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SPIRAL MAGNETIC LINEAR TRANSLATING MECHANISM 

BELATED APPLICATIONS 

This application is related to U.S. Application, Serial No. 07/905,016 

filed June 26, 1992 and entitled Transport System for Wafer Processing Liiie, which 

application is incorporated herein by reference. 

S FIELD OF THE INVENTION 

This invention relates to a linear translating mechanism for a wafer 

processing line. More particularly, this invention relates to a translating mechanism 

which includes one or more magnetic linear drive units for translating a wafer carrier 

along a wafer processing line. 

10 BACKGROUND OF THE INVENTION 

Semiconductor wafer manufacture generally requires the performance 

of a plurality of processing steps according to a predetermined sequence under 

vacuum conditions. In one type of wafer processing system, evacuatable modules or 

housings connect serially, and each housing serves as the site for performing one of 

15 the processing steps, s~ch as heating or sputter coating, or simply to initially isolate 

wafers from the outside environment. Wafer processing systems which utili7.e a 

plurality of serially-connected housings are commonly referred to as •in-line• 
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processing systems. Generally, these "in-line" systems allow maximum wafer 

throughput and processing per unit time. 

For in-line wafer processing systems where processes such as sputter 

deposition, vacuum evaporation, and plasma etching are performed, it is necessary to 

S translate substrate wafer holders or pallets within the vacuum processing system to 

move wafers through each housing. Motion of these parts inside the vacuum is 

usually accomplished by using vacuum feed-throughs of various kinds. A feed­

through, such as a shaft, penetrates the walls of the vacuum processing system to 

provide a physical connection between the atmospheric side and the vacuum side. 

10 These vacuum feed-through connections generally have seals which prevent leaks 

from· the atmosphere into the vacuum. 

Usually a rotary feed-through device is used to transmit rotational 

motion into the vacuum processing chamber. The rotational motion is then converted 

to linear motion within the vacuum chamber by means- of mechanical coupling 

15 components such as a ball screw, rack and pinion, worm gear, nuts, etc. which 

depend on friction to operate. However, in many processing applications the 

cleanliness of the vacuum process system is critical. Mechanical devices which 

depend upon frictional forces to provide linear motion unfortunately generate 

particles, and hence, contamination. This, therefore, makes these devices unsuitable 

20 for applications where extreme cleanliness and particulate free operation is required in 

the vacuum processing chamber. 

It has been proposed to use linear magnetic drives to transport wafers 

through various processing chambers or stations which drives utilize a continuous belt 

or track mounted on rotating rollers externally of the vacuum chamber. The belt 
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includes spaced magnetic elements which move linearly as the belt rotates. A cart or 

wafer-carrying vehicle may be located internally of the vacuum chamber to move the 

wafers through the in-line processing system and the bottom surface of the cart 

includes magnetic elements mounted thereon .. When the belt rotates, the belt magnetic 

5 elements are magnetically coupled to the cart magnetic elements, and the wafer cart 

follows the motion of the belt and moves linearly through successive processing 

stations. A problem with such transporting mechanisms, however, is that they are 

very complex and involve a number of moving parts which constantly require 

replacement or adjustment. The maintenance, in tum, is both difficult and time-

10 consuming. Furthermore, in drive systems which utilize a continuous belt or track, 

the belt has a tendency to stretch after use, thus necessitating further adjustments to 

make sure that the belt and the cart remain magnetically coupled. 

It is, therefore, an objective of the present invention to transport wafers 

along a wafer processing line under vacuum conditions with a minimum risk of 

IS contamination from particulates generated inside the processing chamber. 

It is another objective of this invention to maximize wafer throughput 

for an in-line processing system and· to minimize wafer handling which presents a 

further risk of contamination. 

It is still a further objective of the present invention to transport wafers 

20 using a device which has a minimum of parts to replace or adjust, thus making the 

device simple and inexpensive to maintain and operate. 

SUMMARY OF THE INVENTION 

This invention meets the above-stated objectives by utilizing a novel 

spiral magnetic coupling between drive units located outside a wafer processing line 
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and wafer carriers located inside the processing line to drive the carriers on a track 

through serially connected, evacuatable housings. 

The spiral magnetic linear translating mechanism of the present 

invention includes a wafer carrier with wheels which roll along a track extended 

5 between the serially connected housings. The track defines a path through the 

housings. The wafer carrier has a plurality of linear magnetic thread segments 

positioned thereon in a plane substantially parallel with the plane·of the track. The 

magnetic thread segments each include several oppositely polarized magnetic elements 

which are situated side-by-side to form the thread segment. The thread segments are 

10 preferably arranged so as·to be proximate the side or bottom wall of the housing 

when the carrier is mounted on the track. On the opposite side of the appropriate 

wall, such as the bottom wall, and proximate the wall, there is located an elongated 

cylindrical shaft which rotates on its longitudinal axis on an axle which is situated 

linearly beneath the housing and extends generally parallel with the track. Affixed to 

15 the shaft is an elongated magnetic drive comprising successive sections which is 

wound spirally around substantially the entire length of the shaft. The spirally-wound 

drive maintains a generally equal pitch angle so that all of the sections located on a 

side of the shaft extend substantially parallel with each other. The sections of the 

magnetic drive on the side of the shaft facing the chamber wall that extend proximate 

20 the bottom wall are magnetically coupled to the magnetic thread segments which are 

also proximate the housing bottom wall. Rotating the shaft exposes different 

successive magnetic sections of the drive to the thread segments, and the different 

sections are located further along the length of the shaft. Rotating the shaft moves the 

carrier generally parallel to the shaft and on the path through the serial housings~ The 
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magnetic coupling between the magnetic thread segments and the sections of the 

magnetic drive is such that the carrier moves along the track when the shaft is rotated 

much the same way a nut moves on a threaded bolt when the bolt is rotated. 

