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WAFER TRANSPORT MODULE WITH ROTATABLE AND 
HORIZONTALLY EXTENDABLE WAFER HOLDER 

Field of the Invention 

This invention relates to a transp_ort module 

used in the manufacture of se~iconductor wafers, and 

more particularly, to a waf·er transport module which 

5· conveys a wafer between a horizontal wafer handling 

apparatus and a vertical wafer processing apparatus. 

Background of the Invention 

The manufacture of semiconductor sub~trates, 

or wafers, requires a vacuum environment free of 

10 contaminants. Particulate. and/or dust generated 

15 

during handling or processing can destroy a wafer. To 

reduce the susceptibility of wafers to particulate 

contamination, it is preferable to process wafers 

while they are held in vertical orientation. 

Applicant's U.S. Patent No. 4,909,695 

discloses a vertical wafer processing apparatus which 

includes a load/unload station and a plurality of 

processing stations spaced equidistantly around a 

horizontal axis. The vertical wafer processing 

'20 apparatus carrier includes at least one wafer holding 

ring which holds a wafer in vertical orientation, with 
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preferably one wafer holding ring for each of the 

stations. To process the wafers, the carrier rotates 

the wafers successivel"y, in carrousel fashion, to each 

of the processing stations. One processing step is 

5 performed at each station, and the process begins and 

ends at the load/unload station. 

Another type of wafer processing apparatus 

includes a central horizontal wafer handling module or 

apparatus connected to a plurality of wafer processing 

10 modules which are connectable around the outside of 

the wafer handling module. The horizontal wafer 

handling apparatus includes a robot arm which is 

extendable into any of the.other processing modules to 

transfer a.wafer therein for the performance of a 

15 desired process .on the wafer. With a wafer processing 

system of this type, versatility in processing various 

types of wafers is achieved and throughput is 

increased because the wafer robot can move each wafer 

into and out of one or more of the modules according 

20 to any selected processing sequence. Also, the 

surrounding processing modules can be changed ~o suit 

the particular types of wafer processing needed. 

Applicant's u.s. Patent No. 5,154,730 discloses a 

sputtering module which is connectable to a horizontal 

25 wafer handling apparatus of this type. 

.. • 
.... 

Unfortunately, for some wafer manufacturing 

applications, this approach slows down throughput, 

because only one manufacturing step occurs in each of 
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the modules. While additional modules can be 

connected to the handler module, or an additional 

handler module can be added, this increases the 

overall complexity of the system and also increases 

5 space requirements. 

It is an objective of this invention to 

combine the contaminant-free benefits of a.vertical 

wafer processing apparatus with the enhanced 

versatility in processing capability provided by a 

10 horizontal wafer handling apparatus. 

15 

It is another objective of the invention to 

simultaneously achieve a high degree of wafer 

processing versatility and wafer processing throughout 

with only_ minimum space requirements. 

The above-stated objectives are met by a 

wafer transport module which interconnects a 

horizontal wafer handler with a vertical wafer 

processor. The wafer transport module of this 

invention includes a housing which houses a wafer 

20 holder and a first port in communication with the 

horizontal wafer handler and sized to permit passage 

therethrough of a wafer in horizontal orientation. 

The wafer transport module also includes a second port 

in communication with the vertical wafer processor and 

25 sized to permit passage therethrough of a wafer in 

vertical orientation, parallel with a wall of the 

housing in which the second port is formed. 

· .. ·. 
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The wafer holder receives wafers in 

horizontal orientation from a robot in the horizontal 

wafer handler, secures the wafer to a horizontal 

pedestal, rotates the wafer and pedestal about an 

5 inclined axis to vertical orientation, and then 

horizontally extends the vertically held wafer out of 

the transport module to a load/unload station of the 

vertical wafer processor. 

Because the wafer holder used in this wafer 

10 transport module rotates about an inclined axis,_ one 

rotational movement moves the wafer from horizontal 

orientation adjacent the first port to vertical 

orientation aligned with and adjacent the second port. 

Th~ wafer holder then horizontally extends the 

15 vertically held wafer through the second port and into 

20 

a load/unload station for transfer to the vertical 

wafer processor. After wafer process~ng is complete, 

the sequence is reversed to return the wafer to the 

horizontal wafer handler. 

