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SEMICONDUCTOR WAFER PROCESSING MODULE 

Field of the Invention 

This invention relates to a wafer handler in 

a semiconductor wafer processing module which is 

connectable to other modules in a se~conductor wafer 

processing system. More particularly, this invention 

relates to a wafer handling turret particularly 

suitable for use in a sputter coating module. 

Background of the Invention 

In state of the art semiconductor wafer 

processing systems, the wafers are processed one at a 

time according to a predetermined sequence of steps. 

For maximum efficiency in performing a particular 

sequence of process steps, it is preferable to perform 

each step in a separate, evacuatable chamber, with the 

multiple chambers arranged in a circular array and 

interconnected to one or more central transfer cham-

bers or arranged in-line and interconnected via an 

in-line conveyor. This approach requires precision 

transfer of single wafers to and from, or along, the 

desired sequence of processing chambers • 
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To facilitate precise alignment of the 

wafers during transfer and to minimize the possibility 

of wafer breakage, it is highly desirable to move the 

wafers in horizontal disposition. Nevertheless, it is 

also preferable to process the wafers while disposed 

vertically. Vertical processing significantly reduces 

the possibility of undesired particulate contamination 

of the wafers, a condition to which semiconductor 

wafers are highly susceptible. Therefore, in proces­

sing of wafers one at ·a time, it is desirable to move 

a wafer from horizontal to vertical fer performance of 

. a processing step, and then back to horizontal, for 

subsequent conveyance to the next processing chamber. 

Another concern in processing of semiconduc­

tor wafers relates to production efficiency. Particu­

larly when wafers are processed one at a time, it is 

important to maintain maximum wafer throughput during 

operation of the system. This means that the time 

duration of the wafers in each of the chambers should 

be kept as short as possible, thereby to minimize 

overall processing time. The fewer the number of 

mechanical devices required to handle a wafer in any 

given module, the less overall time will be required 

to process a wafer through that particular module. 

It is also important for the system to be 

capable of operating substantially continuously, or at 

least with minimum downtime for maintenance of the 
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modules or for any intermediate steps that may occa­

sionally be required when processing a batch of 

wafers. One such intermediate step is required for 

sputter coating, where it is necessary to preclean the 

·sputtering target prior to coating of a new b~tch of 

wafers from a cassette. Typically, this precleaning 

step is accomplished by sputtering the target for a 

short duration. To minimize coating of surfaces 

within the module during precleaning, many sputtering 

modules include a shutter which is moved in front of 

the target prior to precleaning and away from the 

target after precleaning. This required movement of 

the shutter represents two mechanical steps to be 

performed, and as a result, wafer processing time 

within the sputtering module is increased and through-

put for the entire system is reduced. If the shutter 

were to be eliminated entirely, the sp~ttering module 

would have to be cleaned more frequently, which would 

also result in extra downtime. In short, present 

methods of precleaning a sputter target decrease the 

overall efficiency of wafer processing. 

It is an .object of this invention to simply 

and efficiently move semiconductor wafers one at a 

time from a horizontal conveying disposition to a 

vertical processing disposition within a wafer pro-

cessing module • 
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It is another object of this invention to 

reduce the number of operational steps typica·11y 

associated with sputter coating a batch of semicon-

ductor wafers. 

It is still another object of the invention 

to increase the efficiency of ~peration of a sputter 

coating module incorporated into a wafer processing 

system. 

summary of the Invention 

This invention contemplates a wafer proces-

sing module equipped with an inclined; rotatable wafer 

handling turret which receives a semiconductor wafer 

in horizontal disposition at a load/unload position 

and rotates the wafer approximately 180° about an 

inclined axis to locate the wafer in substantially 

vertical orientation at a vertical processing position 

across from a wafer .. processing appara:t:us. After 

processing, the wafer handling turret again rotates 

the wafer about the inclined axis back to the 

load/unload position. Thereafter, the wafer is 

retrieved by a wafer arm extendible through an access 

port in the module, and another wafer is moved into 

the module for processing in a similar manner. 

Movement of a wafer from horizontal to 

vertical, and then back to horizontal, by rotation of 

a wafer handling turret about a single, inclined axis 

simplifies and reduces the wafer handling equipment 
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required to be housed within the wafer processing 

module. 

Particularly when.the processing module of 

this invention is a sputtering module, this inventive 

wafer handling turret also reduces the maintenance 

time and the number of operational steps required to 

coat a batch of wafers. To accomplish this, the 

turret preferably includes three wafer holders and a 

precleaning shutter •. The wafer holders and shutter 

are mounted tq the turret in similar fashion, and they 

are spaced angularly 90° thereabout. ,_During pre­

cleaning, the.shutter is simply rotated to the verti­

cal processing position in front of the target, in the 

same manner that the wafer holders are rotated in 

front of the target. This structure eliminates the 

prior need for a separate shutter moving mechanism 

within the module because the same me~hanism which 

rotates the wafers for processing also moves the 

shutter into position for precleaning. 