In a preferred embodiment of the present invention, the magnetic drive 

S is comprised of individual magnetic elements which are placed side by side with each 

other to form a generally continuous drive. Each drive element has an opposite 

magnetic polarity at its outer extremity to its adjacent magnetic drive elements. The 

magnetic drive elements making up the spiral drive establish a plurality of magnetic 

fields in the housing. As the shaft rotates, the spiral magnetic drive acts analogous to 

10 the thread of a screw and the imposed magnetic fields inside the housing move in a 

linear direction generally parallel to the longitudinal axis of the cylindrical shaft and 

parallel the carrier track. Because of the spiral winding of the magnetic drive around 

the shaft, the sections of the drive which are adjacent to the bottom wall and the 

thread segments of the carrier maintain an angled disposition or "lead angle" with 

15 respect to the longitudinal rotational axis of the shaft. The magnetic thread _segments 

of the wafer carrier act analogous to the threads of a nut and are also angled with 

respect to the shaft axis to extend generally parallel to the drive sections. In fact, 

when the carrier is magnetically coupled with the spiral drive, the thread segments 

will generally overlie adjacent sections of the drive. In this way, there is an efficient 

20 -magnetic coupling between the moving, established magnetic field of the spiral drive 

and the magnetic thread segments of the carrier to cause the carrier to translate 

linearly through the housing along the track when the shaft rotates. Similar to the 

spiral drive, the thread segments of the carrier comprise a plurality of magnetic 

elements of alternating opposite polarities at their outer extremities. In this way a 
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north polarized ~agnetic element of the drive is attracted to a south polarized· thread 

segment element and vice versa. In another embodiment of the present invention, the 

spiral magnetic drive might be completely of one polarity, while the thread segments 

are of an opposite polarity. 

A plurality of spiral magnetic linear translating mechanisms of the 

present invention may be used in a wafer processing line including· successive 

housings and wafer processing stations. With a plurality of spiral magnetic translating 

mechanisms or drive units, a magnetic drive unit is associated with each evacuatable 

housing which forms one processing station along a wafer processing line defined by 

10 the plurality of serially connected housings. A track extends through the 

interconnected housings. At least one wafer carrier is movable along the track and 

holds magnetic thread segments arranged in a plane substantially parallel with the 

plane of track and proximate to a nonmagnetic wall of the housings. The wafer 

processing devices for use with the translating mechanism of the present invention are 

15 mounted within, or integrally formed with the successive housings, so that each 

housing defines a wafer processing station along the processing line. Operations 

which may be performed at the stations include sputter deposition, sputter etching, 

heating, degassing, chemical vapor deposition, plasma assisted chemical vapor 

deposition or any other wafer processing step. necessary to manufacture of 

20 semiconductor wafers. Depending upon the necessary processing steps, wafer 

processing lines may include as few as two serially connected housings, or up to ten 

or more serially connected housings. 

Each individual shaft may be rotated by a motor, which is coupled to 

the shaft axle by a gear train. The successive drive units move the wafer carrier 
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along the track through the individual processing stations. The length of the carrier is 

dimensioned so that when the carrier passes between successive housings, the spiral 

magnetic drive unit of the former housing drives the back end of the carrier forward 

while the spiral magnetic drive unit of the next successive housing magnetically 

5 engages the front en.d of the carrier to continue its forward linear translation through 

the successive processing station. Alternatively, one shaft may extend under all of the 

housings to move the carrier through the wafer processing lines. 

While one embodiment of the present invention utilizes a rotating 

magnetic shaft having one spiral magnetic drive extending around the shaft, 

10 alternative embodiments utilize a plurality of magnetic drives wrapped spirally around 

the same shaft to interleave with one another. Preferably, each magnetic drive of the 

plurality originates its spiral path around the shaft at a point on the periphery of the 

shaft· end which is equidistant from the origination points of the other adjacent spiral 

drives. The multiple spiral . drives also preferably maintain equal lead angles with 

15 respect to the longitudinal shaft axis so that they do not interseet. A plurality of 

drives with spiral sections having closer spacing produces· a smoother translation of 

the wafer carrier along the track as the shaft .rotates. Another embodiment might 

decrease the lead angle of a single spiral drive to decrease the spacing between 

adjacent drive sections and provide a smoother translation of the wafer barrier. 

20 Compared to prior wafer translating mechanisms, this wafer translating 

mechanism is simple, clean and results in reduced particulate generation from 

frictional mechanical components. For example, silicone wafer processing equipment 

for LSI and VLSI applications requires a. cleanliness level of less than 0.01 to 0~30 

micrometers or larger size particles per cm2 of substrate surface. In such an 
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application, a sputtering system is used for aluminum metallization. Because this 

process is particularly sensitive to particles generated· from frictional forces, the 

system used cannot employ internal mechanical components which generate particles 

due to frictional forces. However, the present invention is very suitable to such an 

5 application. 

Another advantage of this invention relates to its ease of maintenance. 

All of the major drive components associated with the translating mechanism are 

located outside of the vacuum processing housings and can be easily reached for 

service, repair or replacement without breaking the vacuum or requiring entry into 

10 any of the separate processing stations or housings. Furthennore, with a minimum 

amount of moving parts, and the absence of a belt or track which may stretch in 

length as it is used, the present invention does not require constant maintenance or 

adjustment. Even when maintenance or adjustment is required, it will generally be 

simple, quick and accurate. This increases the up time of the equipment and 

15 decreases the time associated with service, repair and replacement. The net result is 

an overall increase in productivity for the wafer processing line. 

20 

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 DRAWINGS 

Fig. 1 is a perspective view of a wafer processing line which utilizes 

the spiral magnetic linear translating mechanism of the present invention; 

Fig. 2 is a cross-sectional side v~w taken along lines-2-2 of Fig. l; 

Fig. 3 is a cross-sectional side view similar to Fig. 2 showing a wafer 

carrier moving between successive processing housings. 
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Fig. 3A is a cross-sectional side view showing an alternative 

embodiment of the spiral magnetic lines translating mechanism of the present 

invention. 