This transport module effectively 

interconnects a horizontal wafer handler with a 

vertical wafer processor, while occupying only a 

minimal amount of space. This wafer transport module 

provides a marriage between a horizontal wafer 

25 processing and/or handling system and a vertical wafer 

processing and/or handling system, thereby enabling a 

wafer manufacturer to maximize wafer throughput, 

optimize versatility in selecting a desired sequence . 

. ·.· . . . · .. . 
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of processing steps and also to operate with minimal 

wafer susceptibility to contamination from 

particulate. 

According to a preferred embodiment of the 

5 invention, a wafer transport module for 

interconnecting a horizontal wafer handling apparatus 

with a vertical wafer processing apparatus includes an 

evacuatable housing with first and second ports formed 

in adjacent side walls thereof. The first.port 

10 communicates with a horizontal wafer handling 

apparatus and is sized to permit passage therethrough 

of a wafer in 4orizontal orientation. The second port 

communicates with a load/unload station of a vertical 

wafer processing apparatus, and.the second port is 

15 sized to permit passage therethrough of a wafer in 

vertical orientation and parallel with the side wall 

through which the second port is form~d. 

The wafer transport module further includes 

a wafer holder with a wafer retaining pedestal. The 

20 wafer holder is mounted to an inclined turret and 

rotatable with respect to the turret to move the wafer 

holder and pedestal between horizontal orientation and 

vertical orientation, and vise versa. The wafer 

transport module also includes a piston mounted to a 

25 side wall of the housing located opposite the second 

port. When the wafer holder and pedestal are in 

vertical orientation and aligned with the second port, 

the piston horizontally extends and retracts the wafer 

.·· ... . · .: ..... _ ..... 
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holder and pedestal through the second port and into 

the load/unload station of the vertical wafer 

processing apparatus. 

The wafer holder further includes a 

5 plurality of pins which. are exte.ndable outwardly from 

and retractable into the pedestal. The pins are 

carried on a plate located below the pedestal and 

within the wafer holder. When the pedestal is 

horizontal and the pins are extended, a wafer may be 

10 received on the pins through the first port via a 

robot arm extended therethrough from the horizontal 

wafer handler. As the pins retract, the wafer lowers 

to the pedestal until the backside surface of the 

wafer is supported thereon. 

15 A plurality of clamps are located radially 

outside of the pedestal. The clamps move between a 

radially outward open position and a radially inward 

closed position. When in the closed position, the 

clamps engage the front surface of the wafer adjacent 

20 its perimeter. When the pins are extended, the clamps 

are in th~ open position. 

With the wafer retained on the pedestal by 

the clamps and the pedestal and wafer oriented 

horizontally and adjacent the first port, the wafer 

25 holder may rotate about the inclined axis to move the 

. · .· . 
.. ·. ·.·.: · .. · 

.. ... . 

pedestal and wafer into vertical orientation, in 

alignment with the second port. Thereafter, the 

piston horizontally extends the wafer holder, 

. : . . •.' 

.. ·; ,· 
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including the pedestal and the wafer retained thereon, 

through the second port. 

Upon horizontal extension through the second 

port, the front surface of the wafer contacts spring-

5 biased tabs supported by a wafer holding ring carried 

by the vertical wafer processing apparatus. With the 

wafer engaged on it·s front surface by the tabs, a 

plurality of actuators carried by.the wafer holder and 

located radially outside of the pedestal interact with 

10 the wafer holding ring of the vertical wafer processor 

to rotate rollers held by the ring into engagement 

with the rear surface of the wafer. The rollers 

rotate into cutout regions in the side of the pedestal 

to move behind the wafer without interfering with the 

15 pedestal itself. With the wafer held in vertical 

orientation between the rollers and the tabs of the 

wafer holding ring, the clamps move raQially outwardly 

to their open posit~ons. The wafer holder ring has 

internal radially directed notches formed therein to 

20 enable the clamps to move radially outwardly without 

interfering with the wafer holding ring itself. The 

wafer holder then withdraws into the module. A gate 

valve may then be closed to isolate the transport 

25 

module from the vertical wafer processor. 

