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TECHNICAL FIELD

The invention relates to the handling of precision workpieces, such as
semiconductor wafers. More particularly, the invention relates to a platform
for extracting wafers from a wafer cassette.

DESCRIPTION OF THE PRIOR ART

Particle contamination is a major concern in semiconductor fabrication. The
small feature sizes and increased number of deposited layers on the wafer
surface make devices fabricated on the surface of such wafers very
vuinerable to defects caused by particulate contamination. Such
contamination may result in decreased processing yield, diminished device
performance, or reduced reliability.

Semiconductor fabrication therefore requires a sophisticated clean room
environment to prevent contamination of the wafers by foreign particles, such
as dust. Such environment is extremely difficult to manufacture, and to
maintain. As device size is reduced, the acceptable size of particulate
matter in the clean room must also be decreased.

Similarly, semiconductor wafers may be transported and stored in a clean,
relatively particle-free micro-environment. It is well known in the prior art to
use a wafer cassette to store the wafers for transport in micro-environment
containers. such as a standard mechanical interface ("SMIF") box. In a
typical SMIF-type box, fixed walls are joined to form a partial enclosure. . A
wafer cassette is placed within the partial enclosure, and a separable bottom
is joined thereto. The wafer cassette is thus protected from potential
contaminants. '

Physical vapor deposition (“PVD") wafer processing is performed in uitra-
high vacuum conditions in a process chamber. Other types of wafer
processing, including chemical vapor deposition ("CVD") and plasma etch
may be performed under high vacuum conditions. To process the wafers
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Load lock chambers are designed to transfer the wafers under either
atmospheric pressure or vacuum conditions. In an atmospheric pressure
transfer, the ultra-high process chamber is maintained at a lower pressure
than the load lock chamber. Particulate contaminants, for example from the
exterior of a SMIF-type box, will tend to enter the vacuum environment.

However, in a vacuum pressure load lock chamber, the pressure differential
between the load lock and the process chamber is minimized.
Contaminating particles are less likely to be drawn into the process
chamber. A vacuum transfer system is therefore advantageous because it
introduces fewer contaminating particles into the process environment than
an atmospheric transfer system.

A single chamber load lock for use with a SMIF-type box is known in the
prior art. In such system, the SMIF-type box is placed onto a carrier plate on
the vacuum chamber. The bottom portion of the box is separated therefrom,
and the carrier plate and wafer cassette are lowered into the vacuum
chamber. The SMIF-type box thus effectively functions as an upper
chamber. However, such system is typically an atmosphere transfer system,
and is not suitable for use with certain vacuum applications. Additionally,
such system requires that the wafers be loaded from the top of the chamber,
i.e.. vertically. '

It is also known to load wafers from the front or side of the chamber, ie.
horizontally. For example, Brooks Automation of Chelmsford, MA has
déveloped a multi-wafer end effector that reaches out to the cassette with a
bisymmetric arm having dual end effectors. Each end effector is
configurable independently to move in three axes of motion. The end
effector blades at the end of the arm fit under the edges of the wafers. The
wafers are simultansously lifted, and are then pulled out of the cassette.

However, it is difficult, if not impossible, to use such multi-wafer end effector
with a vacuum transfer system. The operating mechanism for the arms is
complicated, and requires various feed-throughs, such as wire, cable, and
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It is difficult, however, to insure the adequate functioning of the seals. Failure
of such seals affects the time required to pump down the load lock chamber,
and may prevent an adequate vacuum from being achieved. Contaminants
may be introduced into the process chamber through the openings. Such
contaminants reduce the quality of the processed wafers, increase the
likelihood of mechanical failures, and must be frequently cleaned from the
chamber walls. Processing expenses are thereby increased.

It would therefore be advantageous to provide a wafer extractor platform that
eliminates the problems associated with seal failure in a high vacuum
transfer system, such as wafer processing equipment,

SUMMARY OF THE INVENTION

The invention provides a wafer extraction platform that is compatible with
vacuum transfer systems including ultra-high vacuum systems. The platform
is formed of magnetically coupled upper and lower assemblies. A vacuum-
to-atmosphere seal on the platform is maintained with two O-rings. The
upper assembly includes two opposing arrays of spaced, paraliel blades that
define slots for receiving wafers from a cassestie. The upper assembly is
moved from inside to outside a load lock by a magnetically coupled linear
slide. The slide comprises two linear bearings mounted on a lower
assembly. The linear bearings permit the horizontal movement of the upper
assembly while holding the blades parallel to the wafers. The blades on the
upper assembly are magnetically coupled to a linear motor mounted at
atmospheric pressure inside the lower assembly. An indexer permits vertical
and rotational movement of the upper assembly. Level adjustment screws
and a bellows are used to level the platform,
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BRIEF DESCRIPTION OF DRAWINGS

i

Fig. 1 is a front cross-sectional view of the magnetically coupled wafer

extraction platform according to the invention;

Fig. 2 is a side sectional view of the magnetically coupled wafer extraction

platform along section A-A according to the invention;

Fig. 3 is a top sectional view of the magnetically coupled wafer extraction

platform according to the invention;

Figs. 4a - 4c are side sectional views sequentially showing the operation of
the magnetically coupled wafer extraction platform according to the

invention;

Fig. 5a is a diagram illustrating the linear horizontal movement of the

platform according to the invention;

Fig. 8b is a diagram illustrating the vertical movement of the platform

according to the invention;

Fig. 5c is a diagram illustrating the rotational movement of the platform in the

g direction according to the invention;

Fig. 5d is a diagram iIIustratirig the rotational movement of the platform in the

F direction according to the invention; and

Fig. 6 is a side sectional view of an exemplary semiconductor fabrication

system according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

The invention provides a magnetically coupled wafer extraction platform that
is compatible with vacuum systems, such as wafer processing equipment.
The
magnetically coupled mechanism of the invention eliminates both the feed-
throughs and moving seals of the prior art. The disadvantages associated
with such feedthroughs and moving seals are therefore reduced or

The invention is specially adapted for high vacuum transfers.

eliminated by the invention.
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3 CieehhRAT fiffer2%8! PBMIF") box. The wafer cassette is thus
protected from potential contaminants. The wafers are subsequently
transferred from the cassette to the vacuum process chamber through use of
a load lock chamber.

While some load locks are large enough to enclose a SMiF-type box, or a
wafer cassette, other load lock chambers are not large enough to contain a
cassette. It is necessary, in such cases, to provide a mechanism known as
an end-effector, to remove the wafers from the cassette for transfer to the
load lock. For example, it is not feasible to enclose an entire 300 mm wafer
cassette in a 300 mm load lock. The wafers must be removed from the
cassette externally, and brought into the load lock by an end effector for
transfer to the process chamber.

The wafers may be removed one, several, or all at one time. A conventional
multi-wafer end effector has an arm that moves rotationally, as well as in X,
Y, and Z directions to reach the wafers. A plurality of forked blades at the
end of the arm fits under the edges of the wafers. The wafers are
simultaneously lifted, and are then pulled out of the cassette.

Fig. 1 is a front cross-sectional view of the magnetically coupled wafer
extraction platform 10 according to the invention. The wafer extractor
platform housing is formed of a conventional non-magnetic material, such as
aluminum. The platform includes both upper 12 and lower 20 assembilies.

The upper assembly 12 includes two opposing arrays 14, 15 of spaced,
parallel blades 17. The opposing blades define wafer slots 16 for receiving
wafers from a cassette. The upper assembly also includes an upper magnet
set 22 (see Fig. 2), coupled to a lower magnet set 24 (see Fig. 2) of the lower
assembly. The upper and lower magnet sets are described in more detail in

- Fig. 2. As the lower magnet set 24 is moved, the coupled upper magnet set

also moves in response thereto, thereby moving the entire upper assembly.

The lower magnet set 24 is enclosed by a vacuum seal of the lower
assembly. The preferred embodiment of the invention requires only two O-
rings to maintain a vacuum-to-atmosphere seal on the platform. O-ring
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A first O-ring 40 seals the lower assembly 20 and a second O-ring 42 seals a
bellows assembly 38 to the lower assembly. Bellows are used to permit
movement, while isolating the vacuum. The bellows assembly permits the
wafer extractor level to be movably adjusted by use of level adjustment
screws 32.

A leveling mechanism is provided to level the platform. In the preferred
embodiment of the invention, the leveling mechanism includes three leveling
screws 32 that may be individually or collectively adjusted to level the
platform. However, any number of screws may be used to level the platform.
For example, the level adjustment screws may be configured such that
tightening a screw raises the corresponding portion of the lower assembly.
Altemnatively, the screws may be configured such that tightening a screw
draws the lower assembly down, thereby lowering the level of the lower
éssembly.

The leveling screws may be either manually or automatically adjusted. For
example, the screws may be manually adjusted with a screwdriver or
ratchet. A motorized assembly 107, shown in Fig. 4b, may be provided to
automatically adjust the screws. The level adjustment may be performed in
response to measurements by balance or alignment detectors joined to the
invention.