If desired, four wafer holders may be spaced 

at 90° angles on the inclined wafer handling turret, 

and one wafer may be picked up at the load/unload 

position while another wafer is located at the pro­

cessing position. Thereafter, the two wafers are 

rotated simultaneously between the load/unload posi-

tion and the processing position . 

·.·.: 
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According to a pref erred embodiment of the 

invention, a wafer processing module includes an 

evacuatable housing with a port in one side and a 

cathode/target assembly removably connectable to the 

opposite side. A valve controls access into the 

housing through the port. Horizontal supports are 

located adjacent the port for holding a wafer received 

through the port. A vertically raisable platform 

moves the wafer from the horizontal supports to a 

load/unload position thereabove. A wafer handling 

turret mounted within the housing on ~n axis inclined 

at an angle of about 45° with respect to vertical is 

adapted to receive the wafer at the load/unload 

position, rotate the wafer to a vertical processing 

position across from the- cathode/target_ assembly, and 

then rotatably return the wafer to the load/unload 

position. 

The wafer is moved through the port during 

introduction and retrieval by a robot arm housed 

within· an adjacently situated transfer chamber. The 

vertically raisable platform moves the wafer upwardly 

.to the load/unload position where it ls held within a 

wafer holder, preferably a ring, by top surface 

engaging spring stops and bottom surface engaging 

latches. The platform then retracts downwardly. 

Rotation of the wafer holding ring and the turret 

about the inclined axis moves the held wafer from 
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horizontal to vertical disposition at the vertical 

processing station. A heating cylinder moves hori­

zontally to a location adjacent the rear surface of 

the vertically held wafer for heating the backside of 

the wafer during sputtering. When sputtering is 

complete, the heating cylinder retracks and the turret 

again rotates 180° about the inclined axis to move the 

sputter coated wafer back to the load/unload pos.ition, 

whereupon the vertically movable platform raises up to 

retrieve the wafer and return it to the horizontal 

supports. The valve then opens the port so that the 

sputter coated wafer can be retrieved from the 

supports by the robot arm. Subsequently, additional 

wafers are processed in a similar fashion. 

The turret is preferably rotatably driven by 

a stepping motor located outside of the housing and 

connected via a ferrofluidic feedthro~9.h· This 

reduces the number of mechanically movable parts 

within the module, .thereby minimizing particulate 

formation due to friction. 

One other important technical advantage of 

the invention arises from the fact that a vacuum 

chamber containing the components of the apparatus 

consists of two interconnected compartments, a 

horizontially extended load/unload compartment and a · 

vertically extended process compartment. This 

configuration maximizes the distance between the· 
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load/unload position and the source of generating 

process heat. This allows a user, if desired, to 

locate a device with a highly effective water pumping 

speed, i.e., a cold trap, within the chamber between 

the load/unload position and the access port to assist 

in water vapor removal. 

These and other features of the invention 

will be more readily understood in view of the 

following detailed description and the drawings. 

Brief Description of the Drawings 

Fig. 1 is a schematic plan ~iew depicting a 

· wafer processing system which incorporates a sput-

tering module equipped with an inclined, rotatable 

wafer handling turret in accordance with a preferred 

embodiment of the invention. 

Fig. 2 is a cross-sectional view taken along 

lines 2-2 of Fig. 1. 

Fig. 3 is an enlarged plan view of a wafer 

handling turret in accordance with a preferred embodi-

ment of this invention. 

Fig. 4 is a cross-sectional view taken along 

lines 4-4 of Fig. 3. 

Fig. 5 is an enlarged cross-sectional view 

of the sputtering chamber of Fig. 2. 

Fig. 6 is a sectional view taken along lines 

6-6 Of Fig. 5. 
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Fig. 7 is an enlarged cross-sectional view, 

similar to tig. 5, of the cylindrical turret housing 

and motor.· 

Detailed Description of the Drawings 

Fig. 1 shows a wafer processing system 10 

which incorporates a wafer processing module according 

to a preferred embodiment of the invention. The 

system 10 includes load lock chambers 11 and 12 for 

entry and exit of wafers to and from the system 10. 

The wafers are stored in the load l.ock chambers 11 and 

12 on vertically movable cassettes, and the wafers are 

retrieved from, and eventually returned to, the load 

lock chambers 11 or 12 by a rotatable wafer robot arm 

13 mounted within the center of a transfer chamber 14. 