After the first wafer is transferred to the 

vertical wafer processor, another wafer may be 

obtained from the horizontal wafer handler and then 

transferred to the next wafer holding ring of the 

.. · .· .. · .. · ·• • .. · .. ·· 

. ·. . . 
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vertical wafer processor. This process continues 

until all of the wafer holding rings of the vertical 

wafer processor hold a wafer. 

After processing of a wafer by the vertical 

5 processing apparatus is complete, the above-described 

_sequence is reversed. First, with the already 

processed wafer located at the load/unload station of 

the vertical wafer processing apparatus, the gate 

valve is opened. The wafer holder then extends 

10 horizontally through the second port to a position 

adjacent the backside of wafer. The clamps are then 

radially inwardly· closed into contact with the front 

surface of the wafer. The actuators carried by the 

wafer holder then rotate the rollers out of contact 

15 with the backside surface of the wafer, so that the 

wafer is held in vertical orientation against the 

pedestal by the cl~mps. The wafer holder then 

horizontally retracts through the second port and into 

the housing. After retraction, the wafer holder 

20 rotates the wafer and the pedestal about the inclined 

axis from vertical orientation to horizontal 

orientation and adjacent the first port. The clamps 

are then moved radially outwardly from the wafer. The 

plate __ then moves upwardly to extend the pins.and to 

25 raise the wafer upwardly from the pedestal, thereby to 

enable the robot arm to retrieve the wafer back into 

the horizontal wafer handling apparatus. 

: .. · ... 
·:.:. -·-: .. · . ;.· •. : .·. . . .. ·.··.· .. • .· .. · .· .·.· .. ··· . 
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Preferably, the timing and seqUence of 

operation for the pins, the clamps, the actuators, 

rotation of the wafer holder and extension and 

retraction of the wafer holder are controlled by a 

5 single programmable controller. Preferably, this 

controller is operatively connected to a master 

controller which coordinates the entire seqUence of 

wafer processing and handling operations performed by 

the vertical wafer processing apparatus, the wafer 

10 transport module and the horizontal wafer handling 

apparatus, and any other wafer handling and/or 

processing apparatus or modules interconnected 

therewith. 

These and other features of the invention 

15 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 view of a wafer 

processing system which includes a wafer transport 

20 module interconnected between a horizontal wafer 

handling apparatus and a vertical wafer processing 

apparatus in accordance with a preferred embodiment of 

the invention. 

Fig. 2 is a cross-sectional view taken along 

25 lines 2-2 of Fig. 1, which shows a wafer holder in the 

wafer transport module rotated into horizontal 

orientation adjacent a first port in the module, 

thereby to allow wafer passage therethrough in 

.... •;.··· . 
·.·. ·.· .. ·· .. 

. · ... <·_:_ ... . <·:~<-.:. ·._._· .. ·· . 
. ·.·.::: .. ·:.··.·::-·: 

·.· . 
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horizontal orientation between the module and the 

horizontal wafer handler. 

Fig. 3 is a cross-sectional view, similar to 

Fig. 2, which shows the wafer holder rotated into 

5 vertical orientation and aligned with a second port in 

the module. 

Fiq. 4 is a cross-sectional view, similar to 

Fiq. 3, which shows the wafe·r holder horizontally 

extended through the second port and into a 

10 load/unload station of the vertical wafer processing 

apparatus. 

15 

Fig. 5 is a top elevational view partially 

in cross section of the wafer holder shown in Figs. 2, 

3 and 4. 

Fiq. 6 is a cross sectional view of the 

wafer holder taken along lines 6-6 of Fig. 5. 

Fig. 7 is an enlarged cross .sectional 

schematic of one set of the components of the 

transport module and the vertical wafer processor 

20 which coact to offset wafer transfer at the 

load/unload station. 

Detailed Description of the Drawings 

Fig. 1 shows a wafer transport module 10 

interconnected between a horizontal wafer handling 

25 apparatus 11 and a vertical wafer processing apparatus 

12 in accordance with a preferred embodiment of the 

invention. The horizontal wafer handling apparatus 11 

includes a centrally located robot arm 14 which is 

. ' ... 
. . · .... ·. ·.: 
.. . . 

·.···.·.· ·.· ·. ·. 
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rotatable about a central axis 15 and radially 

extendable outward from and retractable toward the 

central axis 15 to move a single wafer between the 

various other wafer handling modules interconnected 

5 therewith. 