Fig. 4 is a partial cross-section along lines 4-4 of Fig. 2 to show 

5 alignment of the carrier thread elements of the spiral magnetic drive of the present 

invention; the nonmagnetic bottom wall has been deleted for purpose of illustration. 

Fig. S is an enlarged cross-sectional view partially broken away of a 

carrier base and a magnetic segment. 

Fig. 6 is a perspective view of an alternative embodiment of the drive 

10 shaft utilized in the present invention; 

Fig. 7 is a cross-sectional view along lines 7-7 of Fig. 6; and 

Fig. 8 is a cross-sectional view similar to Fig. 7 showing the magnet 

with an opposite magnetic polarization. 

15 DETAILED DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a wafer processing system 10 using the wafer translating 

mechanism of the present invention. The processing system 10 includes a plurality of 

vacuum housings 12a, 12b, 12c, 12d and 12e which are serially connected. The 

housings 12a-12e are supported on rigid frames 13a-13e, respectively. A track 14 

20 extends along and through the serially connected housings 12a-12e. Though not 

shown in Fig. 1, the track 14 comprises a plurality of track segments 14a, 14b, 14c, 

14d and 14e which correspond to housings 12a, 12b, 12c 12d and 12e, respectively. 

Isolation valves 16 separate and isolate each of the adjacently situated 

vacuum housings 12. The isolation valves· 16 open and close to permit and restrict, 



-10-

respectively, access between adjacently situated housings 12 along the track 14. In 

Fig. 1, isolation valve 16b is located between .housings 12a and 12b. Similarly, 

isolation valve 16c is located between housings 12b and 12c. While Fig. 1 shows six 

isolation valves, designated by reference numerals 16a-16f, with one isolation 

S valve 16 between every two adjacently situated housings 12, it is to be understood 

that one or more of these isolation valves 16 could be omitted at the entry and exit 

ends of any one or more of the housings 12, depending upon the vacuum conditions 

required for wafer processing. It is further understood that additional housings 12 

may be connected in series. The total number of housings 12 will depend upon the 

10 particular series of wafer processes that are being performed on the wafer. The spiral 

linear magnetic translating mechanism of this invention is advantageous with respect 

to a wafer processing line which includes as few as one housing 12 and up to twelve 

or more successive housings 12. 

Preferably, each of the housings is evacuatable. Fig. 1 shows vacuum 

15 pumps 18a-18e connected to housings 12a-12e via conduits 20a-20e, respectively. 

The vacuum pumps 18a-18e may be isolated from the housings 12a-12e by gate 

valves 22a-22e, respectively. 

At least one wafer carrier 24 is linearly translatable along the track 14 

through the successive housings 12 when the isolation valves 16 are open. Fig. 1 

20 shows a carrier 24a located adjacent the entrance to housing 12a and a second 

carrier 24b located adjacent the exit of housing 12e. Each wafer carrier 24 includes a 

pair of spaced, parallel and vertically oriented support members, or pallets 26. The 

pallets 26 support wafers 27 during wafer processing along the track 14. Preferably, 

to maximize throughput for a wafer processing operation, a plurality of carriers 24 
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are synchronously translated in linear fashion through the housings 12 along the 

track 14. The pressure in each housing 12 is controlled by its corresponding vacuum 

pump 18, gate value 22 and the two isolation valves 16 located at opposite ends 

thereof. 

In each of the housings 12, a particular wafer processing step is 

performed. Fig. 1 shows wafer processing units 28b and 29b mounted to one side of 

housing 12b. Similarly, wafer processing units 28c and 29c are mounted to one side 

of housing 12c, and wafer processing units 28d and 29c are mounted to one side of 

housing 12d. These wafer processing units 28 and 29 may be adapted for performing 

10 cathode sputtering, sputter etching, heating or any one of a number of other wafer 

processing steps. 

Fig. 2 shows a cross sectional side view of serially connected 

housings 12b and 12c. Track segments 14b and 14c are located within the 

housings 12b and 12c, respectively. A space 31 is located between each of the 

15 housings 12. More specifically, 3 lc space is located between interconnected 

housings 12b and 12c. This space 3 lc is occupied by isolation valve l6c when the 

valve 16c is closed to isolate the housings 12b and 12c from each other. The cross 

sectional dimensions of this space 31c are slightly greater than the cross sectional 

dimensions of the wafer carrier 24. When the isolation valve 16c is open, the 

20 space 31c is empty and the carrier 24 may move through space 31c along the track 14 

from housing 12b to housing 12c. 

To move the wafer carrier 24 through housing 12b, through space 31c 

and into housing 12c, and along the track 14 between the .other interconnected 

housings 12, the carrier 24includes a base 36 which is equipped with a plurality of 
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magnetic thread segments 34. The magnetic thread segments 34 are situated to extend 

in a plane substantially parallel to the plane of track segment 14b and are mounted at 

the bottom of base 36 of the wafer carrier 24 for translating the carrier 24 along 

track 14b as described hereinbelow. Each of the thread segments 34 is skewed at an 

S angle 0 from the longitudinal axis 47 (Fig. 5) of the base 36 and extends generally 

parallel to the adjacent thread segments as best shown in Fig. 4. The thread segments 

34 are equally spaced apart from each other a distaitce"d'." The opposite ends of the 

thread segments 34 are in longitudinal alignment along imaginary lines A and B which 

are generally parallel to the longitudinal axis 47 of the base 36 on opposite sides 

10 thereof and equidistant therefrom. The base 36 is supported by tracks 14b above a 

nonmagnetic bottom wall 38b of housing 12b by wheels 40 (Fig. 2 and 4) located on 

opposite sides of the carrier 24. The wheels rotate on axles 41 which extend 

outwardly from opposite sides of the base 36, and they ride on the bottom surfaces of 

the C-shaped channels 42 which make up track 14 (see Fig. 1). The tops of the 

lS channels 42 are spaced above the tops of the wheels. Preferably, four equidistantly 

spaced pairs of wheels are provided for each carrier 24 with a pair on each axle 41, 

though three pairs or even five pairs or more would also be suitable. 