Degas chambers 15 and 16, and an aligner chamber 17 

also connect to the first transfer chamber 14 around 

the periphery thereof. Preferably, ~~ch of the 

surrounding chambers 11, 12, 15, 16 and 17 are isolat-

able from first transfer chamber 14 by appropriate 

valves,- and are independently evacuatable·. An oppo-

site end of the aligner chamber 17 connects to a 

second transfer chamber 20 which.houses a second 

rotatable wafer robot arm 21. An etching chamber 25, 

one sputtering chamber 26, a rapid thermal processing 

chamber 27, another sputtering chamber 28 and an 

optional processing chamber 29 surround and connect to 

the second transfer chamber 20. Again, similar to the 
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chambers surrounding first transfer chamber 13, each 

of the chambers 25, 26, 27, 28 and 29 is isolatable 

from the second transfer chamber 20 by at least one 

valve and is independently evacuatable. 

The· invention relates to an inclined, 

rotatable wafer handling turret 32 housed within 

sputtering chamber 26. The wafer handling turret 32 

is more clearly shown in Fig. 2. While Fig. 1 shows 

one particular configuration of interconnected wafer 

processing chambers, it is to be understood that the 

wafer processing system 10 incorporat~ng the wafer 

handling turret 32 and module 26 of this invention may 

be rearranged to better accommodate other wafer 

processing sequences. It is also to be understood 

that, while the rotatable wafer handling turret 32 is · 

shown in conjunction with processing chamber 26, which 

is dedicated to sputtering, this wafe:z:: .. _handling turret 

32 may also be advantageously used in any wafer 

processing module or station which requires movement 

of a wafer 34 from a horizontal transfer disposition 

to a vertical processing disposition. 

Fig. 2 shows, in cross-sectional view, an 

inclined, rotatable wafer.handling turret 32 housed 

within sputter chamber 26 in accordance with the 

preferred embodiment of the invention. An exterior 

wall 33 of the second transfer chamber 20 has a port 

35 formed therein. The sputtering chamber 26 also has . 

. . · .. 
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a slit port 36 that communicates with port 35. 

Operation of a valve 37 provides horizontal access 

into the first sputtering chamber 26 through ports 35 

and 36 for the wafer robot arm 21 mounted in the 

second transfer chamber 20. The transfer chamber 20 

may also have a valve (not shown) for opening and 

closing port 35. The wafer robot arm 21 holds a wafer 

34 and extends horizontally into chamber 26 to place 

the wafer 34 at a receiving position upon horizontal 

wafer supports 39 and 40 which are mounted to upper 

ends of uprig~ts 41 and 42, respectively. The robot 

arm 21 holds the wafer 34 by gravity on a two-tine 

fork-like platform which brings the wafer 34 into 

chamber 26 at a vertical level slightly higher than 

the top of supports 39 and 40. The forks of the arm 

21 move horizontally around opposite sides of upright 

41 and support 39. The robot arm 21 -~hen moves 

vertically downward to transfer the wafer 34 from the 

forks to the supports 39 and 40. The robot arm 21 

then retracts through ports 35 and 36, and valve 37 

closes. 

From the supports 39 and 40, the wafer 34 is 

moved vertically upward to a loading position 38 where 

it is held and retained by a wafer holder 43 which 

forms part of the wafer-handling turret 32. The 

manner of vertical raising and holding of the wafer 34 

by the wafer holder 43 will be discussed in more 

. . . . . ···. ·. . . · ... ~ . . . .. 
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detail later in this detailed description. The 

inclined, rotatable wafer handling turret 32 is 

mounted to chamber 26 along an inclined axis 46 that 

is inclined at an angle of about 45• from vertical. 

Rotation of the wafer handling turret 32 approximately 

1so· about axis 46 moves the wafer 34 from horizontal 

disposition at loading.position 38 to a vertical 

disposition at a processing position 48. A cathode 

assembly designated generally by numeral 49 removably 

connects to an outer or rear wall 51 of the first 

sputtering module 26. The cathode a~embly 49 

includes a sputtering target 52 mounted vertically and 

spaced from the wafer processing position 48. After 

sputter coating, the wafer handling turret 32 rotates 

another 180° to move the wafer holder 43 and wafer 34 

back to the loading position 38. 

The inclined, rotatable wafer handling 

turret· 32 includes at least two wafer holders 43 

spaced angularly 180° apart. With two wafer holders 

43 spaced 1so• apart, and controlled rotation of the 

turret 32 in 180° increments, one of the holders 43 is 

always located at the load/unload position 38 and the 

other wafer holder 43 is located at the wafer proces­

sing position 48. Preferably, the wafer handling 

turret 32 includes three wafer holders 43 and a 

disc-shaped shutter 44 spaced 90" apart (Fig. 3). 

