparatus. The wafers
enter the apparatus in a cassette and exit in another
cassette in the same order as they were in the entry
cassette to preserve individual wafer identity. The
apparatus is constructed so that the compartment in which
the wafers are handled is isolated and the components
handling the wafers in that compartment are made of a
fluorinated plastic. The actuators driving the motion of
the wafer handling components are located in another
compartment. A rinsing device in the wafer handling
compartment is activated and deactivate for rinsing one
of the wafers without the use of valves in the rinse

line.
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and connected to the | ead screw by a belt 140. The platform 136 i s nounted
by four sleeves 142 (only one is 25 shown) on vertically extending rails
144 nounted on the front wall 56 of the third conpartnent. A pair of
cylinders 146 mounted on the front wall 56 are operable to nove the

pl atform 136 and nce the wafer picker arm72 between a | owered position
i n which the fin 74 of 30 the wafer picker 66 are below a wafer in
the cassette Cl and a raised position in which the fingers are |ocated
above the cassette. A resilient positioning stop (not shogp) I S engageabl e

with the platform 136 in the raised position to preci | ocate the
platform In operation, 35 the platform 136 |s dr opped|{ by action of the
cylinders 146 so that the wafer plgkgt;;ln 72 are bel ow t he
['34 /ZZ
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14 bottomthe cassette Cl at the rear end of the cassette. The notor 138 is
energized to turn the lead screw 134 for noving the wafer picker arm 72
forward under the next wafer in the cassette Cl. The cylinders 146 are then
re- 5 activated to lift the wafer S up out of the cassette. A sensor (not
shown) such as a photoelectric eye is positioned to detect whether a wafer
has been success;E+E% Egnnved fromthe cassette Cl by the wafer picker 66
10 The fi r transport arm80 is connected in the third
conpartment by the bar 84 to a slide 148 on a vertically oriented | ead
screw 150 nmounted on the front
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wal |l 56 of the third conpartnent. The | ead screw 150 is connected by a belt
152 to an electric notor nounted 154 15 on the front wall 56 operable to
drive the |l ead screw for noving the first wafer transport arm80 to
selected | ocations along the length of the slot 86. If the wafer Sis to be
cl eaned by the wafer scrubber rollers 88 the first wafer transport 68 stops
at a position in which the 20 upper portion of the wafer extends between
the scrubber rollers and the |ower edge margin is just above the wafer spin
pins 96. This po FI AE%S illustrated in phantomin Fig. 7 of the draw ngs.
Referring now to é?) 4, 7 and 7A, the wafer 25 spin pins 96 extend

t hrough the rear double mall 32 of the first conpartnent, the front wall
of the third conpartnment and a e;%; of spaced apart stands 156 (Fig.
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4) in which they are nounted for rotation about their |ongitudinal axes. At
their rear ends (Fig. 3), the spin 30 pi ns 96 have pulleys 158 affixed to
t hem whi ch receive a belt 160 connecting the pins to an electric notor 162
capabl e of selectively driving the rotation of the pins. The notor 162 is
attached by way of a notor nount 164 to the rear of the two stands 156.

The stands 156 ar?fgﬁ%ﬁg§35 to a plate 166 connected by slides 168 to a
pair of rails 170f%r: ion in a front to rear direction relative to 15
t he housing 20. An air cylinder 172 connected to the plate 166 actuates the
novenent of the plate between an

20
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ext ended position (shown in phantomin Fig. 7), and a retracted position
(shown in solid lines in Fig. 7). A5 stop (not shown) precisely
positions the p%gfe i%%the extended position. The rails 170 are connected
to a platform 174/ ed on the front wall 56 of the third conpartnent
whi ch al so nounts the arns 62 of the wafer entry station 58 (Fig. 4). 10
If the wafers e to be eaned usﬁ%ﬁ the scrubper rollers 88, the first

waf er transpo 68 carfi t he waf & om j us ove the mg;ﬁngntry
station 58 ; i Japosition Lfnfvhi ch about
t he upper h I? ofy t he wafer extends be Yt he- Ze#ubbef025 rollers .
(shown in phartoly i néB#q. 4Z_Thesair fFhen activated to
nove the qﬁ?p pi ;%§6 r rnj%Q? oA C) Bl 1. ext ended pokition.
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82 of the first wafer transport 68 and the spin pins 96 are offset so that
grooves 176 on the ends of the spin 20 pi ns underlie the | ower peripheral
edge of the wafer. The first wafer transport arm80 is then |owered to set’
the wafer Sin a vertically upright position in the grooves 176 of the spin
pins 96, as is shown in Fig 7A. The notor 162 is energized to rotate the
waf er S about ?Syé%it center at the sane tine the wafer is scrubbed by the
scrubber rollers . “After scrubbing, the hand-off procedure is reversed.
The first wafer transport arm 80 B&4oved upward to lift the wafer off of
the spin pins 96, whicpr&€e then B&ArxRcted hy-ZR4ion of the cyl soder 30