To linearly translate the carrier 24 along the track 14, a plurality of 

spiral magnetic linear translating mechanisms 46 of the present invention are utilized, 

20 with one translating meehanism 46 being provided for operation in connection with 

each of the housings 12. Referring to Fig. 2, the translating mechanism 46 includes a 

drive unit which comprises a cylindrical shaft 48 mounted to rotate about its 

longitudinal axis on axle 49 which extends beneath housing 12b essentially parallel to 

the longitudinal axis 47 (Fig. 4) of the base 36 of the wafer carrier 24 and generally 
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parallel to track 14b; the elongated magnetic drive 52 which is spirally wrapped 

around cylindrical shaft 48 from one end of the shaft to the other end; and an 

associated motor 53 and gear train 55 to rotate the shaft about axle 49. A bearing 51 

may also be used to allow a smooth rotation of shaft 48. 

5 The elongated magnetic drive 52 which is spirally wound around 

shaft 48 gives shaft 48 the appearance of a conventional mechanical screw or threaded 

bolt. The shaft is preferably made of a steel material such as cold-rolled steel. The 

individual sections of drive 52, such as section 59 form an angle 0 with the axle 49 

of the shaft 48. This angle 0 or "lead" angle is determined by how tightly the spiral 

10 drive 52 is wound around shaft 48 (Fig. 5). A coarse spiral, where adjacent drive 

sections 59 are further apart, corresponds to an increased lead angle. The magnetic 

drive 52 establishes magnetic fields inside housing 12b through non-magnetic wall 

38b. When a wafer carrier 24 is located on track 14b in the housing, the magnetic 

fields imposed by the drive act in proximity to base 36 of carrier 24. The magnetic 

lS thread segments 34 disposed along tbe bottom of the base 36 extend at an angle 0 

with respect to the longitudinal axis of base 36 (see Fig. 4). Magnetic thread 

segments 34 are angled such that when they overlie the sections of the spirally wound 

magnetic drive 52 which face the bottom wall 38b of housing l2b and the base 36, 

they extend essentially parallel to the drive sections and are spaced from and 

20 vertically aligned with the sections as is shown in Fig. 4. That is, each thread 

segment 34 extends essentially parallel to the associated angled section of drive 52 

which it overlies when the carrier overlies shaft 48. The magnetic fields established 

proximate base 36 within housing 12b by the sections of spiral drive 52 magnetically 

couple the magnetic thread segments 34 of base 36 and the wafer carrier 24 to the 
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magnetic drive 52. The spiral magnetic drive 52 and. the magnetic thread segments 

34 are magnetically polarized to be attracted to each other. When shaft 48 is driven 

to rotate about axle 49 in a direction signified by arrow 57, each particular thread 

segment 34 will be exposed to constantly varying sections of the spiral drive 52. That 

5 is, different sections of drive 52 face the bottom wall 38 at any given time when shaft 

48 rotates. As may be appreciated, each successive different drive section, which is 

attracted by a particular thread segment 34, is disposed further along the length of 

shaft 48 as the shaft 48 rotates according to arrow 57. The section which underlies 

and is coupled to a particular thread segment 34 essentially "travels" along the length 

10 of shaft 48 during its rotation. Although the actual spiral drive 52 does not move 

along the shaft to a particular thread segment coupled to successive sections of the 

drive, it appears to move from one end of the shaft to the other. This is similar to 

following the thread of a screw from the tip to the screw head as the screw rotates. 

Since the thread segments 34 are attracted to the sections of the spiral magnetic drive 

15 52 which are adjacent the bottom wall 38b, the thread segments 34 are also driven in 

a linear direction along shaft 48, and the wafer carrier 24 translates the wafers 

through the housings 12 much the same way as a nut moves along a threaded bolt 

when it is rotated. 

The base 36 of the wafer carrier 24 is preferably dimensioned in 

20 length to accommodate a sufficient number of thread segments 34 to couple with each 

section of spiral magnetic drive 52 that is adjacent bottom housing wall 38b at any 

given time. That is, the number of turns of the magnetic drive 52 per unit length of 

the shaft 48 is preferably approximately the same as the number of thread segments 

34 per unit length of the base 36. A one-to-one ratio between the sections of drive 52 
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and the thread segments 34 increases the magnetic coupling between the base 36 and 

shaft 48 thereby making for a smoother linear translation of the wafer carrier 24. 

However, in an alternative embodiment of the present invention, base 36 may have a 

length that is shorter or longer than shaft 48 or may only have one thread segment 

5 which is disposed adjacent a section of the spiral drive 52. As shown in Fig. 3, base 

36 preferably has a length which allows it to overlie the cylindrical shafts 48b and 48c 

of successive housings. In this way, when the carrier 24 passes between successive 

housings 12b and 12c, the spfral magnetic drive 52b of shaft 48b pushes the back 

end 37 of a carrier base 36 while the spiral magnetic drive 52c of shaft 48c 

10 magnetically engages the front end 39 of the carrier base 36 to continue its linear 

translation through. the successive processing housings. In· this way, wafer carrier 24 

may be translated completely through the entire processing line and each successive 

housing 12 without the need to manually move carrier 24 to engage each successive 

spiral magnetic drive 52. 

15 In another embodiment of the present invention as shown in Fig. 3A, 

the shaft 49 is dimensioned in length to extend beneath several housings and may be 

of such a length as to extend beneath all of the housings. In this way, the wafers are 

moved through the entire wafer processing system by the same shaft 49 and the same 

magnetic drive 55. 