In one embadiment of the invention, a positioning mechanism 101, shown in
Fig. 4a, is provided for setting a position of the wafers in the cassette. The
positioning mechanism preferably comprises an indexer 30 (Fig. 1) and the
above described leveling screws 32, both of which operate in combination to
move the platform vertically and forward, such that the blades of the upper
assembly go under the wafer. One embodiment of the invention provides a
calibration mark 111 (Fig. 1) to which the blades may be set by adjusting the
height of the upper assembly with the leveling screws. |

In another embodiment of the invention, the positioning mechanism includes
a sensor and a controller that compares the level of the wafers and the
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spacmg therebstween, as sensed by the sensor, and develops a signal that
operates a servo to position the wafer handler blades. The blades are
aligned in response to this comparison, so that a blade is located at a lower
level than that of the corresponding wafer. The blade may therefors be
inserted below the wafer, and then raised to lift the wafer for removal from
the cassette. Alternate embodiments of the invention use any other suitable
adjustment means. For example, the sensor and controller may be arranged
in a feedback configuration that is incorporated into the positioning
mechanism to control such positioning. The upper assembly may thersby be
precisely positioned relative to the wafer handler blades for transferring the
wafers to and from the process chamber.

Wire and other feed-throughs 34 routed to the indexer 30 are enclosed
within the hollow indexer shaft 36. The indexer shaft is joined to the lower
assembly via the bellows 38. The wire and other feed-throughs therefore do
not project into the vacuum enclosure of the lower assembly. Thus, the O-
ring seals used in prior art rotational feed throughs are eliminated, thereby
ameliorating the problems of leakage, contamination, and mechanical failure
associated therewith.

The wire and other feed-throughs supply the power required to drive the
motors that move the platform. In a preferred embodiment of the invention,
the platform includes a linear motor 18, such as a linear stepper motor or
servo mechanism. The linear motor is used to move the lower magnet set in
a linear, or horizontal, direction. The magnetically coupled upper assembly
moves in response thereto.

The upper assembly 12 slides out linearly from the extraction platform to the
wafer cassette. The indexer 30 moves the upper assembly vertically to pick
up all of the wafers. The indexer provides the vertical movement necessary
to adjust the positions of the blades to those of the wafers. The blades are
inserted into the wafer cassette and below the wafers. The indexer then
moves the upper assembly upward. The wafers are thereby lifted by the
blades. The upper assembly is then retracted in the linear direction to bring
the wafers into the load lock.

The upper assembly is supported by two parallel linear bearing assemblies
28, 29 that form a linear slide. The linear bearing assemblies are
maintained in a vacuum. One side of each bearing is attached to the lower
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permit linear motion to and from the wafer cassette. The linear bearings

permit the horizontal movement of the upper assembly while holding the

blades substantially parallel to the wafers.

Fig. 2 is a side sectional view along section A-A of Fig. 1 according to the
invention. The linear motor 18 and indexer 30 (see Fig. 1) are connected to
the mounting 50 of the lower assembly. Both upper and lower assemblies -
are provided with sets of magnets, 22 and 24, respectively. As the lower
magnet set 24 is moved linearly towards and away from the wafer cassette,
the magnetically coupled upper magnet set 22 moves in response thereto.
The wall 48 of the lower assembly remains stationary.

In the preferred embodiment of the invention, the upper magnet set includes
one magnet 52 and two pole pieces 54, 56. The lower magnet set includes
two magnets 58, 60 and three corresponding pole pieces 62, 64, 66. The
pole pieces are formed of a ferromagnetic material with which the field lines
of the upper and lower magnet sets may be conducted. These magnetic flux

 lines intersect the pole pieces to produce the magnetic coupling between the
upper and lower magnets.

The upper magnet is better coupled and more solidly held if three pole
pieces are provided in the bottom magnet and two pose pieces are provided
in the top magnet. It is presently believed that such configuration provides
the best intersection with the field lines, thereby minimizing undesirable
shifting as the upper and lower assemblies in the linear direction. When the
lower magnet set 24 is moved by the linear motor 30, the magnstic flux lines
move therewith. The magnetically coupled upper magnet set 22 moves in
response to the positioning of the magnetic flux lines. The upper assembly
thereby slides linearly to and from the extraction platform to extract and
return the wafers from the cassette.

The magnet sets are assembled in a housing 70, and covered with a magnet
cover 72. In one embodiment of the invention, the housing is formed of
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encoder or resolver. The controller may also be in communication with the
mechanism 101 for setting a position of the wafers in the cassette (see Fig.
4a). The movement of the lower assembly, and the magnetically coupled
upper assembly, may thus be precisely calibrated. Wafer extraction is
thereby aided by having a controlled position at all times.

Fig. 3 is a top sectional view of the magnetically coupled wafer extraction
platform, according to the invention. The upper assembly slides forward
along the linear bearing assemblies 28, and the blades 17 protrude out the
front 74 of the load lock. The arrays of blades 14, 15 pick up all of the wafers
76 simultaneously from the cassette, and the upper assembly 12 then
retracts into the load lock. The wafer handler assembly 78, using z-axis
motion, then enters between the blades and lifts out one wafer at a time for
transfer to the semiconductor fabrication system.

Figs. 4a - 4c are side sectional views sequentially showing the operation of

- the magnetically coupled wafer extraction platform 100 according to the

invention. In Figs. 4a- 4c there are shown four parallel blades 88 for
extracting up to four wafers 84. It is understood that the invention may
include an array containing more or less than four wafers.

Fig. 4a shows the magnetically coupled wafer extraction platform prior to
extraction of the wafers from the cassette. The cassette holder 82, which is a
box that holds the wafer cassette 83 carrying the wafers 84, is positioned
flush to the opening 102 to the load lock 80. The opposing arrays of spaced,
parallel blades 88 in the upper assembly 86 define wafer slots 104 for
receiving the watfers from the cassette.

Fig. 4b shows the magnetically coupled wafer extraction platform during
extraction of the wafers from the cassette. The linear motor 94 causes the
lower magnet 92 set to slide out linearly from the extraction platform to the
wafer cassette. The upper magnet set 80 also slides out linearly, in
response_thereto. An indexer 106 moves the upper assembly 86 vertically to
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orient the blades to the wafers. The wafers are thereby picked up and held
within the individual wafer slots 104.

The figures illustrate the use of a multi-wafer end effector. However, one
skilled in the art will readily appreciate that the invention may also be used
with a single wafer end effector.

Fig. 4c shows the magnetically coupled wafer extraction platform
subsequent to extraction of the wafers from the cassette. The upper
assembly is retracted in the linear direction to bring the wafers into the load
lock. The wafer handler assembly 96 then enters between the blades and
the wafer transport 98 lifts one wafer for transfer into the semiconductor
fabrication machine. In one embodiment of the invention, the wafer handler
may be of the “frog-leg” magnetically coupled type, as described in U.S.
Patent No. 2, as incorporated herein by reference; or any other type of wafer
handler having at Ieast “X” and “Y” motion, as is known in the art. In an
alternate embodiment of the invention, the wafer handler assembly removes
more than one wafer at a time from the cassette.

Figs. 5a-5d are diagrams illustrating the movement of the platform according
to the invention. The indexer and linear motor combination permits
movement in three directions. The linear motor 94 permits linear movement
in the "X" direction. The indexer 106 permits vertical movement in the "Z"
direction. Additionally, the indexer 106 has a rotation feature. The platform
may thersby be rotated in the "q" direction. In one embodiment of the
invention, the indexer additionally may tilt the platform in the "F' direction.
The platform may thus be linearly and rotationally moved responsively to the
position of the wafer cassette 83.

The invention may be used with processing systems having one or more
processing modulés, such as a cluster arrangement. Fig. 6 is a side
sectional view of an exemplary semiconductor fabrication system 110
according to the invention. A wafer cassette holder 112, such as a SMIF-
type box, is positioned flush to the opening 114 of the load lock 116. The
wafer cassette holder and wafer cassette 118 are opened by the load/unioad
mechanism 120.

A linear motor 122 causes the lower assembly 124 of the invention to slide
out linearly from the extraction platform to the wafer cassette. The
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g. 1 is a front cross-sectional view
of the.nmagnet i ciaislSyeetid Beaepib€r extraction platformaccording to the

i nvention; Fig. ectional view of the nmagnetically coupled
waf er extraction g sectiofi-A- A according to the invention;
Fig. 3is atop i of the magnetically coupled wafer extraction
platformaccording to the invention; Figs. 4a - 4c are side sectional
views sednagunetically. couplath upperopesemblyn 126 tiso religast pukllingadyupgned waf er
extracti gspbRsé Mhérets.C ArlindexéP 1286mbl¥s thé Upper assembly vertically to

orient the wafer slots 130 to the wafers. The wafers are thereby picked up

and held within the individual wafer slots. The upper assembly is retracted

in the linear direction to bring the wafers into the chamber 132 of the load

lock-116.