172. Referr L&l oy ed to
drive the f} fst fer ansport m 8 L -
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upward t hrough the scrubber rollers 88 to a position behind the second

waf er transport 70 (shown in phantomin 35 Fig. 8). The second wafer
transport arm98 is nDunted in the third conpartnent to a vertically
oriented first/:j§%6 | ate 178 attached by slides 180 to a pair of rails
182 nmounted on d plate 184 fixed to a third plate 185. A first air
cylinder 186 connected to tth%'rSt plate 178 and thaé%glrd plate 185 is
operable to nove the firsgb pl ate and the second F)transport arm 98

relative tot d
retractedggppg+tions. The thir ate 185 .is connected by
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slides 187 (Fig. 4, only two are shown) on two rails 188 nounted on the
front wall 56 of the third conpartnent. A 10 second air cylinder 190
nounted at one end on the front wall 56 and at an opposite end to the third
plate 185 is operable to conjointly nove the first, second and third plates
178, 184, 185, and the second wafer transport arm 98, between a | owered
position and a raised position. 15 Just prior to receiving a wafer
for transport to the spin dryer 104, the second wafer transport arm98 is
inits |ower and forward position to permt the first wafer transport arm
80 to nove into reglstrat) with the second wafer transport arm as shown
in Figs. 8 and 8A.?§%3 ééﬁyuirst air cylinder 186 is then activated to
nove the second wafer transport arm 98 rearwardly so ¢t the distal ends
of the pegs 100 extend between the fingeid4 82 2

/OZ
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of the first wafer transport arm 80 and underlie a | ower edge of the wafer

S. The rearward or
armis precisel
with a projecti

et Lot

retracted position 25

of the second wafer transport
| ed by a positioning stop 191A (Fig. 9) engageable
Shown) fromthe plate 178. The first wafer transport

68 is then lowered to set_the wafer S onto the pegs 100 in a vertically
and contlnues domnmard back to a p05|t|on

f or

in Fig. 9, 35
second waf e

upright position (F| g/BﬁZ
recei vi ng [GWot e val

8A)

t he sec
sport arm 98 t
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17 registration with the spin dryer 104. A positioning stop 191B (Fig. 3)
is engageable with the plate 185 to precisely position the second wafer
transport arm98 with respect to the spin dryer 104. 5 Ref erri ng now
to Figs. 3 and 10, the upper and |lower jaws 106, 108 of the wafer spin
dryer 104 are pivotally nounted by respective rocker arnms 192 on the inside
di aneter of a hollow, open ended rotor 194 nounted an annul ar bearing 196
for rotation on a spin dryer fixture 10 198 attached to the front wall 56

of the third conpartne%féé?hﬁzzptor 194 is connected by a belt 200 to an
el ectric notor 202 nouht ¥d':onf“a’ bracket 204 above the '
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spin dryer 104 and capable of rotating the rotor and connected jaws 106,
108. The rear gé e rocker 15 arns 192 are pivotally connected by
i nks 206 to an tube 208 coaxial with the rotor 194 and received
t hrough a bearing 210 in the rear end of the rotor. The actuator tube 208
rotates conjointiy with yh€4otor 194. A pair of air cylinders 212 are

joined to the ged a connector 214 attached to a
beari ng 216 no@Rt-+Rg-the—ear-—eRd Dt —actuator—tube=fFor—rétattjon
relative t yllnder‘322ﬁt i Kf-rg—t-he—actuat-or—tobe—for—eoeni-qi nt | i near
notion wt e cylinders

nders 212 are supported by a platform.
218 nounted on 25 the fixture B. The upper and | ower jaws 1%6, 108 of
the spin dryef 104 are shown infitlheir-gipsed position in solid [fnes in
Fig. 10. The [inks 206, g ocker @rinp 192 57
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and jaws 106, 108 are shown in their open position in phantomin Fig. 10.
Thus, it may be seen that when the 30 actuator tube 208 is noved forward
by the cylinders 212, the links 206 pull the rocker arnms 192 so that they
swing the jaws to the open position. The first air cylinder 186 of the
second wafer transport 70 is activated to bring the wafer S into the 35
open upper and lower jaws 106, 108 of the spin dryer 104. A positioning
stop 213 is engageable with the plate 178 so that the wafer is precisely
| ocated with respect to the pegs 110 of the wafer dryer 104. Upon cl osure
of the jaws the pegs 110 on the lower jaw 108 lift the wafer off
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of the second wafer transport arm98, and the first 5 cylinder 186 is
reactivated to nove the armforwardly out of the spin dryer 104. The wafer
Sis then held in a vertical orientation only along its upper and | ower
edge margins by the pegs 110 of the jaws. If the wafer S is scrubbed by the
scrubber rollers 1 88, it will be rinsed with deionized water after
nmounting in the 144:77 da/er 104. The back side of the wafer is rinsed by
water froma rinse Tubé 220 coaxially m)untepw?th th ctuator tube 208
g

and connected at v"f'f.rif..')'bcu\ﬁ.‘ g 2722 unted on the
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the wafer is rinsed by operation of a rinsing device 20 I ndi cat ed
generally at 224. The rinsing device includes a splash box 226