20 Preferably, the shaft 48 is made of cold rolled steel and has one or 

more spiral grooves such as grooves 60, 61, 62, and 63 shown on shaft 59 of Fig. 6, 

cut therein to receive one or more spiral magnetic drives 52. The embodiment of the 

present invention disclosed in Figs. 1-5 show the shaft 48 having only one drive 

element 52; however, other drive elements may be added as shown in Fig. 6 and 
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described hereinbelow. Fig. 5 illustrates a preferred embodiment of spiral magnetic 

drive 52, wherein a spiral groove 54 is cut in shaft 48 and pockets or recesses (not 

shown) are formed in the groove 54 and are shaped and dimensioned to receive a 

plurality of magnetic elements 58. The magnetjc elements 58 (shown as generally 

5 rectangular elements) are situated so that their outer sides which face the thread 

segments have alternating opposite magnetic polarities as one moves along drive 52 

down the length of shaft 48. That is, magnetic element 65 is polarized magnetically 

north at its outer end and south at its inner end while adjacent elements 64 and 66 are 

polarized magnetically south at their outer ends and north at their inner ends. 

10 Because the shaft 48 is made of a ferromagnetic material, such as cold rolled steel, 

the individual magnetic elements 58 are held within the recesses by their magnetic 

attraction to the steel shaft 48. In this way, no fastening structure or adhesive is 

utilized to bind the individual elements 58 to shaft 48. Therefore, magnetic drive 52 

comprises a series of magnetic elements 58 of opposite and alternating polarities 

15 which extend side-by-side along the spiral to create a generally continuous spiral 

magnetic d rive 52. Small barrier strips 68 of shaft metal separate the individual 

elements. 

Similarly, magnetic thread segments 34 of carrier base 36 are 

preferably made up of a plurality of magnetic elements 67 which are situated on base 

20 36 so that their outer sides which face the magnetic drive 52 have alternating opposite 

magnetic polarities. Referring to Fig. 5, thread segment element 72 is polarized 

magnetically south at its outer end and north at its inner end while adjacent elements 

70 and 74 are polarized magnetically south at their outer ends and north at their inner 

ends. The elements 67 are situated on base. 36 to form a series of parallel and 
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. generally continuous linear thread segments. The magnetic elements 58 of drive 52 

are magnetically attracted to the elements 67 of the thread segments 34 which have an 

opposite magnetic polarity at their outer ends. The opposing polarities of the 

magnetic elements 58 of drive 52 and elements 65 of thread segments 34 magnetically 

5 couple base 36 of carrier 24 to shaft 48 so that when shaft 48 rotates, carrier 24 

moves in a linear direction along the shaft 48. The thread segments 34 are disposed 

on base 36 to extend generally parallel to the adjacent drive sections of spiral 

magnetic drive 52. 

Figs. 6, 7, and 8 illustrate how the spiral magnetic drive of the present 

10 invention is formed. Steel shaft 59 has at least one groove formed therein, such as 

groove 63, which winds spirally around the shaft 59. For purposes of illustration, 

groove 63 is chosen, although additional grooves may be formed in shaft 59 in 

accordance with an alternative embodiment of the present invention as described 

hereinbelow. As seen in Fig. 7, a magnetic element 100 is seated within groove 54 

15 so that the south polarized side rests in the bottom of groove 54 and the north 

polarized side faces outwardly from the groove to form magnetic drive 52. The 

magnetic attraction between the magnetic element 100 and the steel shaft keeps the 

element 100 seated in groove 54. The adjacent drive element 101 is seated in 

groove 54 so that the north polarized side of the element faces the bottom of the 

20 groove (See Fig. 8). In this way, magnetic elements having alternating polarities on 

their outer extremities collectively form the spiral magnetic drive 52. Similarly to 

element 100, the individual elements remain seated in groove 54 due to magnetic 

attraction between the elements and steel shaft 59. 
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Fig. 5 illustrates in a more detailed way how the spiral drive 52 of 

shaft 48 engages the thread segments 34 of carrier 24 and how the carrier 24 moves 

linearly as the shaft 48 rotates. Fig. 5 shows carrier base 36 partially cut away and in 

phantom overlying shaft 48. The thread segments 34 of Fig. 5 are shown offset 

S slightly from the angled drive sections of drive 52 to illustrate the interaction between 

the drive 52 and·the thread segments 34. In reality, the thread.segments 34 are 

strongly magnetically coupled to drive 52 and will usually directly overlie drive 52 

due to the magnetic attraction. Drive elements 64, 65, and 66 are magnetically 

polarized south, north and south, respectively. The magnetic elements 70, 72, and 74 

10 of thread segment 34a are magnetically polarized north, south, north, respectively, 

and therefo~, are attracted to drive elements 64, 65, and 66 of spiral drive 52. 

When shaft 48 rotates around axle 49 in a counter-clockwise or left-hand direction as 

indicated by arrow 76, the elements 64, 66, and 68 of drive 52 move to the left of 

Fig. 5. As the shaft 48 rotates, a new set of drive elements such as element 69 and 

15 other successive elements (not shown) polarized south, north and south, respectively, 

like drive elements 64, 65, and 66, move into proximity with thread segment 34 and 

elements 70, 72, and 74. Because drive elements 69 and the successive other drive 

elements (not shown) are of an opposite magnetic polarity to elements 70, 72, and 74, 

they are also attracted to the thread segment elements. However, as may be seen, 

20 drive elements 69 and the successive other elements are located further along the 

drive 52 and further along shaft 48 in a direction designated by arrow 77. For 

example, element 49 is located approximately a distance D further along the shaft 48 

than is element 65 • . As the shaft 48 rotates, a new successive section of drive 52 

faces the thread segments, and the new set of drive elements, such as element 69 of 
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the section travel to face the lower non-magnetic wall 38b of housing 12b (see Fig. 2) 

and to face thread segment 34a including elements 70, 72, and 74. Various opposing 

and attracting magnetic forces act upon thread segment 34a as drive 52 actuates. 

These magnetic forces, created by oppositely polarized drive elements and thread 

5 segment elements repelling and attracting each other, cause base 36 and wafer 

carrier 24 to try to move side-to-side and linearly along the shaft 48. For example, 

as shaft 48 rotates, north polariZed drive element 69 must pass over like polarized 

thread segment ele~ent 74 so that it can magnetically couple with thread segment 

element 72, and therefore, element 69 will repel element 74. The wafer carrier 24 

10 cannot move from side-to-side due to its connection to and confinement by tracks 14. 