The load lock chamber is then sealed and evacuated. While Fig. 6 shows a
one chamber load lock, one skilled in the art will readily appreciate that the
invention may also be used with two chamber foad lock systems (see, for
example U.S. Patent No. 5,391,035, Microenvironment Load Lock).

Once transferred to the lower chamber, a wafer handler assembly 136
inserts an end effector 142 into the upper assembly to extract a wafer 138
therefrom. Fig. 6 shows a single wafer end effector 142. However, as
previously described, the invention may also be used with a multi-wafer end
effector. The end effector transfers the wafer 138 to the semiconductor
fabrication system 144 for processing. The wafers are each retumed to the
cassette when processing has been completed.

Although the invention is described herein with reference to the preferred
embodiment, one skilled in the art will readily appreciate that other
applications may be substituted for those set forth herein without departing
from the spirt and scope of the present invention. For example, the
magnetic coupling may be provided at a vertical orientation. The invention
may thereby be used with systems for vertically oriented wafer loading.
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DETAI LED DESCRI PTI ON OF THE I NVENTION The invention provides a
magnetj cally coupled wafer extraction platformthat is conpatible with
vacuum systens, such as wafer processing equi pnent. The—inaventionis

specially adapted for high vacuum trart3-ers. The rrag I
mechani sm of the invention elimnates both the feed- th wﬂ 'h ﬂﬂm\mm '
seals of the prior art. The di sadvant ages associated with su f ¢#edshr bughs
and noving seals are therefore redﬁ.&ﬂii&i elimnated by the invention.

1. A wafer extraction platform, comprising:

a lower assembly;

an upper assembly having at Ieast one wafer slot defined therein,

a coupling between said upper assembly and said lower assembly;
and '

a motor to horizontally move said lower assembly relative to said
upper assembly.

2. 'The wafer extraction platiorm of Claim 1, said motor further
comprising:
a linear motor.

3. The wafer extraction platform of Claim 1, wherein said upper
assembly is retractably moved from said load lock to extract at least one
wafer from a cassette.

4. The wafer extraction platform of Claim 1, further comprising:
an indexer to vertically move said upper assembly.

5. The walfer extraction platform of Claim 1, further comprising: -
a linear slide to permit movement of said upper assembly in response
to movement of said lower assembly.

6. "The wafer extraction platform of Claim 1, wherein said wafer carrier
comprises two spaced parallel arrays each having defined therein at least
one slot for receiving a wafer. '

7. The wafer extraction platform of Claim "1, wherein said upper
assembly simultaneously extracts a plurality of wafers from said cassette.

8. The wafer extraction platform of Claim 1, wherein said lower assembly
comprises a hollow shatft to receive feed throughs to said platform.

[
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- 5- A waf er cassette containing senm conductor wafers—Tay be-transported-
in a clean, relatively particle-free m cro-environnent

standard nechani cal interface ("SMF") box. The wafer iﬂmumﬂulmmjmms
protected from potential contaninants:14The wafers are subséquentyy s =

transferred fromthe cassette to the vacuum process chanmber through use of

a |l oad | ock chanmber Wi | e, songe, | oad cks ,ar ar ge .enou to.enclose a
SM F- t ypeP'box, |07 gk prlra gggl@{fgrm(ﬂfr@@m da (?’19(5%'!3 ?ﬁ‘g gg"% ERot large
enough t anagnetic coapliragsthatttcemprisess necessary, in such cases, to provide a

rechani sm knomgh ﬁBper magnet'set joined to said upper assembly; and
a lower magnet set joined to said lower assembly.

10.  The wafer extraction platform of Claim 9, wherein each of said upper
and lower magnet sets is assembled in a housing and secured with a
magnet cover.

11.  The wafer extraction platform of Claim 9, wherein said upper magnet
set includes one magnet and two corresponding pole pieces; and said lower
magnet set includes two magnets and three corresponding pole pieces.

12. The wafer extraction platform of Claim 1, wherein said motor further
comprises a controller to direct the movement of said lower assembly.

13. The wafer extraction platform of Claim 2, wherein said linear motor
comprises either a linear stepper motor or linear servo mechanism motor.

14.  The wafer extraction platform of Claim 2, wherein said linear motor is
mounted at atmospheric pressure inside said lower assembly.

15.  The wafer extraction platform of Claim 1, wherein said linear slide
comprises at least two linear bearings mounted on said lower assembly.

16. The wafer extraction platform of Claim 15, wherein said linear
bearings permit the horizontal movement of said upper assembly while
holding said wafer carrier substantially parallel to said wafers in said
cassette.

17. The wafer extraction platform of Claim 15, wherein said linear
bearings are maintained at a vacuum in said vacuum enclosure within said
lower assembly.

18. The wafer extraction platform of Claim 15, wherein said linear
bearings are THK type bearings.

This Sheet Has Been: Replaced
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an end-effector, to renpve the wafers fromthe@wor transfer to the
| oad | ock. For exanple, it is not feasible to eq | ose an entitTe 300 nm
|Mu

waf er cassette in a 300 nmload | ock. The wafer wmjmmﬂm fromthe
cassette externally, and brought into.ife | oad i Iect or for
transfer to the process chamber. The wafers may be rerpv&d bne, several,

or all at one tinme. A conventional nulti-wafer end effector has an armt hat
moves rott8.i onkEhe wafersexteddtioasplatforry ofClaamdi, Zudherccomprigingo reach t he

wafers. A pl ”réyh&durﬂix?%éeifﬂmﬁgﬂhm'@%%l %c%%?rﬁ%%g@u@%?} Prﬁﬂég‘,sfeit bFsdfder the

edges of the wafers. ers  ar Tul'tan and are then
pul | ed owRlatierm e defipe & vacuunriegclosure withine said lewekassamblyonal vi ew of the
magneti cal ly coupl ed wafer extraction platform 10 according to the

i nvention,.  The_wafer extractor platformhousing iis for of a conventi onal
non- magneQQ-c & wafer egggﬁtti% p?at orm of Claim 19?whereln Qgi Vactum 1o

atmosphere seal further comprises:
a first O-ring to seal said lower assembly; and
a second O-ring to seal said bellows to said lower assembly.

21. The wafer extraction platform of Claim 1, further comprising a
positioning mechanism for leveling said platform.

22. The wafer extraction platform of Claim 21, said positioning
mechanism further comprising:
an indexer;
at least one level adjustment screw; and
.a calibration mark to which said slots may be set by adjusting the
height of said upper assembly with said indexer and/or said level adjustment
screw.

23. The wafer extraction platform of Claim 21, said positioning
mechanism further comprising;

a sensor; and

a controller;

wherein said controlier compares the level of said slots, as sensed by
the sensor, and develops a signal that operates to position said slots.

24. The wafer extraction platform of Claim 21, wherein said leveling
mechanism further comprises:

at least one level adjustment screw; and

a bellows joining said hollow shaft to said lower assembly.

25. The wafer extraction platform of Claim 24, wherein said level
adjustment screw is adjusted by either_ manual or automatic means.

This Sheet Has Been Replaced .
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al, um num The pl atformincludes both upper 12 and | ower 20 assenblies. The
upper assenbly 12 includes tw opposing arrays 14, 15 e#—%paee%paﬁal—i—ewt—

bl ades 17. The opposing bl ades define wafer slots 16 for
froma cassette. The upper assenbly al-$g-includes an updmmaméIn“slm Im
(see Fig. 2), coupled to a | ower magnet set 24 (see Fig cof Lt he | swer

assenbly. The upper and | ower magnet sets are described in nore detail in

Fig. 2. AB6t heAlwaler extrgotion platfoPm, cemprisiad; the coupl ed upper magnet set
oS0, moves |0 BI5RPSS5bHELERSrpkURLcS HeTBY 4R Boaohe BRSSOl Y
The pr ef efor saldegtadsliniest le@st bhe le\ﬂél%Hiuﬁmerne@urdvﬁsanmhxfoélm@]mhlﬁygS to
mai ntai n a ,vacuumt o-at nosphere seal on the platform Oring
said hollow shaft to said lower assembly to permit adjustments to the level of
said pl_atform,
an upper assembly having at least one wafer slot defined therein by
two opposing arrays of spaced, parallel blades;
a lower magnet set joined to said lower assembly;
an upper magnet set joined to said. upper assembly, wherein said
upper assembly is magnetically coupled said to said lower assembly;
a linear motor joined to said lower assembly to horizontally move
said lower.assembly;
an indexer to vertically move said upper assembly;
at least two linear bearings maintained at a vacuum and mounted on
said lower assembly to pemit the horizontal movement of said upper
assembly in response to movement of said lower assembly, while holdihg'
said blades substantially parallel to said wafers in said cassette;
a first O-ring to seal said lower assembly, and a second O-ring to seal
said bellows to said lower assembly |
wherein said upper assembly is retractably moved from a load lock to
simultaneously extract a plurality of wafers from a cassette for transfer to a
semiconductor fabrication system. '