cantil evered by a beam 228 on the right side wall 38 of the second
conpartnment and extez?i g through the left side double wall 30 of the first
conpartment. The spl ﬁ%bof(§26 Is located in front of 25 the spin dryer
104 near the top of the dryer, and includes a partial interior wall 230
defining two interior conpartnments opening to a third interior conpartnent
having a drain 232. A water |ine 23 nected in an opening 236 on a side

of the box 226 30 opposite the s S ¢ ble of delivering a
stream of deionized water tfrol a first of the t ggnter artnments
defined by the parthgzwaLLNZS 7 /The wat er strean1%§9 EE t hr ough ahl openi ng
238 in the A
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partial wall 238, and across a second of the two interior 35

conpartnents. The water stream | eaves the box 226 19 through an openi ng
240 in the opposite side of the splash box and inpinges upon the wafer. A
deflector arm 242 is pivotally nmounted in the second conpartnment by a
bracket 244 connected through the 5 back wall 42 of the second
conpartnent on the ayg” ngront wall 56 of the third conpartnent. The arm
244 extends through éﬁ? ewal | 38 of the second conpartnment, the |eft
side double wall 30 and into the first conpartnent. A pair of deflector
shi el ds
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10 (desi gnated 246A and 246B, respectively) depend froma nmenber 248 at
the free end of the deflector arm 244 into respective first and second
conpartnments of the splash box 226. The deflector arm 242 is connected to a
pneumatic cylinder 250 in the second conpartnent which 15 actuates

pi voti ng nDtiondggt e?gf | ower position shown in phantomin Fig. 15, in
whi ch the defl ectdr fél.ds 246A, 2468 are interposed in the path of the
wat er stream so t 2 all of the water é? |l ected into t :gg third

conpartnment and o fﬁp draln 232, and d positi shown in
solid lines in Fify: ' rough
t he openi ngs 234, 236, 238 in th S. The
dei oni zed watef strea s delivefq truogstyy fr e water |ing 234,
and rinsing is contr ed sol el yjib q%glln F %P//QGEQE
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25 position of the deflector shields 246A, 246B. |t has been found that
if only a single shield and single conpartnent in the splash box (not
shown) is used that water may mgrate around the single deflector shield
and out of the splash box onto the wafer. However, it is to 30 be
understood that a single conpartnent box and single deflector shield, or
mul tiple conpartnments and defl ector shields may be used w thout departing
fromthe scope of the present invention. The rinse device 226 of the
preferred enbodi nent may be selectively turned on and off 35 w thout the
use of sol enoids and val ves which can introduce contam nants to the water,

In practice, the
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20 rinse device 226 and rinse tube 220 are controlled to spray water onto

opposite faces of the wafer
For instance, the rinse cycle may constitute about five seconds
5 spin dryer 104 is accelerating up to its drying speed. To dry
138 is energized to rotate the jaws 106, 108
rpm whi ch causes liquid on the wafer to
rel atively nassive

the electric notor

of 1 of the v éﬂ?éhifﬁ

to the wafer (e. 9r7
so that there

S held in the spin dryer

ws 106, 108 are 10
the jaws weigh 20 pounds in the preferg%p enbodi nment)
bstanLJaIIy pLo V|brat|ons as t he j

A
annul ar out er ghel

-‘ner al I V I

108 in the firist
FA

104 at the

sane tine.
during the
t he waf er,
at speeds
be t hr own
as conpared
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15 conpartnent is nounted on the front wall 56 of the third conpart nent
and extends forwardly through the double rear wall 32 into the first
conpartnment. The outer shield 252 includes a base 252A and an annular rim
252B connected to the base, which catch the liquid thrown radially out from
20 the wafer and guide it to a drain 254. The outer shield 252 is
constructed to prevent liquid fromdrippi ng back down onto the wafer S

after it is throy@ré? Kﬁgwbre specifically, the base 252A has an annul ar
or d

channel 256 in i face whi chgeqr ves radi:%} inwardly. The rim 25
has a angl ed surface 258 which thro romthe wafer into the
channel 256. A surface 26 4ﬁ*1$ﬁ?i§:ffééﬁﬁii Lhwardly of the
channel 256 flares out dl gui r ¢g$ hannel . The
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30 channel to retain liquid guided into it by the rim 252B, f%ggg?égﬁ%n7
drippi ng back down onto the jaws 106, 108 and the wafer. Instead, tpps
liquid travels downwardly in the channel 256 where it passes into the drain
254. The upper and | ower jaws 106, 108 are simlarly 35 constructed to
prevent liquid fromdripping back down oggo the wafer S. The upper and

| oner jaws each include 21 a sem -annular rim (designated 262 and 264)

connected to the jaws. ApparaTasnwbarushamnetrB2Afrie RAPHRET the jaws 106,
108 adjacent to the rins 262, 264 curves radially inwardly, in the sane

fashion as the channel 256 in the
Abstract of the Disclosure

A semiconductor wafer scrubbing and drying apparatus
is capable processing wafers in a vertical orientation
5 from start to finish. The apparatus moves the wafers in

a generally vertical direction from an entry station of
the apparatus to a dryer of the apparatus. The wafers
enter the apparatus in a cassette and exit in another
cassette in the same order as they were in the entry

10 cassette to preserve individual wafer identity. The
apparatus is constructed so that the compartment in which
the wafers are handled is isolated and the components
handling the wafers in that compartment are made of a
fluorinated plastic. The actuators driving the motion of

15 the wafer handling components are located in another
compartment. A rinsing device in the wafer handling
compartment is activated and deactivate for rinsing one
of the wafers without the use of valves in the rinse

line.