The combination of magnetic forces instead moves the carrier 24 linearly in the 

direction of arrow 77 along the shaft 48. The magnetic attraction between the spiral 

magnetic drive 52 and the thread segments 34 is of such strength and the drive and 

thread segments are coupled as such that the wafer c~er will move smoothly 

15 forward or backward as the shaft rotates and successively new sections of magnetic 

drive 52 are exposed to thread segments elements 70, 72, and 74. 

While the elements of drive 52 of a certain magnetic polarization are 

shown in Fig. 5 in longitudinal alignment along shaft 48 with other similarly 

polarized elements in adjacent d_rive sections, other embodiments of the present 

20 invention might utilize element spacing that does not produce such a result. For 

example, drive element 66 is shown in alignment with the drive element 71; however, 

the spacing may be such on shaft 48 that this alignment does not occur and element 

66 might longitudinally align with oppositely polarized element 73 or may not 

completely longitudinally align with any other drive elements. In this way, some 
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elements of the drive and thread segments may be atti:acted to each other while other 

elements simultaneously repel each other. Regardless, the net effect is attraction and 

translation of the wafer carrier by the drive. 

While Fig. 5 shows the interaction of one thread segment 34 and a 

5 single section of spiral drive 52, it will be appreciated that a plurality of thread 

segments on base 36 of carrier 24 interact with the other exposed sections of drive 52 

when the carrier 24 and rotating shaft 48 are coupled together to translate carrier 24 

in a linear direction~ By increasing the windings on spiral drive 52 within the length 

of shaft 48, i.e., decreasing the lead angle of the drive 52, the linear distance moved 

10 by the carrier 24 with each rotation of shaft 48 decreases. This results in a smoother 

translation of the carrier. . Further, having a thread segment 34 for each exposed 

section of drive 52 also promotes smoother translation of carrier. 

While the embodiments of the shaft shown in Figs. 1-5 utilize a single 

magnetic drive 52, a plu~ty of drives as shown in Fig. 6 might also be used. 

15 Shaft 59 of Fig. 6 shows four grooves 60, 61, 62, and 63 which are cut in shaft 59 to 

hold a magnetic drive, such as drive 80. The additional grooves 60, 61, 62 and 63 

wrap around shaft 59 and preferably originate at equidistant points 8 la-d around the 

periphery 82 of the end 84 of shaft 59. By originating the grooves at equidistant 

points 81a-d around the periphery 82 and winding the spiral grooves with the same 

20 lead angle 0, the distance d between each groove and corresponding magnetic drive 

will be equal. Depending upon the width of the spiral drives, like drive 80, a varying 

number of spiral drives may be utilized on shaft 59 to further increase the smoothness 

of the linear motion of the carrier 24 through the housings 12. The drives may also 
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be wrapped around the shaft 59 originating at points a:tound the periphery that are not 

equidistant. 

Since the spiral magnetic linear translating mechanism 46 of the present 

invention uses no intermeshed gears or frictional couplings or connections, wafer 

5 carriers 24 are linearly translated in an environment which is, for all practical 

purposes, particulate free. While there is some mechanical contact between the 

carrier wheels (not shown) and the C-shaped channels 42 of track 14, the wheels are 

substantially surrounded by the channels 42 and are located below the wafer holding 

pallet 26. Finally, because the wafers 27 are· mounted to pallet 26 in vertical 

10 orientation, the possibility of any particulate settling on wafers during processing is 

further minimized. 

While these and other features of the spiral magnetic linear translating 

system of the present invention have been described in accordance with a preferred 

embodiment of the.invention, it is to be understood that the invention is not limited 

15 thereby and in light of the present disclosure, various other alternative embodiments 

will be apparent to one of ordinary skill -in the art without departing from the scope of 

the invention. For example, the number of magnetic drives 52 may be increased 

along with the number of thread segments 34 on base 36 without departing from the 

scope of the invention. Furthermore, a single shaft 48 with magnetic drive 52 may 

20 extend the entire length of the processing line. Still further, various· different 

25 

magnetic coupling alternatives might be utilized to couple the thread segments to the 

spiral drive, such as by making all of the thread segments of one effective magnetic 

polarity and making the spiral drive of the opposite magnetic polarity. Accordingly, 

applicant intends to be bound only by the following claims. 

We claim: 
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1. A magnetic translating mechanism to move a wafer along a path 

through a wafer processing chamber having at least one wall comprising: 

an elongated cylindrical shaft located externally of the processing 

chamber and mounted to extend parallel to said path, the shaft rotating on its 

S longitudinal axis adjacent a wall of the processing chamber; 

at least one elongated magnetic drive, comprising successive drive 

sections, wound spirally around the shaft to rotate with the shaft; and 

a wafer support structure for holding a wafer, said support structure 

mounted to be movable within the chamber proximate the wall so as to move 

10 generally along said path parallel to the axis of the elongated shaft, the structure 

having at least one magnetic thread segment thereon to magnetically couple the 

structure to a section of the magnetic drive, rotation of the shaft exposing the thread 

segment to different successive sections of the drive disposed further along the length 

of the shaft, such that the thread segment is coupled to the successive drive sections 

15 · and moves the structure linearly along said path parallel to the elongated shaft as the 

shaft rotates; 

l 1111111111111 lllll 11111111111 
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2. The magnetic translating mechanism of claim 1 wherein the spiral 

magnetic drive is wound to extend along substantially the entire length of the shaft. 

3. The magnetic translating mechanism of claim · 1 wherein the support 

5 structure thread segment extends in a direction substantially parallel to the section of 

the spiral magnetic drive to which it is coupled. 

4. The magnetic translating mechanism of claim 1, the spiral magnetic 

drive comprising a plurality of magnetic elements disposed generally side-by-side on 

10 the shaft to collectively form a generally continuous spiral magnetic drive. 