27. A process for extracting wafers from a cassette, comprising the steps
of:

magnetically coupling an upper assembly having at least one wafer
slot defined therein to a lower assembly;

moving said lower assembly with a linear motor;

providing an indexer to vertically move said upper assembly;

providing a linear slide to permit movement of said upper assembly in
response to movement of said lower assembly; aﬁd

sealing said platform to provide a vacuum therein;

wherein said upper assembly is retractably moved from a load lock to
simultaneously extract a plurality of wafers from a cassette for transfer to a
semiconductor fabrication system. | This Sheet Has Been Replaced
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2 7 MAR 1998 -6- | eakage and

perneation are significant detrinental factors to the nmabntenance

vacuum system The reduction in nunber of Orings over the

af forded by the invention therefore detf-eases | eakage of giﬂl“ﬂi‘"lﬂ“l“"‘ll“I“l
contam nating particles into the vacuum process chanber. A*irsttOPring
seals the | ower assenbly 20 and a second O ring 42 seals a bellows assenbl y

38 to the2§.oneh spatiepndyctordfabrisakion systame gOMmprising:i t
a load lock chamber;

at least one vacuum process chamber joined to said load lock
chamber; and |
a wafer extraction platform, comprising:

a lower assembly including a hollow shaft to receive feed
throughs to said platform, said lower assembly having a lower magnet set
joined thereto; .

an upper assembly having at least one wafer slot defined
therein by two opposing arrays of spaced, parallel blades, said upper
assembly further including an upper magnet set joined thereto such that said
upper assembly is magnetically coupled to said lower assembly;

a linear motor joined to said lower assembly to horizontally
move said lower assembly; and

an indexer to move said lower assembly;

wherein said upper assembly is retractably moved from said load lock
to simultaneously extract a plurality of wafers from a cassette for transfer to a
vacuum process environment.

29. The semiconductor fabrication system of Claim 28,_further comprising:

at least two linear bearings maintained at a vacuum and mounted on
said lower assembly to permit the horizontal movement of said upper
assembly in response to movement of said lower assembly, while holding
said blades substantially parallel to said wafers in said cassette;

a controller to direct the movement of said lower assembly.

a mechanism for leveling said platform comprising at least one level
adjustment screw, and a bellows joining said hollow shaft to said lower
assembly to permit adjustments to the level of said platform; and

a first O-ring to seal said lower assembly, and a second O-ring to seal
said bellows to said lower assembly,

30. The semiconductor fabrication system of Claim 28, further comprising:

wafer handler for removing a wafer from said wafer extraction platform
for transfer to vacuum process chamber. - T
This Sheet Has Bee,
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novenent, while isolating the vacuum The bell ows assenbly permts the
.wafer extractor level to be novably adjusted by use of |evel adjustnent
screws 32. A leveling nechanismis provided to level the platform In the
preferred enbodi nent of the invention,ig-he |eveling nmechani smincl udes
three leveling screws 32 that may be individually or collectively adjusted
to level the platform However, any nunber of screws nay be used to | eve
the platform For exanple, the |level adjustnent screws may be configured

such that i ENEYIERELYC COUPLES W ARERCEXFRREFION IPLAGRORM! e | ower

assenbl y. ternatively, the screws may configured suc I ght eni ng
a screw draws the | ower assenbly down, thereby |lowering the |evel of the

| ower assenbly. The leveling scigpSTEACTe either manually or

automati cal ly adjusted. For
A wafer extraction platform that is compatible with a high vacuum transfer
systemn includes magnetically coupled upper and lower assemblies. A
vacuum to atmosphere seal on the platform is maintained with two O-rings.
Two opposing arrays of spaced, parallel blades in the upper assembly
define slots for receiving wafers from a cassette. The upper assembly moves
in response to a magnetically coupled linear slide mounted on the lower
assembly. The upper assembly moves outside the load lock, and the blades
pick up and simultaneously extract the wafers from the cassette. The upper
assembly retracts into the load lock, and the wafers are transferred to the
process chamber. A linear motor mounted at atmospheric pressure inside
the lower assembly permits the horizontal movement of the upper assembly
while holding the blades parallel to the wafers. Level adjustment screws and
a bellows are used to level the platiorm.

——

-
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exénple, the screws may be manual ly adjusted with a screwdriver or ratchet.
A notorized assenbly 107, shown:in Fig. 4b, may be provided to
automatically adjust the screws. The | evel adjustnent may be erforned |n

response to measurenments by bal ance or alignnent detectﬁmss
invention. In one enbodi nent of the invention, a p05|k
101, shown in Fig. 4a, is provided for setting a positio |n

the cassette. The positioning nechani sm preferably conprrses an i ndexer 30
(Fig. 1) and the above described | eveling screws 32, both of which operate
I n conbination to nove the platformvertically and formard such that the
bl ades of the upper assenbly go under the wafer. One enbodinent of the _
i nvention provides a calibration mark 111 (Fig. 1) to which the bl ades may
be set by adjusting the height of the upper assenbly with the | eveling
Screws.

_ o D
ak ;?l 1 t@
/II/HII T |57 3%
& D
= N N
S N\
X r§ \
3 N NS
\ AN
\ N Ny ©
< NN < of ¥ )
BININIE — ™
B 1.}/ )
S T::: T \ e
ﬂ“.-% —
N N 'i ]
N Ny
§ NS ®
2 \ h
N S

o

II LHJIHH

1137

I
29/1 E
44



In anot her enmbodi ment of the inventi on, the positioning mechani smi ncl udes
a. sensor and a controller that conpares the |evel of the wafers and the

-7- spacing therebetween, as sensed by the sensor, and-develeps—a-signal
| a

that operates a servo to position the wafer handler bl ad_es,rh.s e des are

aligned in response to this conparison, so that a blade is ’ if“ Bﬁnir’lliced

| ower
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| evel than that of the corresponding wafer. The bl ade may therefore be
irnserted below the wafer, and then raised to lift the wafter—foer—renoval
fromthe cassette. Alternate enbodi nments of the invention yse_any other

sui tabl e adj ust ment neans. For exanple, the sensor and con °giUasgaen Replaced
arranged in a feedback configuration that is incorporated ii

posi tioning mechanismto control such positioning. The uppe I

t hereby be precisely positioned relative to the wafer handl er bl ades for
transferring the wafers to and fromthe process chanber. Wre and ot her
feed-throughs 34 routed to the indexer 30 are enclosed within the holl ow

i ndexer shaft 36. The indexer sh Z4is joimdl to the | ower assenbly via the
bellows 38. The wire and ot her ffed-throughs therefore do not project into
t he vacuum encl osure of t [ower assennly. Tnus, T O 11ng seals used in
prior art rotational fee tﬁheighsiﬁre el ilm nat ed, “f'he ‘)ymm4(weuing t he
probl ens of | eakage, cont ap-Rath-efs ¥ ST (g _
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associated therewith. The wire and other feed-throughs supply the power
required to drive the nmotors that nove the platform In a preferred

enbodi ment of the invention, the platformincludes a |linear notor 18, such
as a linear stepper notor or servo nechanism The linear notor is used to
nove the | ower nmagnet set in a linear, or horizontal, di TEgSlcetiHas Bdae Replaced
magneti cal | y coupl ed upper assenbly noves in response .ther r
assenbly 12 slides out linearly fromthe extraction platf Wr
cassette. The indexer 30 noves the upper assenbly vertically al |
of the wafers. The indexer provides the vertical novenment necessary to

adj ust the positions of the blades to those of the wafers. The bl ades are
inserted into the wafer cassette and bel ow the wafers. The indexer then
noves the upper assenbly upward. The wafers are thereby lifted by the
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bl ades. The upper assenbly is then retracted in the linear direction to
bring the wafers into the load | ock. The upper assenbly is supported by
two parallel linear bearing assenblies 28, 29 that forma linear slide.