·: . .. . . ; . . 
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Use of three wafer holders 43 and a shutter 

44 reduces downtime for the module 26, and as a 

result, for the whole system 10. Sputter coating 

invariably causes some undesired deposition of sput-

tered material onto any accessible surfaces within the 

chamber 26. Typically, the most accessible surfaces 

are those which hold the wafer 34 during sputtering. 

After a period of time, the total accumulation of 

sputtered material· onto these surfaces becomes intol-

arable and requires disconnection.of the sputtering 

module 26 for cleaning.. Disconnection and cleaning 

represents downtime that could otherwise be used for 

wafer processing. The use of three wafer holders 4·3 

lengthens the time span between cleanings because, 

basically, undesired sputter coating is spread over 

three different holders 43. In short, with three 

wafer holders 43, for a given length_9f time, and with 

equal use of all three wafer holders 43, the total 

accumulation of undesired sputtered material on each 

of the wafer holders 43 is less than it would·other-

wise be if only one or two wafer holders 43 were used. 

Perhaps more importantly, throughput time for a batch 

of wafers 34 is.decreased because the wafer handling 

turret 32.also includes the shutter 44 which may be 

easily rotated in front of target 52 for precleaning. 

No separate precleaning operation is required other 

than simple mechanical rotation of the turret 32, the 

.. 
· .. .-: .. _·:·· .. 

··.· .. 
. .· ·.·:.: 

. . ·: : .. ·.· ·.· . 

. ·.·:·: 



,. 

. _::·.;.: .. · • .. 

. . 

. ·. ·.... . . .. -~ -~ > .. _: · ... 
·. ·. : .. . . . . . . . . . : 

.•' . ·:-·· 

-14-

same device which moves the wafers 34 into position 

for sputtering. 

While the system 10 may be operated to 

utilize two wafer holders 43 simultaneously, this mode 

of operation is not preferred. For most wafer pro-

cessing applications, one wafer holder 43 is used and 

the turret 32 is rotated in 180° increments to move a 

held wafer from horizontal to vertical, and then vice 

versa. When it is time to use a different wafer 

holder 43, the turret 32 is simply indexed 90° with no 

wafer 34 in chamber 26 to place the next wafer holder 

43 to be used in a horizontal orientation at the 

loading position 38 • 

. A vertically raisable elevator platform 58 

rides on air·cylinder 59. The elevator 58 and air 

cylinder 59 reside beneath wafer loading position 38 

and between uprights 41 and 42. · The p~atform 58 

provides cooling by surface contact with the bottom of 

the wafer 34 after sputtering and prior to retrieval 

of the wafer 34 from sputtering module 26 by robot arm 

21. Platform 58 is cooled by tube 57 which carries 

cooling fluid. If desired, the.wafer 34 may also be 

cooled prior to sputtering. Air cylinder 59 is 

surrounded by a cylindrical bellows 60 to provide 

pressure differential necessary for vertical raising 

and lowering of the cylinder 59. Support plate 56 and 

platform 58 seal the inside of chamber 26 from the 

.·.· .. 
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cy~inder 59. Otherwise, due to the vacuum environment 

required for wafer processing, pressurized vertical 

movement of cylinder 59 would not be possible. If 

desired, this plate 56 and platform 59 may be a one 

piece· construction. 

Air cylinder 59 also vertically raises the 

wafer 34 off of the horizontal supports 39 and 40 and 

into the loading position 38 where it is grasped and 

retained by one of the wafer holders 43. After 

sputtering, the cylinder 59 also retrieves the wafer 

34 from the wafer holder 43 and moves~it downwardly.to 

the supports 39 and 40, whereupon robot arm 21 removes 

the wafer from the first sputtering chamber 26. The 

cylinder 59 is vertically movable a sufficient 

distance to prevent any contact with the wafer 

handling turret 32 during rotation. 

A glass panel 61 is located.above loading 

position 38 to enable an operator to look downwardly 

into the first sputtering module 26. Sputter module 

26 also includes another cylinder 64 that is 

horizontally movable to a location adjacent to the 

rear surface of a wafer 34 held by.the wafer holder 43 

at the processing position 48. This cylinder 64 

carries a heater to heat the wafer 34 during sputter 

processing. After sputtering, the cylinder 64 

retracts horizontally in the direction of second 

transfer chamber 20. The heating cylinder 64 is also 

1lii1iiUf 
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surrounded by a bellows 65. Horizontal movement of 

heating cylinder 64 must be sufficient to prevent any 

contact between the heating cylinder 64 and the wafer 

handl·er 32 during rotation. Preferably, the heating 

cylinder is of reduced· diameter as as to fit within 

the wafer handler 43, almost in contact with the 

backside of wafer 34 when held across from the target 

52. 