FIG. 1
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5 outer shield 252. 1In the closed position of the jaws, the sem -annul ar
rims 262, 264 and sem -annul ar channels 266 cooperate to form substantially
conti nuous annul ar structures. Inner surfaces 268 of the rins 262, 264 are
angl ed outward toward the channels 266, and surfaces 270 10 on the jaws
106, 108 radially inward of the channels flare outwardly so that water
throwmn off of the wafer S is guided toArd the inner surfaces. The radi ally
i nward extension of the channels 266 retains liquid in the channels rather
than permtting liquid to drip off of the 15 jaws 106, 108 back onto the
wafer S. After rotation of the jaws 106, 108 is stopped, the liquid in the
channels 266 flows o of the jaws through gaps (not shown) between the
jaws 106, 108 and thz;'_réépective rinse 262, 264 to the outer shield 252

and on to the drain 254.
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20 The wafer take-off transport 114 has substantially the sane
construction as the second wafer transport 70, except that the wafer
take-of f transport arm 120 is nounted for horizontal notion laterally of
the housing. Referring nowto Figs. 3, 5 and 11, the wafer take-off 25
transport arm 120 extends through the slots 122 and is connected to a first
plate 272 attached by slides 274 to a ﬁgLL of rails 276 nounted on a second
plate 278 parallel to the first plate. The second plate 278 is fixedly
connected to a third plate 280 oriented generally 30 per pendi cul ar to the
first plate 272 and the second plate. A first air cylinder 282 connected to
the first plate 272 and the third plate 280 is operable to nove the first

pl ate and wafer take-off transport arm 120 relative to the second plate 278

bet ween two hori zont posi ti ons.
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35 The third plate 280 is connected by four slides 284 (Fig. 5 only two
are shown) on two horizontally extending 22 rails 286 nounted on the
front wall 56 of the third conpartnment. A second air cylinder 288 nounted
on the front wall 56 and on to the third plate 280 is operable to 5
conjointly nove the first, second and third plates and wafer take-off
transport arm 120 between a position iLr8-hor i zont al registration with the
spin dryer 104 and a position in generally above the wafer placer 116. A
pair of positioning stops 283 (Fig. 3, only one is shown)
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10

engageable wth a projection (not shown) of third plate 280 to

precisely locate the wafer take-off transport arn1120,1n the two horizont al

pOSI tions.

The first air cylinder 282 is operable,
transport arm 120 is in registration with the spin dry
the armrearwardly into the spin dryer.
engageabl e with a projection 289C of thedplate 272 t

waf er take- off transport arm 120 within the wafer diy
| ower jaws 106, 108{%25

of the wafer take-o ra
activated to nove the armforwardly

sport arm 120, and

A posi tioni

en opened to set the 20

of the spin dryer 104. The waf

TG

stop 289B i s
r e2BeAY boraf e
br_104. The uppe
fer on tThe peys
-al-L..cylinder 28
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the fir 2
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25 cyl i nder 288.
take-of f transport arm 120 rearwardly until the proje
272 engages position stop 289D which precisely locate
respect to the wafer placer arm 124. 30 Referrin
11-13, the wafer placer arm 124 extends_rearwardly an
parts, each passing through a respectLﬁE_one of the t
in the rear double wall 32 of the first conpartnent and

Air cylinder 282 is reactivated to nove ¢
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23 four slides 292 (Fig. 5, only two are shown) toiarggl&tgﬁ Me{tqqéﬂly
oriented rails 294 nounted on the front wall 56. An gLt JLnde 296
nounted at its upper end on the front wall 56 is atjt ched at its Iomer end
to the plate 5 290 for actuating movenent of the lpllat28amdyVi@$2r jpl acer
arm 124 between raised and | owered positions. After tlhe wafer takei 1f
transport arm 120 is noved to its posLLan over the wafer placer 116} the
air cylinder 296 is activated to raise the wafer plggnggLnLumethudh t he
10 open bottom and-ep Tééop of the cassette C2. A positioning stop 297
engages the plate 2§6€fﬁ S raised position to precisely |locate the wafer
pl acer arm 124. The notch 127 recgives the | ower center 5&9 118 of the
waf er take-off transport arm 320 that the upper end o
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15 the wafer placer arm 124 passes above the pegs (Fig. 12A). The wafer S
is lifted off of the pegs 118 and is supported by the wafer placer 116 in
the groove 126 of the wafer placer arm 124. The first air cylinder 282 of
the wafer take-off transport is re-activated to nove the 20 wafer
take-of f transport arm 120 forward to a_third horizontal position. The
wafer S is now clear to be placed in thid-cassette C2 at the wafer exit
station 112. The support arns 130 of the wafer exit station 112 extend

t hrough holes in the rear double wall 32 of the 25 first conpartnent and
in the front wall 56 of the third conpartnent are joined to a common slide
298 connected to a | ead screw 300. The | ead screw 300 is driven by an