The linear bearing assenblies are- maintained in a vaCUUﬂT~{}ﬁrs+de—e#—eaeh
bearing is attached to the | ower This Sheet Has Been Rep
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assenbly, and the other side is attached to the upper assenbly. In the
preferred enbodi nent of the invention, the |inear bearings—46—-are THK type
| i near crossed roller bearings. THK bearings are substantjally square in
shape, with a notch to prevent rotation and to hold the be aSseethReplatdde
tracks 44. The |linear bearings support the weight of the u and
permt linear notion to and fromthe wafer cassette. The | i

permt the horizontal novenment of the upper assenbly while hol ding the

bl ades substantially parallel to the wafers. Fig. 2 is a side sectional
view al ong section A-A of Fig. 1 according to the invention. The |inear
notor 18 and i ndexer 30 (see Fig. 1) are connected to the nounting 50 of
the | ower assenbly. Both upper and | ower assenblies are provided with sets
of magnets, 22 and 24, respectively. As the | ower magnet set 24 is noved
linearly towards and away fromthe wafer cassette,
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the'nagnetically coupl ed upper ghet set 22 noves in response thereto. The

wal | 48 of the |ower assenbly remains stationary. In the preferred

enbodi ment of the invention, the upper magnet set includes one magnet 52
and two pol e pieces 54, 56. The | ower nagnet set inclu

60 and three correspondi ng pole pieces 62, 64, 66. The p N Tﬂ
formed of a ferronagnetic nmaterial with which the field I per

and | ower nmagnet sets may be conducted. These magnetic flux |ines intersect
the pole pieces to produce the magnetic coupling between the upper and

| ower magnets. The upper nmegnet is better coupled and nore solidly held if
three pole pieces are provided in the bottom nagnet and two pose pieces are
provided in the top nagnet. It is presently believed that such
configuration provides the best intersection with the field Iines, thereby
m ni m zi ng undesirabl e /’83
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shifting as the upper and | ower assenblies in the linear direction. Wen
the | ower magnet set 24 is noved by the linear notor 30, the magnetic fl ux

| ines nove therewith. The nagnetically coupl ed upper nagnet set 22 noves in
response to the positioning of the magnetic flux |ines. ThahiypmresHasBsa Koplyted

thereby slides linearly to and fromthe extraction platform
return the wafers fromthe cassette. The nagnet sets are as I
housi ng 70, and covered with a magnet cover 72. i t

I n one enbod
i nvention, the housing is fornmed of
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al uniinum The nmagnet cover is secured to the| [Dxsogption pess . J 6l pgeadlz | Y
screws::68. ok .bolit's. A controller 113 nay be| g ®lhggs) top&gé@g;y tb']ﬁlged 3
movenent of the |ower assenbly. The position yn@@ldg(g)e%gg@ygrm

&
detected by the use of an encoder or resol vel.gRuaQntr “be
in comunication with the mechani sm 101 flor ketting a ? o? @ﬁéﬂ)

wafers in the cassette (see Fig. 4a). The np
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BACKGROUND THE INVENTION - 2 7 MAR 1998

TECHNICAL FIELD

The invention relates to the handling of precision workpieces, such as
semiconductor wafers. More particularly, the invention relates to a platform
for extracting wafers from a wafer cassette.

DESCRIPTION OF THE PRIOR ART

Particle contamination is a major concern in semiconductor fabrication. The
small feature sizes and increased number of deposited layers on the wafer
surface make devices fabricated on the surface of such wafers very
vulnerable to defects caused by particulate contamination. Such
contamination may result in decreased processing yield, diminished device
performance, or reduced reliability.

Semiconductor fabrication therefore requires a sophisticated clean room
environment to 'preven_t contamination of the wafers by foreign particles, such
as dust. Such environment is extremely difficult to manufacture, and to
maintain. As device size is reduced, the acceptable size of particulate
matter in the clean room must also be decreased.

Similarly, semiconductor wafers may be transported and stored in a clean,
relatively particle-free micro-environment. It is well known in the prior art to
use a wafer cassette to store the wafers for transport in micro-environment
containers such as a standard mechanical interface ("SMIF") box. In a
typical SMIF-type box, fixed walls are joined to form a partial enclosure.. A
wafer cassette is placed within the partial enclosure, and a 's-eparable bottom
is joined thereto. The wafer cassette is thus protected from potential
contaminants.

Physical vapor deposition ("PVD") wafer processing is performed in ultra- .
high vacuum conditions in a process chamber. Other types of wafer
processing, including chemical vapor deposition ("CVD") and plasma eich.
. may be performed under high vacuum conditions. To process the wafers



Fig. '3 is a top sectional view of the magnetically couﬁﬁﬁjclf\%f\i&f\“e&ﬁa”t I on
pl at:f br m}waCC(}le ng to the invention. The upper assenmly sl des torwaid
along the linear bearing assenblies 28, and the bl ade§ 17 €7oggﬁgdﬁggut he
front 74 of the load | ock. The arrays of blades 14, 19 fdic up-a aI t hhe
wafers 76 simultaneously fromthe cassetge, and the ugper—assefbty—i21t hen
retracts into the load | ock. The wafer handl er assenblly 78, using z-axi
notion, then enters between the blades and lifts out one fﬁ at. a tine
sef thy

for transfeunggr sueh Bighi roftadighy conditiansaitiip ReasAsABHIC T aferg. o e
si de secti Ofan WHecwdssBREUS M Fhbvurs HvERS éﬁmﬁmwxemnmztﬂgecmgmet ically

coupl ed waf er., ext | atf orm 0 acc %dl Fi gs.
da- 4c ther@”tgr%a'i‘ﬁ@% %'5}? s+ %%@ﬁ%gn | ng tﬁgbl{dhnf our
waf ers 84. use.oéajnadrlml@dmmhm t he |nvent|on may |ncI ude an array
containing nore or |less than four wafers.

Load lock chambers are designed to transfer the wafers under either
atmospheric pressure or vacuum conditions. In an atmospheric pressure
transfer, the ultra-high process chamber is maintained at a lower pressure
than the load lock chamber. Particulate contaminants, for example from the
exterior of a SMIF-type box, will tend to enter the vacuum environment.

However, in a vacuum pressure load lock chamber, the pressure differential
between the load lock and the process chamber is minimized.
Contaminating particles are less likely to be drawn into the process |
chamber. A vacuum transfer system is therefore advantageous because it
introduces fewer contaminating particles into the process environment than
‘an atmospheric transfer system.

A single chamber load lock for use with a SMIF-type box is known in the
prior art. *In such system, the SMIF-type box is placed onto a carrier plate on
the vacuum chamber. The bottom portion of the box is separated therefrom,
and the carrier plate and wafer cassette are lowered into the vacuum
chamber. The SMIF-type box thus effectively functions as an upper
chamber. However, such system is typically an atmosphere transfer system,
and is not suitable for use with certain vacuum applications. Additionally,
such system requires that the wafers be loaded from the top of the chamber,
i.e.. vertically.

It is also known to load wafers from the front or side of the chamber, ie.
horizontally. For example, Brooks Automation of Chelmsford, MA has
déveloped a multi-wafer end effector that reaches out to the cassette with a
bisymmetric am having. dual end effectors. Each end effector is
configurable independéntly to move in three axes of motion. The end
effector blades at the end of the arm fit under the edges of the wafers. The
wafers are simultaneously lifted, and are then pulled out of the cassette.

However, It is difficult, if not impossible, to use such multi-wafer end effector
with a vacuum transfer system. The operating mechanism for the arms is
complicated, and requires various feed-throughs, such as wire, cable, and



Fig."4a shews the magnetically coupled wafer extraction platformprior to
extractlon of. t.he wafers fromthe cassette. The cassette hol der 82, which
i¢ 'a"box that hol ds the wafer cassette 83 carrying the wafers 84, is
positioned flush to the opening 102 to the |load | ock 80. The opposing
arrays of spaced, parallel blades 88 in-Bhe upper assenbly 86 define wafer
slots 104 for receivi ng the wafers fromthe cassette. Fig. 4b shows the
magneti cal ly cqupl ed xtraction tfo | xtractipn
waf er s from"‘?tﬁ@°8 fee tt r°”9 @'Pltﬁéé‘Pa‘h&%" r?t%f %l%qtﬁéoﬂeé\ﬁ??%n@ %et 92
set to sli déeautirtainedrdrgurid alinof the epéninags irthepthememwalls tcheewrit
cassette. T ¢ ' ! d Meebssh 'fBr Igfepnse
URaHiR? " to B BimBEh (Jerf 18 3 oa%%ggfwygvgé |

t hereto. An’indexer per asse vertically to
processing.

It is difficult, however, to insure the adequate functioning of the seals. Failure
of such seals affects the time required to pump down the load lock chamber,
and may prevent an adequate vacuum from being achieved. Contaminants
may be introduced into the process chamber through the openings. Such
contaminants reduce the quality of the processed wafers, increase the
likelihood of mechanical failures, and must be frequently cleaned from the
chamber walls. Processing expenses are thereby increased.

it would therefore be advantageous to provide a wafer extractor platform that -
eliminates the problems associated with seal failure in a high vacuum
transfer system, such as wafer processing equipment.

UMMARY OF THE INVENTION

The invention provides a wafer extraction platform that is compatible with
vacuum transfer systems including ultra-high vacuum systems. The platform
is formed of magnetically coupled upper and lower assemblies. A vacuum-
to-atmosphere seal on the platform is maintained with two O-rings. The
upper assembly includes two opposing arrays of spaced, paraliel blades that
define slots for receiving wafers from a cassette. The upper assembly is
moved from inside to outside a load lock by a magnetically coupled linear
slide. The slide comprises two linear bearings mounted on a lower
assembly. The linear bearings pemmit the horizontal movement of the upper
assembly while holding the blades parallel to the wafers. The blades on the
upper assembly are magnetically coupled to a linear motor mounted at
atmospheric pressure inside the lower assembly. An indexer permits vertical
and rotational movement of the upper assembly. Level adjustment screws
and a bellows are used to level the platform.