The module 26 also inclu.des a gate valve 67 

and a vacuum pump 68 for evacuating the module 26. 

Upper and lower shields 70 and 71 extend downwardly 

and upwardly, respectively, from the rear wall 51 to 

minimize undesired sputter coating of surfaces other 

than the wafer 34. As shown in Fig. 2, sputter module 

26 also preferably includes a support frame 74 mounted 

on wheels 75 for increased mobility in configuring a 

desired wafer processing system 10. 

As shown in Fig. 3, the wafer handling 

turret 32 includes a·base plate 76 connected 

orthogonally to the bottom end of a turret housing 77 

(Fig. 7). Four arms 78 extend from equally spaced 

positions on the base p;l.ate 76. Each arm 78 extends 

at an angle 80 of about 45° from axis 46. Each arm 78 

has a cross piece 81 connected perpendicularly at an 

end thereof. Each cross piece 81 has two angled end 

surfaces 82 with threaded bores 83 therein. The plate 

76 also has four similar threaded bores 82, each 

. . . •'. 
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located midway between a pair of the arms 78. Each of 

the bores 83 is sized to receive a screw 86 for 

holding a ceramic pin 84 which extends radially 

inwardly from the respective arms 78 and plate 76 to 

capture a ring 85 which forms part of the wafer 

handle·r 43. . Preferably, the pins 84 and screws 86 

remain in plate 76. When mounting a wafer holder 43, 

the other two pins 84 are.mounted by extending the 

screws 86 through holes aligned with the bores 83 on 

opposite sides of wafer holder 43. As shown in Fig. 

3, the turret 37 preferably has three~wafer holders 43 

and a shutter 44, each held between a pair of arms 78 

by ceramic pins 84. The ceramic pins 84 allow radial 

expansion of the wafer holder 43 at the high 

temperatures typically associated with wafer proces­

sing, i.e., up to soo·c. Even with.radial expansion 

during sputtering, the wafer holders 4.~ remain 

centered between the respective arms 78. Moreover, 

·the ceramic pins 84 electrically and thermally isolate 

the wafer holder 43 and wafer 34 from the rest of the 

turret 32. 

Each wafer holder 43 has radially inwardly 

directed spring stops 88 spaced equidistantly about 

its inner diameter, as shown in both Figs. 3 and 5. 

When a wafer holder 43 is at the loading position 38, 

the spring stops 88 are on the top surface. The rings 

85 are sized so that the inner diameter is slightly 

:.· • This.Sheet Has Been Replaced. 
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oversized with respect to the diameter of the wafer 34 

to be processed. The spring stops 88 e~tend radially 

inwardly a sufficient distance to prevent the wafer 34 

from moving above the top surface of the ring 85. 

Each ring 85 also has at least three latching 

mechanisms _90 angularly spaced on 120° intervals 

around its bottom surface. Each latching mechanism 90 

includes a latch 91 oriented substantially tangential 

with the inner circumference of the respective ring 

85, but which may be rotated into a radial position 

after a wafe·r 34 has been raised up within the ring 

85. 

Radial rotation of the latch 91 captures the 

wafer 34 between the spring stops 88 above and the 

latches 91 below (Fig. 5). Rotation of each latch 91 

from a tangential position to a radial ·position is 

accomplished by rotation of a pair of spaced actuating 

rods 94 which are mounted on, and vertically movable 

with the cooling cylinder 59. Each pair of rods 94 is 

spaced and sized to be received within a correspond­

ingly spaced and sized slot 93 in the bottom of the 

latch 91. Each pair of actuating rods 94 is connected 

to a ferrofluidic feedthrough 92 rotatably driven by a 

pulley 95 connected by a timing belt 97 to a pneumatic 

actuator 96 which is actuated by a controller (not 

shown). One input·into the controller is a sensor 

(not shown) which senses a vertical position of 

. ·.· .. 
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cylinder 59 corresponding to contact of the wafer 34 

with the spring stop 88. Other inputs to the 

controller may include programmable signals from a 

timing devi~e. The cooperative interaction of the 

latches 91 and rods 94 is substantially similar to the 

wafer holding device described in applicant's commonly 

assigned U.S. Patent No. 4,909,695, which is expressly 
;. 

incorporated by reference herein in its entirety. 

More particularly, Figs. 20, 21 and 24 of U.S. 

4,909,695 show a substantially similar structure for 

holding a wafer within a ring. Thereafter, lowering 

of cylinder 59 lowers the wafer 34 into surface 

contact with the radially directed latches 91 below, 

with downward force continuously applied to the top of 

the wafer 34 from the spring stops 88 above. Lowering 

of cylinder 59 also lowers the actuating rods 94. 