el ectric nmotor 302 connected to the | ead screw by a belt 304 for noving the
arms 130 and wafer cassette C2 carried
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30
cassette.
connected to the front wall
its raised position,

t hereby setting the wafer
the wafer cassette

22

in the slot.
;g?éﬁo ghat t he next enpty sl ot

t hereby for placenent of each wafer
The | ead screw 300 and notor 302 are nounted on a plate 306
56 of the third conpartnent by a brace 308

the wafer placer arm 124 extend h@@@%ﬂgEth*&ﬁT
waf er cassette C2 in registration with gne of the sl ot s it e

t
After the wafer placer arm 124 recei ves8_ 24 the mafep,
296 is activated to nove the wafer placer armto its
The notor 302

in an adjacent slot of the
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5

cassette C2 is thus positioned for
sl ot adjacent to that

the above, it wll
achi eved and ot her
could be made in t

of the invention,

S |nte2%
description or shomm in thg/

In the cassette is aligned with the wafer placer arm 124. The wafer
pl acenment of the next drled waf er

in the

A

i n which the precedi ng waf er pwas— , || be
noted that the wafers are placed in the exit maferrcagﬂéﬂfﬁfﬁifﬁmET n the
sanme order as they were arranged in the entry wafej ¢asserte—Thus; it he
identity of each wafer is namintained aftft cleaning & vj ew of

be seen that the several objects$ %i%é#}’ "n%e%? pbn{ ar e
HE§é§ ﬁgyantageous results attai\ea As—v-afi-aus-—-Changes
0 constructions w thout d»partlng fron1the scope
that all matter coOT —thre—above
onpanylng
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20 drawi ngs shall be interpreted as illustrative and not in a limting
sense. -25- 1. Apparatus for use in automatically cleaning

sem conductor wafers, the apparatus conprising: a wafer entry station for
receiving multiple wafers held in a vertical orientation; 5

first wafer transfer neans for transferring one wafer at a tine fromthe
wafer entry station w thout changing tA8 vertical orientation of said one
waf er; a spin dryer constructed for receiving said one wafer from said
first wafer transfer neans and hol ding said one wafer in a vertical
orientation, the spin dryer being rotatabl e about an axis passing generally
t hrough the center of said one
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10 waf er received fromsaid first wafer transfer neans at a rate
of rotation selected to throw liquid on said one wafer off of the wafer,
the spin dryer conprising first and second jaws and a plurality of pegs
connected to the first and second jaws, the jaws being pivotable between an
open position and a closed position in which the pegs are adapted to grip
said one wafer and hold said one wafer fdr 15 spi nni ng; second
waf er transfer neans for transferring said one wafer fromthe spin dryer in
a vertical orientation; a wafer exit station for receiving said one wafer
fr.omsaid second wafer transfer means in a vertical orientation. -26- 2.
Apparatus as set forth in claiml wherein said first and second
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-waf er transfer

neans are constructed for

along a | ower edge margin of said one wafer.
in claim2 wherein said first wafer transfer
i ncl uding an arm and fi nger

bei ng novabl e general ly vertically down
at a level

bel ow the wafers in the waf
means under said | ower edge margin of

horizontally to position said finger

try station,

3.

hol di ng said one wafer solely
Apparatus as set forth

means conprises a wafer picker
means on an end of the arm the wafer picker

rdly to position said finger
novabl e generally

neans

said one wafer and novabl e vertically upwardly to lift said one wafer out
of the wafer entry gfz% . Appar atus as set forth In claim3 wherein
said first wafer tr er

Eﬁﬁfurther conprlzz |rst d second waf er

transports for receiving sapd e wafer fro ker and
transporting the wa
conprising an arm gngzpi nger Agﬂ@ ort
and wafer picker beizgrel atgvely /A ] sai gddz nger nmefans of
the first wafer transpoit dler sai \} hdergfmeans | pi ckgr, said
finger means ofZZ4&~{irs /04, | k| i lm
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waf er transport being offset fromsaid finger neans of the wafer picker
wher eby upon rel ative vertical novenent between the wafer picker and first
waf er transport said one wafer is transferred to said finger neans of the
waf er transport, said second wafer transport conprising an arm and finger
means on the arm the first and second wafer transports being relatively
movabl e to position said finger nmeans ofl3he second wafer transport under
said finger neans of the first wafer transport where upon relative verti cal
novenent between the first and second wafer transports said one wafer is
transferred to said finéﬁ%%nefq? of the second wafer transport. -27- 5.
Apparatus as set forth I a 4 wherein the second wafer transport is
novable to bring said one wafer into the jaws in their open position, said
finger nmeans of the second wafer tranipqﬁk being offset fromthe pegs to
permt the
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pegs to nove past said finger neans to the closed position for gripping
said one wafer. 6. Apparatus as set forth in claim5 wherein said second
waf er transfer neans conprises a wafer take-off transport for taking said
one wafer out of the spin dryer, the wafer take-off transport conprising an
arm and finger neans on the arm the wafer take-off transport and spin
dryer being relatively novable to positi-bk said finger neans of the wafer
take-of f transport under the pegs of the spin dryer in the closed position,
said finger neans of the wafer take-off transport being offset fromthe
pegs of the spin dryer whereby upon novenent of the jaws to the open
position said one wafer is transferred to said finger neans of the wafer
take-of f transport. 7. Apparatus as set forth in claim6 wherein said
second wafer transfer neans further conprises a wafer placer including an
arm and finger neans on an end of the arm the wafer take-off transport and
waf er pl acer being rel atisxely able to position said finger neans of the
waf er take-off transport/‘ﬁ’e ryggid finger nmeans of the wafer placer, said
finger nmeans of the wafer take-off transport being offset fromsaid finger
means of the wafer placer whereby upon relative vertical novenent
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bet ween the wafer placer and wafer take-off transport said one wafer is
transferred to said finger neans of the wafer placer, the wafer placer
bei ng novabl e generally vertically downwardly to deposit said one wafer in
the wafer exit station. 8. Apparatus as set forth in claim1l wherein the
spin dryer is |ocated above the wafer entry station. 9. Appar at us as
set forth in claim8 further conprisi ng-Hhposi ng waf er scrubber rollers