JEPLACEMENT SHEET




210- " orient the.blades to the wafers. The wafers are thereeﬁﬁf'bﬁj\‘eﬁgﬁf‘mpbgm‘
hel d"wi thi‘n the individual wafer slots 104. The figures iljl gstrate the usk
of a milti-wafer end effector. However, one skilled in thel|aft 2wl JARS88 |
appreciate that the invention may also be used with a singlie{wafer end

effector. Fig. 4c shows the magnetical I-4- coupl ed waf er extiractton plratform

'BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front cross-sectional view of the magnetically coupled wafer
extraction platform according to the invention;

Fig. 2 is a side sectional view of the magnetically coupled wafer extraction
platform along section A-A according to the invention,

Fig. 3 is a top sectional view of the magnetically coupled wafer extraction
platform according to the invention;

Figs. 4a - 4c are side sectional views sequentially showing the operation of
the magnetically coupled wafer extraction platform according to the
invention; :

Fig. 5a is a diagram illustrating the linear horizontal movement of the
platform according to the invention;

Fig. 5b is a diagram illustrating the vertical movement of the platform
according to the invention;

Fig. 5c is a diagram illustrating the rotational movement of the platform in the
q direction according to the invention; '

Fig. 6d is a diagram illustrating the rotational movement of the platform in the
F direction according to the invention; and

Fig. 6 is a side sectional view of an exemplary semiconductor fabrication
system according to the invention.

DETAILED DESCRIPTION THE INVENTION

The invention provides a magnetically coupled wafer extraction platform that
is compatible with vacuum systems, such as wafer processing equipment.
The invention is specially adapted for high vacuum transfers. The
magnetically coupled mechanism of the invention eliminates both the feed-
throughs and moving seals of the prior art. The disadvantages associated

with such feedthroughs and moving seals are therefore reduced or’
eliminated by the invention.
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a load lock chamber.

While some load locks are large enough to enclose a SMIF-type box, or a
wafer cassette, other load lock chambers are not large enough to contain a
cassette. It is necessary, in such cases, to provide a mechanism known as
an end-effector, to remove the wafers from the cassette for transfer to the
load lock. For example, it is not feasible to enclose an entire 300 mm wafer
cassette in a 300 mm load lock. The wafers must be removed from the
cassette externally, and brought into the load lock by an end effector for
transfer to the process chamber.

The wafers may be removed one, several, or all at one time. A conventional
multi-wafer end effector has an arm that moves rotationally, as well as in X,
Y, and Z directions to reach the wafers. A plurality of forked blades at the
end of the arm fits under the edges of the wafers. The wafers are
simultaneously lifted, and are then pulled out of the cassette.

Fig. 1 is a front cross-sectional view of the magnetically coupled wafer
extraction platform 10 according to the invention. The wafer extractor
platform housing is formed of a conventional non-magnetic material, such as
aluminum. The platform includes both upper 12 and lower 20 assemblies.

The upper assembly 12 includes two opposing arrays 14, 15 of spaced,
parallel blades 17. The opposing blades define wafer slots 16 for receiving
wafers from a cassette. The upper assembly also includes an upper magnet
set 22 (see Fig. 2), coupled to a lower magnet set 24 (see Fig. 2) of the lower
assembly. The upper and lower magnet sets are described in more detail in

- Fig. 2. As the lower magnet set 24 is moved, the coupled upper magnet set

also moves In response thersto, thereby moving the entire upper assembly.

The lower magnet set 24 is enclosed by a vacuum seal of the lower |
assembly. The preferred embodiment of the invention requires only two O- -

rings to maintain a vacuum-to-atmosphere seal on the platform. O-ring
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A first O-ring 40 seals the lower assembly 20 and a second O-ring 42 seals a
bellows assembly 38 to the lower assembly. Bellows are used to permit
movement, while isolating the vacuum. The bellows assembly permits the
wafer extractor level to be movably adjusted by use of level adjustment
screws 32. ' '

A leveling mechanism is provided to level the platform. In the preferred
embodiment of the invention, the leveling mechanism includes three leveling
screws 32 that may be individually or collectively adjusted to level the
platform. However, any number of screws may be used to level the platform.
For example, the level adjustment screws may be configured such that
tightening a screw raises the corresponding portion of the fower assembly.
Altematively, the screws may be configured such that tightening a screw '
draws the lower assembly down, thereby lowering the level of the lower
assembly.

The leveling screws may be either manually or automatically adjusted. For
example, the screws may be manually adjusted with a screwdriver or
ratchet. A motorized assembly 107, shown in Fig. 4b, may be provided to
automatically adjust the screws. The level adjustment may be performed in
response to measurements by balance or alignment detectors joined to the
invention.

in one embodiment of the invention, a positioning mechanism 101, shown in
Fig. 4a, is provided for setting a position of the wafers in the cassette. The
positioning mechanism preferably comprises an indexer 30.(Fig. 1) and the
above described leveling Screws 32, both of which operate in combination to
move the platform vertically and forward, such that the blades of the upper
assembly go under the wafer. One embodiment of the invention provides a
calibration mark 111 (Fig. 1) to which the blades may be set by adjusting the
height of the upper assembly with the leveling screws. '

In another embodiment of the invention, the positioning mechanism inéludes;
a sensor and a controller that compares the level of the wafers and the
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spacing therébetweén, as sensed by the sensor, and develops a signal that
operates a servo to position the wafer handler blades. The blades are
aligned in response to this comparison, so that a blade is located at a lower
level than that of the corresponding wafer. The blade may therefore be
inserted below the wafer, and then raised to lift the wafer for removal from
the cassette. Alternate embodiments of the invention use any other suitable
adjustment means. For example, the sensor and controller may be arranged

in a feedback configuration that is incorporated into the positioning
mechanism to control such positioning. The upper assembly may thereby be
precisely positioned relative to the wafer handler blades for transferring the
wafers to and from the process chamber.

Wire and other feed-throughs 34 routed to the indexer 30 are enclosed
within the hollow intlexer shaft 36. The indexer shaft is joined to the lower
assembly via the bellows 38. The wire and other feed-throughs therefore do
not project into the vacuum enclosure of the lower assembly. Thus, the O-
ring seals used in prior art rotational feed throughs are eliminated, thereby
ameliorating the problems of leakage, contamination, and mechanical failure
associated therewith.

The wire and other feed-throughs supply the power required to drive the -
motors that move the platform. In a preferred embodiment of the invention,
the platform includes a linear motor 18, such as a linear stepper motor or
servo mechanism. The linear motor is used to move the lower magnet set in
a linear, or horizontal, direction. The magnetically coupled upper assembly
moves in response thereto.

The upper assembly 12 slides out linearly from the extraction platform to the
wafer cassette. The indexer 30 moves the upper assembly vertically to pick
up all of the wafers. The indexer provides the vertical movement necessary
to adjust the positions of the blades to those of the wafers.; The blades are
inserted into the wafer cassette and below the wafers. The indexer then
moves the upper assembly upward. The wafers are thereby lifted by the
blades. The upper assembly is then retractad in the linear direction to bring
the wafers into the load lock.

The upper assembly is supported by two parallel linear bearing assemb_lies'
28, 29 that form a linear slide. The linear bearing assemblies are:
maintained in a vacuum. One side of each bearing is attached to the lower
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tracks 44. The linear bearings support the weight of the upper assembly and

permit linear motion to and from the wafer cassette. The linear bearings
permit the horizontal movement of the upper assembly while holding the
blades substantially parallel to the wafers.

Fig. 2 is a side sectional view along section A-A of Fig. 1 according to the
invention. The linear motor 18 and indexer 30 (see Fig. 1) are connected to
the mounting 50 of the lower assembly. Both upper and lower assemblies -
are provided with sets of magnets, 22 and 24, respectively. As the lower
magnet set 24 is moved linearly towards and away from the wafer cassette,
the magnetically coupled upper magnet set 22 moves in response thereto.
The wall 48 of the lower assembly remains stationary.

In the preferred embodiment of the invention, the upper magnet set includes
one magnet 52 and two pole pieces 54, 56. The lower magnet set includes
two magnets 58, 60 and three corresponding pole pieces 62, 64, 66. The
pole pieces are formed of a ferromagnetic material with which the field lines
of the upper and lower magnet sets may be conducted. These magnetic flux
lines intersect the pole pieces to produce the magnetic coupling between the
upper and lower magnets.

The upper magnet is better coupled and more solidly held if three pole
pieces are provided in the bottom magnet and two pose pieces are provided
in the top magnet. It is presently believed that such configuration provides
the best intersection with the field lines, thereby minimizing undesirable
shifting as the upper and lower assemblies in the linear direction. When the
lower magnet set 24 is moved by the linear motor 30, the magnetic flux lines
move therewith. The magnetically coupled upper magnet set 22 moves in
response to the positioning of the magnetic flux lines. The upper assembly
thereby slides linearly to and from the extraction platform to extract and
return the wafers from the cassette.

The magnet sets are assembled in a housing 70, and covered with a magnet
cover 72. In one embodiment of the invention, the housing is formed of .