If wafers. of different diam~~ers ·are to be 

process~d, the inner diameter of the wafer holders 43 

must be reduced accordingly so that the radially 

inwardly extending spring stops 88 and latches 91 will 

retain the peripheral top and bottom surfaces, respec-

tively, of the different sized wafers 34 held there-

between. The actuator rods 94 must also be moved 

radially inward or outward to accommodate the differ-

ent location of the la:tches 91. 

In operation, with yalve 37 open, the robot 

arm 21 extends horizontally from second transfer 

.· ·:. 
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chamber 20 through ports 35 and 36 to place a wafer 34 , 

onto horizontal supports 39 and 40. The robot arm 21 

supports the wafer 34 on forks which move around 

upright 41 during horizontal movement. Fig. 6 shows a 

top view of the supports 39 and 40, and the robot arm 

21 is also shown in phantom. The arm 21 then lowers 

sufficiently to transfer the wafer 34 from the forks 

to the horizontal supports 39 and 40. Thereafter, the 

robot arm 21 retracts through ports 35 and 36, and 

valve 37 is closed. 

The cylinder 59 then raises-up from a 

retracted position into conta.ct with the bottom of the 

wafer 34. Continued raising moves the wafer 34 within 

the ring 85 of the respective wafer holde~ 43 and into 

contact with the spring stops 88. The cylinder 59 is 

raised sufficiently to move· the wafer 34 slightly 

beyond the vertical, at rest position--·of the springs 

as.· This vertical level of cylinder 59 places the 

rods 94 within the latches 91. When sensors (not 

shown) detect this predetermined vertical position of 

the cylinder 59, the actuating rods 94 rotate to move 

the respective latches 91 from tangential disposition 

to radial disposition beneath the lower surface of the 

wafer 34. With the latches 91 oriented radially, the 

cylinder 59 retracts downwardly to its original 

position, leaving the wafer 34 held between· the stops 

88 and the .latches 91. If desired, cooling may occur 

·.·· .. . . .. 
.. · 
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during the loading operation. The turret 32 tnen 

rotates 180° to locate the held wafer 34 in the 

vertical processing position 48 in front of the 

processing assembly 49 for sputter coating. Once in 

this vertical position, the heating cylinder 64 

extends horizontally toward the backside surface of 

the wafer 34 for heating during sputtering. When 

processing has been completed, the turret 32 is again 

rotated 180° to move the wafer 34 back to the loading 

position 38. 

The cylinder 59 then raises-up again to 

contact and cool .the wafer 34 as it is retrieved from 

the wafer holder 43 in the same manner described 

previously, but in reverse. During retrieval, the 

rods 94 rotate the latches 91 back to tangential. The 

controller preferably moves the rods 94 according to a 

predetermined timing sequence, dependirig upon how much 

cooling of the wafer 34 is desired. The cooling 

cylinder 59 then lowers the wafer 34 downwardly until 

it rests upon supports 39 and 40. Valve 37 then 

opens, and the robot arm 21 extends horizontally 

through ports 35 and 36 at a level below the supports 

39 and 40, raises upwardly a slight distance to lift 

the V??tfer 34 therefrom and retracts horizontally back 

into the second transfer chamber 20. Thereafter, each 

additional wafer 34 to be processe~ is moved into 

... ·.· .·_· .· .· 
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chamber 26, loaded, rotated, processed, rotated again, 

unloaded and then retrieved in a similar fashion. 

The configuration of the module 26 with both 

a vertical component and a horizontal component 

provides another advantage. By mounting ·a downwardly 

opening c-shaped adaptor 100 between the load/unload 

position 38 and port 36, and placing additional "cold 

trap" components 101 in communcation with the module 

26 thereat, more efficient pumping of water vapor from 

the module 26 may be achieved. The cold trap 101 acts 

as another cyrogenic pump connected to the module 26 

and it is particularly effective because it is spaced 

away from heat sources in the module 26 such as the 

target 52 and heater 64, which would otherwise 

interfere with removal of water vapor. 

While a pref erred embodiment of the inven­

tion has been described, ·it is to be understood that 

the invention is not limited thereby and that in light 

of the present disclosure, various other alternative 

embodiments will be apparent to a person skilled in 

the art. For instance, the vertical processing 

position 48 could be above the load/unload position 

38, rather than below, with the inclined axis of the 

turret 32 oriented perpendicularly to axis 46 as it is 

presently shown in the Figures. The number of wafer 

holders 43 could also be increased or decreased, and 

the shutter 44 could be sized either larger or smaller 

.· · .. 
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than the w~fer holders 43. It may also become desir­

able to move and process wafers· 34 in disposition 

other than from horizontal to vertical, respectively. 