5. The magnetic translating mechanism of claim. 4 wherein each successive 

magnetic drive element has an opposite magnetic polarity at its outer extremity to its 

adjacent magnetic drive elements. 

15 

6. The magnetic translating mechanism of claim 4, the support structure 

magnetic thread segment comprising a plurality of magnetic elements disposed 

generally side-by-side to form a generally continuous magnetic thread segment. 

20 7. The magnetic translating mechanism of claim 6 wherein each successive 

magnetic thread segment element has an opposite magnetic polarity at its outer 

extremity to its adjacent magnetic thread segment elements. 

' tlltll\.\1\111 "'" "'" " '"' * t L M S • 
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8. The magnetic translating mechanism of claim 6 wherein at least one 

thread segment element is magnetically attracted to a magnetic drive element of the 

opposite polarity to magnetically couple the translating structure to the drive, the 

rotation of the shaft exposing the thread segment element to different successive 

S magnetic drive elements of the opposite polarity which are disposed further along the 

length of the magnetic drive, such that the thread segment element is magnetically 

coupled to a different successive drive element as the shaft rotates causing the wafer 

translating structure to move linearly parallel to the shaft as the shaft rotates. 

10 9. The magnetic translation mechanism of claim 4 wherein the shaft is 

made of a ferromagnetic material and includes at least one spiral-shaped groove 

therein, the magnetic elements adherin~ to the shaft by magnetic attraction inside the 

groove to collectively form. the spiral magnetic drive. 

15 10. The magnetic translating mechanism of claim 1 wherein the translating 

structure includes a plurality of magnetic thread segments spaced from each other 

along the length of the structure, and at least two thread segments of the plurality are 

magnetically coupled to the spiral magnetic drive at the same time to more smoothly 

move the wafer translating structure linearly through the processing chamber. 

20 

1 l. The magnetic translating mechanism of claim 10 wherein each thread 

segment of the plurality is coupled to the spiral magnetic drive. 

111111111111111111111111111111 * ,_ L· H . S * 
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12 • The magnetic translating mechanism of claim 1 further comprising a 

. sleeve made of a non-magnetic material which is disposed over the shaft and spiral 

magnetic drive to pr~tect the magnetic drive. 

5 13~ The magnetic translating mechanism of claim 1 wherein the elongated 

magnetic drive is wound spirally around the shaft to maintain a generally uniform lead 

angle along the length of the shaft. 

14. The magnetic translating mechanism of claim 13 further comprising a 

10 plurality of thread. segments, the thread segments disposed on the wafer translating 

15 

structure essentially equidistant from one another along the length of the structure and 

angled from the longitudinal axis of the shaft to be generally parallel with each other, 

to align with the angled sections of the spiral drive which face the thread segments to 

more strongly couple the thread segments to the drive. 

15. The magnetic translating mechanism of claim l further comprising a 

plunility of elongated magnetic drives, each originating at a point spaced around. the 

periphery of one end of the shaft, the drives wound spirally around the shaft to 

interleave with one another and maintain approximately the same lead angle so that 

20 adjacent drive sections do not intersect one another. 

This Sheet Has Been Replaced 
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16. The magnetic translating mechanism of claim 15, wherein the 

peripheral origination points of the plurality of spiral magnetic drives are spaced 

equidistant around the periphery of at least one end of the cylindrical shaft. 

5 17. The magnetic translating mechanism of claim 15 wherein the translating 

structure includes a plurality of magnetic thread segments and at least two thread 

segments of the plurality are magnetically coupled to the spiral magnetic drives. 

18. The magnetic translating mechanism of claim 17 wherein each thread. 

10 segment of the plurality of thread segments is magnetically coupled to a section of a 

spiral magnetic drive on the shaft. 

This Sheet Has Been.Replaced 
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19. A magnetic transmitting mechanism to move a wafer along a path through a 

wafer processing chamber having at least one wall comprising: 

wafer support means for supporting a wafer, the support means· 

mounted to be movable along the path within a processing chamber; 

5 magnetic driven means disposed on the support means proximate one 

side of the chamber wall; 

magnetic drive means mounted externally of the chamber and including 

successive magnetic drive sections, each successive drive section located further along . 

the path than the preceding drive section; the drive means disposed proximate the 

10 other side of the chamber wall to impose magnetic fields within the· chamber, and 

being magnetically coupled to the magnetic driven means such that when the drive 

means exposes different successive drive sections located further along the path to the 

magnetic driven means, the driven means is magnetically attracted to the successive 

sections to move the wafer support means along the path through the chamber. 

This Sheet Has Been Replaced 
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20. The magnetic translating mechanism of claim 19 wherein the magnetic 

drive means includes an elongated cylindrical shaft mounted to extend parallel to the 

path and to rotate on a longitudinal axis adjacent the other side of the chamber wall, 

and further includes at least one elongated magnetic drive comprising successive drive 

5 sections wound spirally. around the shaft to rotate with the shaft such that rotation of 

the shaft exposes the magnetic driven means to different successive sections of the 

magnetic drive disposed further along the length of the shaft such that the driven 

means is coupled to the successive drive sections and moves the wafer support means 

linearly along the path parallel to the elongated shaft 

10 

21. The magnetic translating mechanism of claim 19 wherein the magnetic 

driven means comprises a plurality of magnetic driven elements disposed generally 

side-by-side, each driven element having an opposite magnetic polarity at its outer 

extremity to its adjacent driven elements; and 

15 the magnetic drive means comprises a plurality of magnetic drive 

elements disposed generally side-by-side, each drive element having an opposite 

magnetic polarity at its outer extremity to its adjacent drive elements; 

at least one driven element being magnetically attracted to a drive 

element of the opposite polarity to magnetically couple the magnetic driven means to 

20 the magnetic drive means. 
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22. A wafer processing line comprising: 

a plurality of serially-connected housings; 

processing means coupled to at least one of the housings to perform a 

processing step in the housing; 

5 a wafer support structure to receive a wafer; 

guide means for guiding the wafer ·support structure along a path 

through the serial housings; and 

a magnetic triangulating mechanism to move the support· structure along 

the path through a housing comprising: 

10 an elongated cylindrical shaft located externally of at least one of the 

housings and mounted to extend generally parallel with the path, the shaft rotating on 

its longitudinal axis adjacent a first wall of the housing; 

at least one elongated magnetic drive, comprising successive drive 

sections, wound spirally around the shaft to rotate with the shaft, the drive imposing 

15 magnetic fields inside the housing proximate the first wall. 

at least one magnetic thread segment disposed on the support structure 

to face the first wall when the structure is in the housing, the thread segment 

magnetically coupling the support structure to a section of the magnetic drive 

proximate the first· wall, rotation of the shaft exposing the thread segment to different 
. . 