1
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aluminum. The magnet cover is secured to the housing by means including
screws 68 or bolts.

A controller 113 may be provided to direct the movement of the lower
assembly. The position of the linear motor can be detected by the use of an
encoder or resolver. The controller may also be in communication with the
mechanism 101 for setting a position of the wafers in the cassette (see Fig.
4a). The movement .of the lower assernbly, and the magnetically coupled
upper assembly, may thus be precisely calibrated. Wafer extraction is
thereby aided by having a controlled position at all times.

Fig. 3 is a top sectional view of the magnetically coupled wafer extraction
platform, according to the invention. The upper assembly slides forward
along the linear bearing assemblies 28, and the blades 17 protrude out the -
front 74 of the load lock. The arrays of blades 14, 15 pick up all of the wafers
76 simultaneously from the cassette, and the upper assembly 12 then
retracts into the load lock. The wafer handler- assembly 78, using z-axis
motion, then enters between the blades and lifts out one wafer at a time for
transfer to the semiconductor fabrication system.

Figs. 4a - 4c are side sectional views sequentially showing the operation of
the magnetically coupled wafer extraction platform 100 according to the
invention. In Figs. 4a- 4c there are shown four parallel blades 88 for
extracting up to four wafers 84. It is understood that the invention may
include an array containing more or less than four wafers.

Fig. 4a shows the magnetically coupled wafer extraction platform prior to
extraction of the wafers from the cassette. The cassette holder 82, which is a
box that holds the wafer cassette 83 carrying the wafers 84, is positioned
flush to the opening 102 to the load lock 80. The opposing arrays of spaced,
parallel blades 88 in the upper assembly 86 define wafer slots 104 for
receiving the wafers from the cassette.

Fig. 4b shows the magnetically coupled wafer extraction platform during
extraction of the wafers from the cassette. The linear motor 94 causes the
lower magnet 92 set to slide out linearly from the extraction platform to the -
wafer cassette. The upper magnet set 90 also slides out linearly, in
response_thereto. An indexer 106 moves the upper assembly 86 vertically to -
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orient the blades to the wafers. The wafers are thereby picked up and held
within the individual wafer slots 104.

The figures illustrate the use of a multi-wafer end effector. However, one
skilled in the art will readily appreciate that the invention may also be used
with a single wafer end effector.

Fig. 4c shows the magnetically coupled wafer extraction platiorm
subsequent to extraction of the wafers from the cassette. The upper
assembly is retracted in the linear direction to bring the wafers into the load
lock. The wafer handler assembly 96 then enters between the blades and
the wafer transport 98 hfts one wafer for transfer mto the semiconductor
fabrication machine. In one embodiment of the invention, the wafer handler
may be of the “frog-leg” magnetically coupled type, as described in U.S.
Patent No. ?, as incorporated herein by referencs; or any other type of wafer
handler having at least “X” and “Y" motion, as is known in the art. In an
alternate embodiment of the invention, the wafer handler assembly removes
more than one wafer at a time from the cassette.

Figs. 5a-5d are diagrams illustrating the movement of the platform according
to the invention. The indexer and linear motor combinatiori permits
movement in three directions. The linear motor 94 permits linear movement
in the "X" direction. The indexer 106 permits vertical movement in the "Z"
direction. Additionally, the indexer 106 has a rotation feature. The platform
may thereby be rotated in the “q" direction. In one embodiment of the
invention, the indexer additionally may tilt the platform in the "F* direction.
The platform may thus be linearly and rotationally rﬁoved responsively to the
position of the wafer cassette 83.

The invention may be used with processing systems having one or more
processing modules, such as a cluster arrangement. ‘Fig. 6 is a side
sectional view of an exemplary semiconductor fabrication system 110
according to the invention. A wafer cassette holder 112, such as a SMIF-
type box, is positioned flush to the opening 114 of the load lock 116. The
wafer cassette holder and wafer cassette 118 are opened by the load/unload
mechanism 120.

A linear motor 122 causes the lower asserhbly 124 of the invention to slide’

out linearly from the extraction platform to the wafer cassette. The
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Claim 1, said notor further conprising: a |ineaj_notor,

magnetically-. coupled upper assembly 126 also slides out linearly, in
response thereto. An indexer 128 moves the upper assembly vertically to
orient the wafer slots 130 to the wafers. The wafers are thereby picked up
and héld within the individual wafer slots. The upp’er assembly is retracted
in the linear direction to bring the wafers into the chamber 132 of the load
lock 116.

The load lock chamber is then sealed and evacuated. While Fig. 6 shows a
one chamber load lock, one skilled in the art will readily appreciate that the
invention may also be used with two chamber load lock-systems (see, for
example U.S. Patent No. 5,391,035, Microenviranment Load Lock).

Once transferred to the lower chamber, a wafer handler assembly 136
inserts an end effector 142 into the upper assembly to extract a wafer 138
therefrom. Fig. 6 shows a single wafer end effector 142. However, as
previously described, the invention may also be used with a multi-water end
effector. The end effector transfers the wafer 138 to the semiconductor
fabrication system 144 for processing. The wafers are each returned to the

- cassette when processing has been completed.

Although the invention is described herein with reference to the preferred
embodiment, one skilled in the art will readily appreciate that other
applications may be substituted for those set forth herein without departing
from the spirit and scope of the present invention. For example, the
magnetic coupling may be provided at a vertical orientation. The invention
may thereby be used with systems for ve_rtically oriented wafer loading.
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CLAIMS

1. A wafer extraction platform, comprising:
a lower assembly;
an upper assembly having at least one wafer slot defined therein;
a coupling between said upper assembly and said lower assembly;
and
a motor to horizontally move said lower assembly relative to said
upper assembly.

2. 'The wafer extraction platform of Claim 1, said motor further
comprising:
a linear motor.

3. The wafer extraction platform of Claim 1, wherein said upper
assembly is retractably moved from said load lock to extract at least one
wafer from a cassette.

4, The wafer extraction platform of Claim 1, further comprising:
an indexer to vertically move said upper assembly.

5. The wafer extraction platform of Claim 1, further comprising:
a linear slide to permit movement of said upper assembly in response
to movement of said lower assembly.

. "The wafer extraction platform of Claim 1, wherein said wafer carrier
comprises two spaced parallel arrays each having defined therein at least
one slot for receiving a wafer.

7. The wafer extraction platform of Claim 1, wherein said upper
assembly simultaneously extracts a plurality of wafers from said cassette.

8. The wafer extraction platform of Claim 1, wherein said lower assembly
comprises a hollow shaft to receive feed throughs to said platform.

v
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12. The -waf E}agé‘?f'Fé’ef‘P@?E talce 8% Caim 1, wherein said notor further

an upper magnet set joined to said upper assembly; and
a lower magnet set joined to said lower assemnbly.

10.  The wafer extraction platform of Claim 9, wherein each of said upper
and lower magnet sets is assembled in a housing and secured with a
magnet cover.

11.  The wafer extraction platform of Claim 9, wherein said upper magnet
set includes one magnet and two corresponding pole pieces; and said lower
magnet set includes two magnets and three correspcn_ding pole pieces.

12.  The wafer extraction platform of Claim 1, wherein said motor further
comprises a controller to direct the movement of said lower assembly.

13. The wafer extraction platform of Claim 2, wherein said linear motor
comprises either a linear stepper motor or linear serve mechanism motor.

14.  The wafer extraction platiorm of Claim 2, wherein said linear motor is
mounted at atmospheric pressure inside said lower assembly.

15.  The wafer extraction platform of Claim 1, wherein said linear slide
comprises at least two linear bearings mounted on said lower assembly.

16. The wafer extraction platform of Ciaim 15, wherein said linear
bearings permit the horizontal movement of said upper assembly while
holding said wafer carrier substantially parallel to said wafers in said
cassette.

17. The wafer extraction platform of Claim 15, wheiein said linear
bearings are maintained at a vacuum in said vacuum enclosure within said
lower assembly.

18. The wafer extraction platform of Claim 15, wherein said linear
bearings are THK type bearings.
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20. The wafer extraction platform of Claim 19, wherein said vacuum to
atmosphere seal further comprises:

a first O-ring to seal said lower assembly; and .

a second O-ring to seal said bellows to said lower assembly.

21. The wafer extraction platform of Claim 1, further comprising a
positioning mechanism for leveling said platform.

22. The wafer extraction platiorm of Claim 21, said positioning
mechanism further comprising:
an indexer;
at least one level adjustment screw; and
_a calibration mark to which said slots may be set by adjusting the
height of said upper assembly with said indexer and/or said level adjustment
screw. .

23. The wafer extraction platform of Claim 21, said positioning
mechanism further comprising;

a sensor; and

a controller;

wherein said controller compares the level of said slots, as sensed by
the sensor, and develops a signal that operates to position said slots.

24. The wafer extraction platform of Claim 21, wherein said leveling
mechanism further comprises:

at least one level adjustment screw; and

a bellows joining said hollow shaft to said iower gssembly.