Accordingly, the inclination of the axis 46 could be 

varied as desired. 

Accordingly, it is to be understood that 

chang~s may be made with.out departing from the scope 

of the invention as particularly set forth and 

claimed. 

I claim: 

.-
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1. A semiconductor wafer processing module 

usable with a semiconductor wafer.processing system, 

the module comprising: 

an evacuatable housin9 having a port formed 

therein; 

means for evacuating said housing; 

a wafer handling turret mounted within the 

housing and adapted to be rotated about an inclined. 

axis angled at about 45° from vertical; 

at least one wafer holder connected to the 

turret, the wafer holder adapted to receive and hold a 

wafer in substantially horizontal disposition at a 

load/unload position adjacent the port when the turret 

is in a first position and to hold the wafer in 

substantially vertical disposition at a processing 

position when the turret has been rotated approximate-

ly 180° about the inclined axis to a second position, 

means for rotating said turret between said 

first and second positions, and 

means located across from the processing 

position for processing a wafer held thereat. 

2. ·The wafer processing module of claim 1 

wherein the at least one wafer holder is oriented.at 

an angle of about 45" from the inclined axis. 
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3. The wafer processing module of claim 1 

further comprising: 

at least two wafer holders connected to said 

turret and spaced angularly about said inclined a·xis 

180° apart from each other. 

4. The wafer processing module of claim l 

wherein there are three wafer holders and a shutter 

angularly spaced 90° apart from each other about said 

inclined axis, the shutter adapted to be selectively 

positioned in front of the wafer proe!'essing means 

during a precleaning operation after said turret has 

been rotated by said turret rotating means. 

5. The wafer processing module of claim l 

wherein the wafer handling turret further comprises: 

a base plate oriented orth9gonally to said 

inclined axis; 

four mounting members, each mounting member 

extending from the base plate at equally spaced 

locations thereof: 

three wafer holders and a shutter, each of 

the wafer holders and shutter mounted between a 

different pair of adjacent ~ounting members and angled 

at 45° from the inclined axis and equally spaced about 

said inclined axis at.90° intervals. 
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6. The wafer processing module of claim s 

wherein each wafer holder is connected to the base 

plate and between a respective pair of.adjacent 

mounting members by ceramic pins, thereby to permit 

unobstructed radial expansion of the rings at high 

temperature. 

7. The wafer p-rocessing module of .claim 1 

wherein the means for rotating the turret is located 

at least partially outside of the housing. 
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8. A wafer processing module comprising: 

a housing having a port formed in a wall 

thereof for entry and exit of a wafer to be processed:" 

valve means for opening and closing the 

port: 

means for evacuating the housing: 

support means located adjacent the port for 

supporting a wafer in horizontal disposition: 

elevator means for vertically raising a 

wafer from the horizontal support means to a 

load/unload position located thereabe'Ve: 

~ wafer handling turret located in said 

housing and supported for rotational motion about an 

axis inclined to the vertical and horizontal, said 

turret including at least one wafer holder adapted to 

receive and hold the wafer in a horizontal disposition 

at the load/unload position and rotatably move the 

held wafer about said inclined axis into a vertical 

disposition at a processing position: 

wafer processing means located opposite from 

the processing position for processing a wafer held 

thereat: and 

means for rotating the turret about said 

inclined axis to move said wafer holder between said 

load/unload position and said processing position. 
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9. The wafer processing module of claim 8 

wherein the ~afer processing means includes a cathode 

target assembly and the wafer processing step is 

sputter coating. 

10. The wafer processing module of claim 8 

wherein the processing position is located below the 

load/unload position. 

11. The wafer processing module of claim 8 

wherein the wafer processing means isr-'removably 

connectable to the housing. 

12. The wafer processing module of claim 8 

wherein-the wafer handling ~urret includes two wafer 

holders spaced 180° apart about said inclined axis. 

13. The wafer processing module of claim 8 

wherein the wafer handling turr.et includes three wafer 

holders and a shutter spaced 90° apart about said 

inclined axis. 
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14. The wafer processing module of claim 8 

wherein the elevator means for vertically raising a 

wafer further comprises: 

a first heat transfer means for transferring 

heat between the heat transfer means and the wafer 

while the wafer is associated with said elevator 

means. 

15. The wafer processing module of claim a 

wherein the elevator means for vertically raising a 

wafer further comprises: =-

means cooperatively interacting with the 

wafer holder for retaining a wafer associated 

therewith prior to wafer processing and retrieving the 

wafer therefrom after wafer processing. 