Fig. 1 shows one particular configuration 

for a wafer processing system which employs the module 

10 of this invention. Fig. 1 shows two load/lock 

modules 18 and 19 connected to the wafer handling 

10 apparatus 11. Each of the load/lock modules 18 and 19 

includes a cassette which holds a plurality of 

horizontally stacked wafers (not shown). Additional 

wafer processing modules 21 and 22 are connected to 

the horizontal wafer handlinq apparatus.11. As 

15 indicated above, if desired, a wafer processing system 

may include additional interconnected modules of this 

type to provide optimum wafer processing capability 

and versatility. The configuration of the modules and 

the sequence of operation will be determined by the 

20 type of wafer to be processed. 

The wafer transport module 10 of this 

invention allows the advantages of a wafer system of 

this type to be combined with the advantages of a 

contaminant-free environment provided by a vertical, 

25 carrousel-type wafer processinq apparatus 12. While 

·. ·· . ··. '•. 

. :.:·_·::·. •'. .·. :· 
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the wafer transport module 10 of this invention is 

particularly advantageous when interconnecting a 

carrousel-type vertiqal wafer processing apparatus 12 

with a horizontal wafer handling apparatus 11, as 

5 shown in Fig. 1, it is also to be understood that this 

10 

wafer transport module 10 may be used to interconnect 

any horizontal wafer processing or handling 

modules/apparatus with another vertical wafer handling 

or processing module/apparatus. 

As shown in Fig. 2, the wafer transport 

module 10 includes a wafer holder 25 mounted inside an 

evacuatable housing 26. The wafer holder 25 is 

supported by a shaft or turret 27 oriented at an 

inclined axis 28 which is preferably angled at about 

15 45° from horizontal. A main rotary feedthrough 29 

rotates the turret 27 about axis 28. The wafer holder 

25 and turret 27 are mounted to a base. 30. A piston 

32 connects the base 30 to a side wall 31 of the 

evacuatable housing 26. The housing 26 further 

20 includes a top cover 33 and a bottom opening 34 

through which a vacuum pump (not shown) may evacuate 

the housing 26. 

The evacuatable housing 26 includes a first 

port 36 formed in a first side wall 37. The first 

25 port 36 is sized to permit passage therethrough of a 

wafer 35 in horizontal orientation. More 

. ·.:.· ·· .. 

particularly, the first port 36 enables the robot arm 

14, while holding a wafer 35, to extend out of 

.·. ·. ·, . . . .... 
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horizontal wafer handling apparatus 11 and into the 

wafer transport module 10. Housing 26 also includes a 

second port 38 formed in a second side wall 39. The 

second side wall 39 is located opposite piston side 

5 wall 31. Second port 38 is sized to permit passage 

therethrough of a wafer 35 in vertical orientation, 

with the wafer 35 positioned parallel with second side 

wall 39. 

A wafer 35 enters and leaves the wafer 

10 transport module 10 via first port 36 and second port 

38. Preferably, a gate valve 41 (Fig. 1) enables 

first port 36 to be closed to isolate the wafer 

transport module 10 from horizontal wafer handler 11, 

and a gate valve 42 enables second port 38 to be 

15 closed to isolate the wafer transport module 10 from 

the vertical wafer processor 12. To move the wafer 35 

received through the first port 36 to.~he vertical 

wafer processor 12 through second port 38, the wafer 

holder 25 rotates the wafer 35 about inclined axis 28 

20 into vertical orientation and in alignment with second 

port 38, as shown in Fig. 3. Then, piston 32 

horizontally extends base 30, turret 27 and wafer 

holder 25 through the second port 38 and into a 

load/~nload station 46 of the vertical wafer processor 

25 12, as shown in Fig. 4. The vertical wafer processor 

12 includes additional wafer processing stations 47, 

48 and 49 through which the wafer 35 may be 

successively moved about an axis 50 in carrousel-type 

. . . 
·.·· ·.·. ·: : . ·.· . ·.· .. · .. : .. 

. . . 
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fashion to perform wafer processinq steps. The wafer 

processinq steps performed by the vertical wafer 

processor 12 are complete when the wafer 35 is 

returned to the load/unload station 46. 