| ocat ed bet ween the/gzkirlgzﬁry station and the spin dryer for scrubbing
said one wafer, the r ubber rollers being | ocated above the wafer

entry station and t he é%? n dryer being |oc above the wafer scrubber

rollers. 10. Apparat] set oraplin cléa |S|ng mafer

spin pins di sposedmpnm‘al - hetdw HotF e ss~hor—hokting=gai d
il ers,

one wafer and rotating the fer asHilhd
the wafer spin pins bei:///ma 4 nil
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constructed for holding said one wafer in a vertically upright position by
engagenent only along its peripheral edge margin. 11. Apparatus as set
forth in claim9 further conprising a wafer rinsing device for rinsing the
wafer, the rinsing device conprising a spray nozzle adapted to continuously
deliver a streamof rinsing liquid in a direction to engage a face of the
wafer, and a deflector for deflecting t td6st ream of water away fromthe
wafer. 12. Apparatus as set forth in claim1ll wherein the deflector
conprises a splash box having first and second conpartnents separated by a
wall, a plurality of substantially aligned openings, the spray nozzl e being
constructed for delivering said streamof rinsing liquid through the

al i gned openi ngs, and defl ector shields nmounted for being selectively

i nterposed in the stream of r|n5|;f liquid to deflect the liquid fromthe

waf er . ;743
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-29- 13.

constructed to surround the wafer
j aw havi ng an arcuate channe

Apparatus as set forth in claim 12 wherein the jaws are
In the closed position of the jaws,
which is curved in cross section and includes

each

aradially inwardly extending portion to capture liquid thrown off of the

waf er and prevent

liquid fromdripping back 5

onto the wafer. 14.

Apparatus as set forth in claim 13 furtflér conprising an annul ar outer

spl ash shield surrou
channel which is ¢
extendi ng portion to
onto the wafer.

are constructed tosh

ing t

ﬁg@p i3

ture liquid and prevent

he | aws,

t he spl ash shield having an annul ar
ross section and includes a radially inwardly

l'iquid fromdrippi ng back

each jaw havi ng anfe

i ncl udes a radi )
of the wafer aﬁ@Ap event

15. APparatus as set forth in claim 14 wherei he jaws
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16. Apparatus as set forth in claim15 further conprising an annul ar outer
spl ash shield surrounding the jaws, the splash shield having an annul ar
channel which is curved in cross section and includes a radially inwardly
extending portion to capture liquid and prevent liquid fromdripping back
onto the wafer. 17. A nethod for drying a sem conductor wafer in an
automatic dryi ng nmachi ne, the nethod rising the steps of: 30 18.
Apparatus as set forth in claim 18 fqﬁgger conpri sing an annul ar outer

spl ash shield rrG%nd' the jaws | ash shi havi ng an annul ar
channel which ngc vet“Tn QLQ56’§€E%TMH§§ﬁgIWm5 s aradially 5
I nwardly extendin ortigmt apt ur I gul gy
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liquid fromdripping back onto the wafer. 19. A nethod for dryfﬁgcg)ég‘g' /
sem conduct or wafer in an automatic drying machi ne, the nethod coqgﬂ §|ng
the steps of: placing a pl uralltiuof vertlcallﬁuprlght wafers in a~waf er

entry station of the drying mac ﬂm m “,M!L‘ of said plurality of

wafers vertically out of the waf transporting each of said
wafers in a vertical upright orlentatlon to a dryer of the drying machine;
10 spi nning each of said wafers i3m the vertically upright
orientation in a spin dryer of the drying machine to renove liquid fromthe
waf er; transportingligachAppasatdswagessti fiokhk vartiaahl y8upurgher

orientation fr88%£?§s§ﬂ§”a9rXﬁﬁuigrao&@éﬁrsSIEEh shield surrounding the
jaws, the splash shield having an annular channel which
is curved in cross section and includes a radially
5 inwardly extending portion to capture liquid and prevent
liquid from dripping back onto the wafer.