16. The wafer processing module .. of claim 8 

further comprising: 

a second heat transfer means for 

transferring heat between said heat transfer means and 

a wafer located at said processing position, said 

wafer heat· transfer.means horizontally movable to ~ 

position adjacent to the processing position for 

cooling and/or heating the backside of a wafer located 

at said proc~ssing position. 

·11iiififlf 

1-.11111111111111111111111111111 .. .. . . 

·. .. · * c L M s * .. . .. . ..... .. . .. 

. ·,:;.\_::\:/:·.-·: .. .. 
. .. .. .· .· .. . ·: . .. ... . . ... 

.. 



-30-

17 •... The wafer processing module of claim 8 

further comprising: 

wheels connected to the bottom of the 

housing to facilitate convenient transport and 

iritercc:innection of the module to a wafer processing 

~ystem containing other processing modules. 

18. A wafer processing system comprising: 

means for placing a wafer in substantially 

horizontal disposition at a load/unload position_ 

within a processing chamber: 

means for processing a substantially verti-

cally disposed-wafer in the processing chamber: and 

means for rotatably moving a wafer·about a 

single inclined axis f_rom a substantially horizontal 

dispositio.n at said load/unload position to a 

substantially vertical disposition adjacent the means 

for processing the wafer, the means for rotatably 

moving said wafer further adapted ~o move the 

processed wafer back to a substantially horizo_rital 

disposition at said load/unload position by rotation 

about said inclined axis. 

. : .. 

. ··, 
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19. A sputtering module comprising: 

a housing: 

means for supporting a wafer in substantial­

iy vertical disposition in the housing: 

. a sputter target located within the housing, 

the target oriented in substantially_ vertical disposi-

tion: 

a ·wafer handling turret rotatable about an 

axis inclined relative to the vertical and horizontal 

to move the wafer between a substantially horizontal 

disposition adjacent the supporting maans and a 

substantially vertical.disposition adjacent the· 

target. 

20. The sputtering module of claim 19·and 

further comprising: 

at least one wafer holder c9pnected to the 

turret for holding the-wafer horizontally adjacent the 

supporting means and vertically adjacent the target .. 

21. The sputtering module of claim 20 and 

further comprising: 

three wafer holders and a precleaning 

shutter connected to the turret and spaced angularly 

90° apart. 
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22. A module comprising: 

a housing including: 

a first compartment having an open vertical 

side, and 

a second compartment having an open 

horizontal side, 

said vertical and horizontal sides being 

adjacen~ each other, 

a turret within said housing rotatable about 

an axis inclined to the vertical and horizontal 

between first and second·posit~ons, a~fi~st wafer 

holder extending from said turret, said wafer.holder 

being disposed in a horizontal disposition within said 

first compartment when said turret is in said first 

position, said wafer holder being disposed in a 

vertical disposition within said second compartment 

when said turret is in said second po~ition, 

means for rotating said turret between said 

first and second positions to transport a wafe~ 

between said first and second compartments, 

wafer.processing means in·said second 

compartment to process a wafer located in said second 

compartment when· said turret is.in said second 

position to position said wafer holder in said second 

compartment, and means coopera~ing with said first 

compartment to selectively transfer a wafer to and 
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from said wafer holder in said first compartment when 

said· turret is in said first position. 
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23. The module of claim 22 further comprising a 
. ' 

second wafer holder mounteQ to said turret; said first 

and second wafer holders being oriented 180° apart 

about· said inclined axis to locate said first and 

second wafer holders in said firs·t and second 

compartments. 
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24. the module of claim 22 and further com-

prising: 

means for evacuating water vapor from the 

first compartment. 

25. A method for proces~ing semiconductor wafers 

comprising the steps of: 

a) placing a first wafer in a 

substantially horizontal disposition at a load/unload 

position within a wafer processing module; 

b) rotating the.first wafer 180° about an 

axis inclined to the vertical and horizontal to move 

the first wafer from a substantially horizontal 

disposition at the load/unload position to a 

substantially vertical disposition at a processing 

position located within the chamber: 

c) processing the first wafer at the 

processing position: and 

d) rotating the first wafer 180° about the 

inclined axis from the processing position back to the. 

load/unload position • 
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26. The method of claim 25 and further com-

prising the steps of: 

placing a second wafer at the loa_d/unload 

. positio·n when said first wafer is at the processing 

position~ and 

moving, after the first wafer has been 

processed, the. second wafer to the processing position 

simultaneously with.step d). 

. 27. The method of claim 25 and further 

·comprising the step of: 

heating the wafer at the processing 

position. 

28. The method ·of· claim 2.5 and further compising 

the ·step of: 

transferring heat between the wafer and a 

heat transfer unit while said wafer is at said 

load/unload position. 

.· . . . 

Mllllll llllll lllll lllll IHlll 
* ~ C L M S * 

. ·.· . 