As shown in Fiq. 5 & 6, the wafer holder 25 

includes a pedestal 52 which contacts a backside of 

the wafer 35 durinq transport. A plurality of pins 

53, preferably three, are housed within the pedestal 

52. The pins 53 are adapted to extend outwardly from 

10 the pedestal 52 and r~tract inwardly into the pedestal 

52. Preferably, the pins 53 are mounted to a plate 56 

which is oriented substantially parallel with and 

behind the pedestal 52. Plate 56 mounts to an inner 

linear actuator 57 which is bracketed to the bottom of 

15 pedestal 52. Plate 56 is adapted to move toward and 

away from the pedestal 52 by actuator 57, thereby to 

extend and to retract, respectively, the pins 53 with 

respect to the pedestal 52. The pins 53 are extended 

and retracted when the pedestal 52 is in horizontal 

20 orientation, adjacent the first port 36. When raised, 

or extended, the pins 53 allow the robot ari1r 14 to 

move the wafer 35 through port 36 to a position above 

the pins 52. The robot arm 14 (Fiq. 1) then lowers 

the wafer 15 onto the pins 53.. Retraction of the pins 

25 53 via downward movement of the plate 56 places the 

wafer 35 directly on the pedestal 52. 

The wafer holder 25 also includes a 

plurality of clamps 54, preferably three, located 

.·, .· . . ·.·.·: .· .... 

·· .. · 
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radially outside of the pedestal 52. The clamps 54 

move radially between an outer, open position and on 

inner, closed position. When in the closed position, 

the clamps 54 contact the front surface of the wafer 

5 35 around its periphery to retain the wafer 35 on the 

pedestal 52. 

Each clamp 54 is connected to a lever 58 

which extends under pedestal 52 and within wafer 

holder 25. Each lever 58 is spring biased upwardly by 

10 a spring 59, to hold a cam roller 60 at the bottom end 

of the respective lever 58 in enqaqement with an 

arcuate cam surface 62 of a central rotary actuator, 

or camming device 63. The camming device 63 is 

mounted to bracket 57 and rotatable about a center 

15 axis 64 through the pedestal 52. This rotation causes 

the arcuate cam surfaces 62 to raise or lower the cam 

rollers 60 to raise or lower the levers 58 toward or 

away from the pedestal 52, respectively, thereby to 

open or close the respective clamps 54. With the 

20 wafer 35 held tightly to the pedestal 52 by the clamps 

54, the wafer holder 25 may be rotated 180° about the 

inclined axis 28 to move the wafer 35 between 

horizontal and vertical orientation. 

The wafer holder 25 also includes plurality 

25 of actuators 65 which are located radially outside of 

the pedestal 52. The actuators 65 cooperate with a 

wafer handling ring 66 (Fig. 4) of the vertical wafer 

processor 12 at the load/unload station 46 to affect 

. . : . . . . . 
·.: 

·. : ·_. ... 
·.: : ·.': . 
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transfer of the wafer 35 between the wafer transport 

module 10 of this invention and the vertical wafer 

processor 12. 

More particularly, the actuators 65.include 

5 a pair of tines 68 connected to an actuator head 69. 

As shown in Fig. 6, the actuator head 69 connects to a 

rotary feedthrough 70, which is driven by a rotary 

actuator 71. The actuator 71 is driven electrically 

by electrical signals supplied via cable 73. Cable 73 

10 and the other cables 74 and 75 which convey the 

electrical power signals to linear actuator 57 and 

central camming device 63, respectively, are 

15 

preferably routed through turret 27, through base 30 

and out of housing 26 via piston 32. 

As shown in Fig. 7, when the wafer holder 25 

is moved into load/unload station 46, the tines 68 

move into hollow recesses 76 _in a support member 78 

which is held to wafer holding ring 66 by a bolt 79 

which extends through a sleeve 80 and threadably 

20 connects to the ring 66 via a threaded bore 82. The 

sleeve 80 enables the support member 78 to rotate with 

respect to ring 66. The support member 78 supports a 

roller 84 which, upon rotation of tines 68, rotates 

into contact with a backside surface 85 of the wafer 

25 35. A front surface 86 of the wafer 35 is held by a 

spring-loaded tab 88, in opposition to the roller 86. 

This step occurs at each of three positions spaced 

around the pedestal 52 • 

. .:· 
. ·.·. 