19. A method for drying a semiconductor wafer in an
automatic drying machine, the method comprising the steps
of:

placing a plurality of vertically upright wafers in

5 a wafer entry station of the drying machine;

lifting each of said plurality of wafers vertically
out of the wafer entry station;

transporting each of said wafers in a vertical
upright orientation to a dryer of the drying machine;

10 spinning each of said wafers in the vertically
upright orientation in a spin dryer of the drying machine
to remove liquid from the wafer;

transporting each of said wafers in the vertically
upright orientation from the spin drver to a wafer exit

15 station.

20. A method as set forth in claim 26 further
comprising a step of scrubbing each of said plurality of
wafers in a vertically upright orientation, said step of

20 scrubbing including the step of rotating each of said
plurality of wafers about a generally horizontal axis
passing through the center of the wafer as it is being
scrubbed.
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15 station. 20. A method as set forth in claim26 further cor%?tf)ﬁﬁﬁgﬁ’a?
step of scrubbing each of said plurality of wafers-in a verticall ﬁéﬁri ght
orientation, said step of 20 scrubbing including the step of ro t'%g
each of said plurality of wafers aboutysa generally horizontal axis passing
through the center of the wafer as it is being scrubbed. 25 31 20.

Apparatus as set forth in claim?20 wherein the d | ses a waf er
hol di ng mechani sm | ocat ed inside ”’ﬂmmﬂm,] }m””m
* c L M s *
1. Apparatus for use in automatically cleaning semiconductor wafers,

the apparatus comprising:

a wafer entry station for receiving multiple wafers held in a vertical

orientation;

5 first wafer transfer means for transferring one wafer at a time from the

wafer entry station without changing the vertical orientation of said one wafer;

a spin dryer constructed for receiving said one wafer from said first wafer
transfer means and holding said one wafer in a vertical orientation, the spin dryer
being rotatable about an axis passing generally through the center of said one
10 wafer received from said first wafer transfer means at a rate of rotation selected
to throw liquid on said one wafer off of the wafer, the spin dryer comprising first
and second jaws and a plurality of pegs connected to the first and second jaws,

the jaws being pivotable between an open position and a closed position in.
which the pegs are adapted to grip said one wafer and hold said one wafer for

15 spinning;

- second wafer transfer means for transferring said one wafer from the spin
dryer in a vertical orientation;

a wafer exit station for receiving said one wafer from said second wafer
transfer means in a vertical orientation.
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the conpartnent and neans for actuating rotation of said wafer holding

nechani sm | ocated outside of the 5 corrpartment par at us as set
forth in claim21 wherein the conpartnment conpr ﬂ doubl e
wal | including an inner panel and an gyter pan ans of
said first and second wafer transfer neans extend| ng thsr ou’gh t he doubl e

wal | to connect tp saiApg&iaudd &8 9etARSH Afaimdd @hérésﬁtsamssgwaécw er
transfer nmeans. 22. Apparatus as set forth in claim22 wherein the iInner

and out\eafepmmroneam@adbm%mmad fanheidingsaid cmmwafertsn&hapm losverur t her

conpri si a drai osed for draining liquid trapped between the inner
and out®f g%mar%'grfgl § WaBar atus as set forth in claim22 wherein said

3. Apparatus as set forth in claim 2 wherein said first wafer transfer
means comprises a wafer picker including an arm and finger means on an end of the
arm, the wafer picker being movable generally vertically downwardly to position said
finger means at a level below the wafers in the wafer entry station, movable generally

5 horizontally to position said finger means under said lower edge margin of said one

wafer and movable vertically upwardly to lift said one wafer out of the wafer entry
station.

4. Apparatus as set forth in claim 3 wherein said first wafer transfer
means further comprises first and second wafer transports for receiving said one wafer
from the wafer picker and transporting the wafer to the spin dryer, the first wafer
transport comprising an arm and finger means on the arm, the first wafer transport and

5 wafer picker being relatively movable to position said finger means of the first wafer

transport under said finger means of the wafer picker, said finger means of the first

wafer transport being offset from said finger means of the wafer picker whereby upon

relative vertical movement between the wafer picker and first wafer transport said one

wafer is transferred to said finger means of the wafer transport, said second wafer

10 transport comprising an arm and finger means on the arm, the first and second wafer
fransports being relatively movable to position said finger means of the second wafer
transport under said finger means of the first wafer transport where upon relative
vertical movement between the first and second wafer transports said one wafer is

transferred to said finger means of the second wafer transport.
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hol di ng means of said first and second wafer transfer nmeans is nmade o
non-nmetallic material. 24. Apparatus as set forth Jﬂ!ﬂl‘ﬁﬂ,ﬂﬂﬂ”ﬂﬁﬂﬂl n sai d
waf er hol ding means are made of a fluorinated plas for
drying a sem conductor wafer in an autgymtic drying "machi ne "t he net hod
conprising the steps of: placing a plurality of vertically upright wafers
in5 awafer enfiry strgtpascatuefastdet faltly imgaimadwimerein inkt sevpndaedfenf said
plurality of wafers vertical Ig%out of the wafer entry station; transportl ng

each of ! 'éaﬁaom Blavabie @ Rring $aid ongprafghinte the iavs indhet 9rgndigsttiong saich
drying HREBE Aans of the second wafer transport being offset from the pegs to permit the

pegs to move past said finger means to the closed position for gripping said one wafer.