25. The wafer extraction platform of Claim 24, wherein said level
adjustment screw is adjusted by either manual or automatic means.
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| ower assenbly. 18. The wafer extraction platformof C ai y "mﬂnn“lll
said |inear bearings are THK type beari nqs.

26. A wafer extraction platform, comprising:

a lower assembly comprising a hollow shait to receive feed throughs
to said platform, at least one level adjustment screw, and a bellows joining
said hollow shaft to said lower assembly to permit adjustments to the level of
said 'platform;

an upper assembly having at least one wafer slot defined therein by
two opposing arrays of spaced, parallel blades;

a lower magnet set joined to said lower assembly;

an upper magnet set joined to said.upper assembly, wherein said
upper assembly is magnetically coupled said to said lower assembly;

a linear motor joined to said lower assembly to horizontally move
said lower.assembly;

an indexer to vertically move said upper assembly;

at least two linear bearings maintained at a vacuum and mounted on
said lower assembly to pemit the horizontal movement of said upper
assembly in response to movement of said lower assembly, while holding
said blades substantially parallel to said wafers in said cassette;

a first O-ring to seal said lower assembly, and a second O-ring to seal
said bellows to said lower assembly

wherein said upper assembly is retractably moved from a load lock to
simultaneously extract a plurality of wafers from a cassette for transfer to a
semiconductor fabrication system. '

27. A process for extracting wafers from a cassette, comprising the steps
of:

magnetically coupling an upper assembly having at least one wafer
slot defined therein to a lower assembly;

moving said lower assembly with a linear motor;

providing an indexer to vertically move said upper assembly;

providing a linear slide to permit movement of said upper assembly in
response to movement of said lower assembly; and

sealing said platform to provide a vacuum therein; _

wherein said upper assembly is retractably moved from a load lock to’
simultaneously extract a plurality of wafers from a cassette for_transfer to a

semiconductor fabrication system. - |REPLAGT
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extraction pl atf oateadlockichamberl, said positioning
at least one vacuum process chamber joined to said load lock
chamber; and
a wafer extraction platform, compriéing:

a lower assembly including a hollow shaft to receive feed
throughs to said platform, said lower assembly having a lower magnet set
joined thereto; '

an upper assembly having at least one wafer slot defined
therein by two opposing arrays of spaced, parallel blades, said upper
assembly further including an upper magnet set joined thereto such that said
upper assembly is magnetically coupled to said lower assembly;

a linear motor joined to said lower assembly to horizontally
move said lower assembly; and

an indexer to move said lower assembly;

wherein said uppér' assembly is retractably moved from said load lock
to simuitaneously extract a plurality of wafers from a cassette for transfer to a
vacuum process environment.

29. The semiconductor fabrication system of Claim 28,_further comprising:

at least two linear bearings maintained at a vacuum and mounted on
said lower assembly to permit the horizontal movement of said upper
assembly in response to movement of said lower assembly, while holding
said blades substantially parallel to said wafers in said cassette;

a controller to direct the movement of said lower assembly.

a mechanism for leveling said platform comprising at least one level
adjustment screw, and a bellows joining said hollow shaft to said lower
assembly to permit adjustments to the level of said platform; and

a first O-ring to seal said lower assembly, ahd a second O-ring to seal
said bellows to said lower assembly.

30. The semiconiductor fabrication system of Claim 28, further comprising:_

wafer handler for removing a wafer from said wafer extraction platform

for transfer to vacuum process chamber. o
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- -mechani sm further conprising: an i ndexer; at | east one |evel

adj ust ment “screw and a calibration mark to which said slots may be
set by adjusting the height of said upper assenbly with said i ndexer and/or
said | evel adjustment screw. 23. The wafer extraction platform of
Claim 21, said positioning mechanism furter conprising; a sensor;
and a controller; wherein said controller conpares the | evel of
said slots, as sensed -by t he sensor, and devel ops a signal that operates to

position said ?\Inots. :
' . AGNETICALLY COUPLED WAFER EXTRACTION PLATFORM

ABSTRACT

A wafer extraction platform that is compatible with a high vacuum transfer
system includes magnetically coupled upper and lower assemblies. A
vacuum to atmosphere seal on the platform is maintained with two O-rings.
Two opposing arrays of spaced, parallel blades in the upper assembly
define slots for receiving wafers from a cassette. The upper assembly moves
in response to a magnetically coupled linear slide mounted on the lower
assembly. The upper assembly moves outside the load lock, and the blades
pick up and simultaneously extract the wafers from the cassette. The upper
assembly retracts into the load lock, and the wafers are transferred to the
process chamber. A linear motor mounted at atmospheric pressure inside
the lower assembly permits the horizontal movement of the upper assembly
while holding the blades paraliel to the wafers. Level adjustment screws and
a bellows are used to level the platforrh.

Figure 1. 1REPLAGEM!:NT SHEET
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24. - The wafer..extraction platformof O aim2l, wherein said |eveling
mechani sm further conpri ses: at | east one |evel adjustnent screw, and
a bellows joining said hollow shaft to said | ower assenbly. 25. The

waf er extraction platform of Caim 24, wherein said | evel adjustnent
screw i s adjusted by either manual or automatic neans.
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-16-. 26. .. A.wafer extraction platform conprising: a |l ower assenbly
conprising a hollow.shaft to receive feed throughs to said platform at

| east one | evel adjustnent screw, and a bellows joining said hollow shaft
to said | ower assenbly to permt adjustnents to the |evel of said platform
an upper assenbly having at |east one wafzer sl ot defined therein by
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FIG. 2
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t'Wo - opp05|ng arrays of spaced, parallel bl ades; a |l ower magnet set
joined to-said | oner assenbly; an upper magnet set joined to said
upper assenbly, wherein said upper assenbly is magnetically coupled said to
said | ower assenbly; a linear notor joined to said |ower assenbly to
hori zontal ly nove said | ower assenbly; an indexer to vertically nove
sai d upper assenbly; at | east twodinear bearings maintained at a
vacuum and nmounted on said | ower assenbly to permit the horizontal novenent
of said upper assenbly in response to novenent of said | ower assenbly,
whi | e hol di ng said bl ades substanti y pargyggl to said wafers in said

cassette; a first Oring to sai d |l oner assenbly, and a second
Oring to seal said bell agSerbty whret-et-r—sai d upper
assenbly is retractably no d\igoes{ﬁoad l qck to sd‘ZI‘ba.ngously,,extract a
plurality of wafers from a casdet ster--{Q a
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seni conduct or fabrication system 27. A process for extracting wafers
froma cassett-e; conprising the steps of: magneti cal ly coupling an

_-~upper assenbly having at | east one wafer slot defined therein to a | ower

assenbl y; noving said | ower assenbly with a linear notor;

provi ding an i ndexer to vertically nove said upper assenbly;

providing a linear slide to permt novenght of said upper assenbly in
response to novenent of said | ower assenbly; and sealing said
platformto provide a vacuumtherein; wherein said upper assenbly is
retractably noved froma load |ock to sinultaneously extract a plurality of
wafers froma cassette for transfer to a sem conductor fabrication system
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£17- ~ 28. A sem conductor fabrication system conprising: a | oad

| ock chanmbers.::... at |east one vacuum process chanber joined to said | oad
| ock chanber; and a wafer extraction platform conprising:
REPLACEMENT SHEET
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a | ower assenbly including a hollow shaft to receive feed throughs to said
platform said | ower assenbly having a | ower magnet set joined thereto;

an upper assenbly having at |east one wafer slot defined thdf
opposi ng arrays of spaced, parallel blades, said upper asse LAEFWH@H'SHEET

i ncl udi ng an upper magnet set joined thereto such that saidjugper assSe€mpry ]
I's magnetically coupled to said | ower as§hnb|y; a IQn ﬁg g&
joined to said | ower assenbly to horizontally nove said | owgr jasse Py d
an i ndexer to nove said | ower assenbly; wherein sai d gpper—assenby

Is retractably noved fromsaid | oad | ock to sinultaneously gxtract a
plurality of wafers froma cassette for transfer to a vacuum process
envi ronment .
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Z9. .The sem conductor fabrication systemof Caim28, further conprising:

at least two |linear bearings maintained at a vacuum and nounted.on said

| ower assembly to permt the horizontal novenent of said UREP >SHEET
S .

response to novenent of said | ower assenbly, while holdin
substantially parallel to said wafers in said cassette;

C roller
to direct the novenent of said | ower assdpbly. a necgh niz%m %98

| eveling said platformconprising at | east one |evel adjustnent_screw. angd

a bellows joining said hollow shaft to said | ower assembly to permt

adjustnents to the level of said platform and a firlst

said | oner assenbly, and a second Oring to seal said bellows to said | ower
assenbl y. 30. The sem conductor fabrication systemof Caim28, further
conpri sing: . /'83
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waf er* handl er ‘forrenmoving a wafer fromsaid wafer extraction pI atformfor
transfer to vacuum process chanber.
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