. . .. 
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Fiq. 5 shows the relative positions of the 

three verticai rotary feedthrouqhs 70 with respect to 

the three pins 53. While three sets of rotary 

f.eedthrouqhs 70 and pins 53 are depicted, it is to be 

5 understood that the invention contemplates additional 

pins 53 and feedthrouqhs 70, if desired. One of the 

clamps 54 is associated with each of the sets of pins 

53 and rotary feedthroughs 70. Aqain, as shown in 

Fiq. 5, three clamps 54 are depicted, but this number 

10 could be increased if desired. The clamps 54 move 

radially inwardly with respect to axis 64 to a closed 

position (Fig. 6) in contact with the wafer 35. The 

position occupied by the edge of wafer 35 is 

designated by reference numeral 90. In the open 

15 position (Fig. 2), the clamps 54 are located radially 

outside the edge 90 of wafer 35. 

As noted previously,· each clamp 54 connects 

to a lever 58, a spring 59, and a cam roller 60 which 

rides on a cam surface 62 of central rotary actuator 

20 63. Additionally, a plurality of rotary feedthrouqhs 

92 are provided for interconnecting the levers 58 with 

the respective clamps 54. The rotary feedthroughs 92 

are located within the wafer holder 25, but extend 

outwardly in a tangential direction with respect to 

25 pedestal 52 and axis 64, and each of the rotary 

feedthrouqhs 92·extends into a cutout region 94 in 

which· the respective clamp 54 resides. As is known in 

the art of wafer processing, a rotary feedthrouqh 

·.· .·.·. . ... . ~-.. . 
. ·. ·: ........ ··: 

·.·.·· . 
.. - .·:: ...... ............... . 
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provides a suitable interface for a movable part which 

must be moved in a vacuum environment. Each of the 

three cutout regions 94 enables a rotary feedthrough 

92 to couple a clamp 54 located outside of the wafer 

5 holder 25 with a respective lever 54 located inside 

the wafer holder 25. Arcuate clearance notches 95 

also extend radially inwardly beyond edge 90 of wafer 

35 a sufficient distance to allow the actuator rotary 

feedthroughs 70 to rotate the rollers 84 of the wafer 

10 holding rinq 66 behind the wafer 35 while at the 

load/unload station 46. 

In operation, the robot arm 14, with a wafer 

35 supported thereon and the gate valve 41 open, 

extends from horizontal wafer handler 11 through port 

15 36 to a position located above the upwardly extended 

pins 53 of wafer holder 25. The robot arm 14 moves 

downwardly to place the wafer 35 on the pins 53. 

Robot arm 14 then retracts through port 36 and gate 

valve 41 closes. 

20 Retraction of the pins 53 places the wafer 

35 directly on the pedestal 52. Thereafter, camming 

device 63 rotates about axis 64 so that cam surfaces 

62 act upon cam rollers 60 to move the levers 58 away 

from the pedestal 52, thereby moving the clamps 54 

25 radially inwardly into contact with the top of the 

wafer 35. Wafer holder 25 then rotates about axis 28 

to position the pedestal 52 and the retained wafer 35 

in vertical orientation and aligned with the second 

. . 

· .. · 
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port 38. Thereafter, with gate valve 42 open, piston 

32 horizontally extends base 30, turret 27 and wafer 

holder 25 so that the wafer holder 25, the pedestal 52 

and the wafer 35 move horizontally through port 38 and 

5 into load/unload station 46 of the vertical wafer 

processor 12. In this position, the front surface of 

the wafer 35 is located adjacent, or in contact with, 

at least three sprinq-loaded tabs 88 mounted on the 

wafer holding ring 66. 

10 Horizontal movement of wafer holder 25 also 

moves tines 68 of the actuator heads 69 into hollow 

regions 76 of the support member 78 which is rotatably 

secured to wafer holding ring 66. Rotation of the 

actuators 70 rotates the tines 68 and the respective 

15 support members 78 to move the rollers 84 through the 

arcuate clearance notches 95 in the pedestal 52 and 

into contact with backside surface 85 .of the wafer 35. 