6. Apparatus as set forth in claim 5 wherein said second wafer
transfer means comprises a wafer take-off transport for taking said one wafer out of the
spin dryer, the wafer take-off transport comprising an arm and finger means on the arm,
the wafer take-off transport and spin dryer being relatively movable to position said
finger means of the wafer take-off transport under the pegs of the spin dryer in the
closed position, said finger means of the wafer take-off transport being offset from the
pegs of the spin dryer whereby upon movement of the jaws to the open position said
one wafer is transferred to said finger means of the wafer take-off transport.

7. Apparatus as set forth in claim 6 wherein said second wafer
transfer means further comprises a wafer placer including an arm and finger means on
- an end of the arm, the wafer take-off transport and wafer placer being relatively
movable to position said finger means of the wafer take-off transport under said finger
5 means of the wafer placer, said finger means of the wafer take-off transport being offset
- from said finger means of the wafer placer whereby upon relative vertical movement
between the wafer placer and wafer take-off transport said one wafer is transferred to
said finger means of the wafer placer, the wafer placer being movable generally
vertically downwardly to deposit said one wafer in the wafer exit station.

8. Apparatus as set forth in claim 1 wherein the spin dryer is located
above the wafer entry station.
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32 10 spi nning each of said wafers-in the vertically upright
orientation in a spin dryer of the drying machine to renove liquid fromthe

ot eni at | on Prom the opin dryer to s vgser et sHTEMEMBENERM o et oo

as set forth in claim26 further conprising a step~*of¢scrublbi Ag each of
said plurality of wafers in a vertically upright orientation, said step of

scrubbing includipg the sten of rotatjng each.qof said 5 . .plurality of
wafeors about a gedor al APPRETES GRiset o @ dAlus Sytieldadprisife SoBreid viatet ne
waf er  agebbef rdlrS thcaféd! BBRFben the wafer entry station and the spin dryer for

scrubbing said one wafer, the wafer scrubber rollers being located above the wafer

entry station and the spin dryer being located above the wafer scrubber rollers.

10.  Apparatus as set forth in claim @ further comprising wafer spin pins
disposed generally below the scrubbing roilers for holding said one wafer and rotating
the wafer as it is engaged by the scrubbing rollers, the wafer spin pins being
constructed for holding said one wafer in a vertically upright position by engagement

5 only along its peripheral edge margin.

11.  Apparatus as set forth in claim 9 further comprising a wafer rinsing
device for rinsing the wafer, the rinsing device comprising a spray nozzle adapted to
continuously deliver a stream of rinsing liquid in a direction to engage a face of the
wafer, and a deflector for deflecting the stream of water away from the wafer.

12.  Apparatus as set forth in claim_11 wherein the deflector comprises
- a splash box having first and second compartments separated by a wall, a plurality of
substantially aligned openings, the spray nozzle being constructed for delivering said
stream of rinsing liquid through the aligned openings, and deflector shields mounted for

5 being selectively interposed in the stream of rinsing liquid to deflect the liquid from the
wafer.
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13.  Apparatus as set forth in claim 12 wherein the jaws are constructed

~20.

to surround the wafer in the closed position of the jaws, each jaw having an arcuate
channel which is curved in cross section and includes a radially inwardly extending

portion to capture liquid thrown off of the wafer and prevent liquid from dripping back
onto the wafer.

14.  Apparatus as set forth in claim 13 further comprising an annular
outer splash shield surrounding the jaws, the splash shield having an annular channel
which is curved in cross section and includes a radially inwardly extending portion to
capture liquid and prevent liquid from dripping back onto the wafer.

15.  Apparatus as set forth in claim 14 wherein the jaws are constructed
to surround the wafer in the closed position of the jaws, each jaw having an arcuate
channel which is curved in cross section and includes a radially inwardly extending

portion to capture liquid thrown off of the wafer and prevent liquid from dripping back
onto the wafer.

16.  Apparatus as set forth in claim 15 further comprising an annular
outer splash shield surrounding the jaws, the splash shield having an annular channel
which is curved in cross section and includes a radially inwardly extending portion to
capture liquid and prevent liquid from dripping back onto the wafer.

17. A method for drying a semiconductor wafer in an automatic drying
machine, the method comprising the steps of:
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placing a plurality of vertically upright wafers in a wafer entry station of the
drying machine;

5 lifting each of said plurality of wafers vertically ocut of the wafer entry
station;

scrubbing each of said plurality of wafers in a vertically upright orientation,
said step of scrubbing including the step of rotating each of said plurality of

wafers about a generally horizontal axis passing through the center of the wafer
10 as it is being scrubbed;

transporting each of said wafers in a vertical upright orientation to a dryer
of the drying machine;

spinning each of said wafers in the vertically upright orientation in a spin
dryer of the drying machine to remove liquid from the wafer;

15 transporting each of said wafers in the vertically upright orientation from
the spin dryer to a wafer exit station.
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