With the wafer 35 engaged between the rollers 84 and 

the spring-loaded tabs 88, camming device 63 is again 

20 rotated about axis 64 to move the cam rollers 60 and 

their respective levers 58 toward pedestal 52, thereby 

to move the clamps 54 radially outwardly beyond outer 

edge 90. The piston 32 then horizontally retracts the 

wafer holder 25 through second port 38 and back into 

25 housing 26, and gate valve 42 closes to isolate the 

wafer transport module 10 from the vertical wafer 

processor 12. 

. ·.··. 
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Wafer holder 25 may then be rotated back to 

horizontal orientation to receive another wafer 35 

fro~ the horizontal wafer handler 11. This next wafer 

35 is also rotated into vertical orientation, and then 

5 extended through port 38, in similar fashion, to be 

transferred to_the next wafer holding ring 66 mounted 

on the carrousel (not shown) of the vertical wafer 

processor 12. This process may continue in similar. 

fashion until four wafers 35 have been moved to the 

10 vertical wafer processor 12. If the vertical wafer 

15 

processor 12 has more than four stations, including 

the load/unload station 46, then more than four wafers 

35 may be transferred to the vertical wafer processor 

12 in this manner. 

After the vertical wafer processor 12 has 

been fully loaded with one wafer 35 for each of the 

stations, a processed wafer will be returned to the 

load/unload station 46 upon the next rotation of the 

carrousel. The wafer holder 25 then retrieves the 

20 wafer 35 back into the housing 26, rotates the wafer 

35 back into horizontal orientation and extends the 

wafer 35 vertically upwardly in horizontal orientation 

for retrieval by the robot arm 14. The wafer holder 

may then wait for another wafer 35 to be transferred 

25 to the empty wafer holding ring 66 at the load/unload 

station 46, or the wafer holder 25 may be rotated 

about axis 28 and then extended horizontally through 

second port 38 and into load/unload station 46 to 

..... -·: 
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retrieve the next wafer 35 held by the next wafer 

holding ring 66. This process may then continue until 

all of the wafers 35 processed by the vertical wafer 

processor have been singly returned to the horizontal 

5 wafer handler 11, leaving· the vertical processor 11 

empty. 

The particular sequence of moving wafers 35 

between horizontal wafer handler 11 and vertical wafer 

processor 12 may vary, depending upon the types of 

10 wafers 35 to be produced and the particular 

organization and sequence of all of the wafer handling 

and processing modules. 

Having described the invention in the 

context of illustrated and preferred embodiments, 

15 ·those skilled in the art will appreciate that 

variation may be made without departing from the 

concepts of the invention. 

I claim: 

·. · ... ,. ... . . . . . .·. :: .. · .. ·.:. :·· ... 
·.· .· 
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1. A wafer transport module for conveying a 

wafer between a horizontal wafer handling apparatus 

and a vertical wafer pr_ocessing apparatus. 

an evacuatable housing having a first port 

5 in communication with the horizontal wafer handling 

apparatus and a second port in communication with the 

vertical wafer processing apparatus, the first port 

sized to permit passage of a wafer therethrough in 

horizontal orientation and the second port sized to 

10 permit passage therethrough of a wafer in vertical 

15 

orientation; 

a wafer holder located in the housing, the 

wafer holder adapted to receive and retain a wafer in 

horizontal orientation adjacent the first port; 

means for rotating the wafer holder about an 

inclined axis to position the retained wafer in 

vertical orientation and in alignment.with the second 

port; and 

means for horizontally extending the wafer 

20 holder through the second port and into a load/unload 

station of a vertical wafer processing apparatus, 

thereby to facilitate transfer to the vertical wafer 

processing apparatus. 

. . . : .. : ...... ~ .. 
. ·. 
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2. The wafer transport module of claim 1 

wherein the wafer holder further comprises: 

a pedestal on which the wafer is received 

and retained; 

a plurality of pins located within the 

pedestal, the pins being extendable outwardly from the 

pedestal and retractable therein; and 

a plurality of clamps movable into and· out 

of contact with a front surface of the wafer.when a 

10 backside surface of wafer is in contact with the 

pedestal and the pins are retracted. 

3. The wafer transport module of claim 2 

wherein the wafer holder further comprises: 

a plurality Qf actuators located radially 

15 outside of the pedestal, the actuators adapted to 

coact with the vertical processing apparatus at the 

load/unload station to cause engagement of the 

backside surface of the wafer to facilitate transfer 

of the wafer to and from the vertical processing 

20 apparatus. 

4. The wafer transport module of claim 1 

wherein the means for horizontally extending includes 

a piston located opposite the second port and in 

alignment therewith. 

.. ·.· ...... ·.·.. ·· ... 

. .· . . . 
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5. The wafer transport module of claim 4 

wherein the housing has four side walls, the piston 

and the second port being located at opposite side 

walls and the first port is formed in a side wall 

5 located between said opposite side walls. 

6. The wafer transport module of claim l 

wherein the inclined axis is oriented at about a 45° 

angle with respect to horizontal and the wafer holder 

rotates 180° to move the pedestal between horizontal 

10 and vertical orientation • 

. . ·.-:· .. ·. . . . . . .•. 
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7. In combination, the invention comprising: 

a carrousel-type vertical wafer processing 

apparatus for receiving and processing wafers in 

vertical orientation, the vertical wafer processing 

5 apparatus having a plurality.of processing stations 

and a load/unload station to accommodate transfer of a 

wafer to and from the.vertical apparatus; 

a horizontal wafer handling apparatus 

adapted to move a wafer in horizontal orientation, the 

10 horizontal wafer handling apparatus having at least 

one port sized to permit passage of a wafer 

therethrough in horizontal orientation and wafer 

15 

support means for extendably moving and retrieving a 

wafer through the port; 

a wafer transport module interconnected 

between the vertical apparatus and the horizontal 

apparatus, the module having a first port in 

communication with said at least one port of the 

horizontal wafer handling apparatus and a second port 

20 in communication with the load/unload station of the 

vertical wafer processing apparatus; and 

wafer holding means located in the wafer 

transport module, the wafer holding means adapted to 

support and retain a wafer in horizontal orientation 

25 adjacent the first port, to rotate the retained wafer 

through an inclined axis into vertical orientation and 

in alignment with the second port and to horizontally 

extend the retained, vertically oriented wafer 

..... . •. . ... .-· ·· ... 

...... ·.·.· .. 
.. ·:· .. 
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through the second port and into the !~ad/unload 

station, thereby to facilitate transport between the 

vertical wafer processing apparatus and the horizontal 

wafer handling apparatus • 

. ·.·. . . . . ·. . .... : ... 

. ,• 
•.' ·. 
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8. The invention of claim 7 wherein the wafer 

holding means further comprises: 

a pedestal having a wafer support surface 

for supporting the backside of the wafer while in the 

5 module; and 

actuating means mounted on the wafer holding 

means radially_outside of the pedestal and adapted to 

cooperate with the vertical wafer processing apparatus 

to affect transfer of the wafer between the transport 

10 module and the vertical wafer processing apparatus. 

15 

9. The invention of claim 8 wherein the wafer 

holding means further comprises: 

a plurality of pins extendable outwardly 

from and retractable into the pedestal; and 

a plurality of clamps mounted radially 

outside of the pedestal, the clamps b~~ng radially 

movable to a closed position into engagement with a 

front surface of the wafer to retain the wafer on the 

pedestal when the pins are retracted. 

·.· < :· .. ;.·. . . · ... . ·.·: . 

. .. 
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10. The invention of claim 9 wherein the wafer 

holding means further comprises: 

a plate substantially parallel with and 

located opposite the wafer support surface of the 

5 pedestal, the plate supporting the pins; and 

means for moving the plate toward and away 

from the pedestal to extend and retract the pins, 

respectively. 

11. The invention of claim 10 wherein the wafer 

10 holding means further comprises: 

a plurality of levers, each lever rigidly 

connected to one of the clamps; 

a plurality of spring means, each spring 

means adapted to bias a respective clamp to an open 

15 position radially outside of the pedestal; 

a central actuator located in the wafer 

holder on a side of the plate opposite the pedestal; 

means for rotating the central actuator; and 

a plurality of cam surfaces at a second end 

20 of the central actuator, each of the cam surfaces 

·.· ......... . . : .· ... · . 

·: .. · 

engaging one of the levers, whereby rotation of the 

central actuator causes the cam surf aces to move the 

levers toward or away from the pedestal to open or 

close the clamps, respectively • 

. . . . · ....... . . .. · . 
·.·. 
·_.._.:. _·. '·:: 
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