20 successive sections of the drive which· are disposed further along the length of the 

shaft, such that the thread segment is coupled to the successive drive sections and 

moves the structure linearly along said path, through the housings, as the shaft 

rotates. 

' 1111111 """ 11111 \llll ll 1111 * C L M S * 
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23. The wafer processing line of claim 22, the spiral magnetic drive 

comprising a plurality of magnetic elements disposed generally side-by-side on the 

shaft to collectively form a generally continuous spiral magnetic drive, each 

successive magnetic drive element having an opposite magnetic plurality at its outer 

5 extremity to its adjacent magnetic drive elements. 

24. The wafer processing line of claim 23, wherein the support structure 

magnetic thread segment comprises a plurality of magnetic elements disposed 

generally side-by-side to form a generally continuous magnetic thread segment, each 

10 successive magnetic thread segment element having an opposite magnetic plurality at 

its outer extremity to its adjacent magnetic thread segment elements, at least one 

thread segment element magnetically attracted to a magnetic drive element of the 

opposite plurality to magnetically couple the support structure to the drive, the 

rotation of the shaft exposing the thread segm~nt element to different successive 

15 magnetic drive elements of the opposite polarity which are disposed further along the 

length of the magnetic drive, such that the thread segment element is magnetically 

coupled to a different successive drive element as the shaft rotates causing the wafer 

support structure to move linearly along the path as the shaft ·rotates. 

20 25. The wafer processing line of claim 22 wherein the support structure 

includes a plurality of magnetic thread segments spaced from each other along the 

structure, and at least two thread segments of the plurality are magnetically coupled to 

the spiral magnetic drive at the same time to more smoothly move the wafer support 

structure linearly through the housings. 

I lllllll llllll lllll lllll ll llll 
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26. The wafer processing line of claim 22 further comprising a plurality of 

elongated magnetic drives, each drive originating at a point spaced around the 

periphery of one end of the shaft, the drives wound spirally around the shaft to 
. . 

interleave with one another and maintain approximately the same lead angle so that 

5 · adjacent drive sections do not intersect one another. 

27. The wafer processing line of claim 22 further comprising a complete 

magnetic translating mechanism associated with each of the serially;·connected 

housings so that a wafer may be moved through each of the housings. 

10 

28. The wafer processing line of claim 27, the wafer support structure 

having a plurality of thread segments and dimensioned to extend between adjacent 

serial housings, so that a thread segment on the forward end of the support structure 

is coupled to the magnetic drive of one housing and a· thread segment at the rearward 

15 end of the structure is coupled to the drive of the previous housing in order to 

continuously move the structure from housing to housing along the processing line. 

29. The wafer processing line of claim 22 wherein one elongated 

cylindrical shaft with successive drive sections extends adjacent at least two of the 

20 serially-connected housings, whereby the wafer support structure is magnetically 

coupled to the same shaft as it moves through the two serially-connected housings. 
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30. A method of transporting wafers along a path through a wafer 

processing chamber having a wall comprising the steps of: 

a.) supporting a wafer in a support structure which is movable 

along the path within the processing chamber proximate a chamber wall, the structure 

5 including at least one magnetic thread segment disposed thereon facing the wall; 

b.) positioning the support structure so that the thread segment is 

opposite an elongated cylindrical shaft mounted externally of the chamber proximate 

the wall to rotate on an axis which extends generally parallel to the path, the shaft 

including an elongated magnetic drive comprising successive sections wound spirally 

10 around the shaft to rotate with the shaft so that sections of the drive face the wall· 

opposite the magnetic thread segment of the translating structure, the drive section 

imposing magnetic fields within the chamber in proximity to the threat segment so 

that the thread segment magnetically couples to a drive section; 

c.) rotating the shaft so that the thread segment is opposite and 

15 coupled to a different successive section of the spiral drive, which is disposed further 

along the length of the shaft such that the structure moves linearly along the shaft and 

along the path through the chamber when the shaft rotates; 

whereby the rotating spiral drive translates the wafer translating 

structure through the processing chamber with reduced friction and reduced 

20 particulate generation in the chamber. 
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31. The method of claim 30, the spiral drive comprising a plurality of 

successive magnetic elements disposed generally side-by-side on the shaft to 

collectively form a generally continuous spiral magnetic drive. 

s 32. The method of claim 31 wherein each successive magnetic drive 

element has an opposite magnetic polarity at its outer extremity to its adjacent 

magnetic drive elements. 

33. The method of claim 30, wherein the thread segment provides a 

10 plurality ·of magnetic elements disposed generally side-by-side on the wafer support 

structure to form a generally continuous magnetic thread segment, each magnetic 

thread segment element having an opposite magnetic polarity at its outer extremity to 

its adjacent magnetic thread segment elements, the method further comprising the step 

of exposing at least one thread segment element to successive magnetic drive elements 

15 of the opposite polarity located further along the shaft by rotating the shaft so that the 

magnetic coupling between the thread segment elements and the successive drive 

elements moves the support structure along the path. 
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34. The method of claim 30 wherein the translating structure includes· a 

plurality of magnetic thread segments and at least two thread segments are 

magnetically coupled to the spiral magnetic drive to more smoothly move the wafer 

support structure linearly along the path through the processing chamber. 

5 

35. The method of claim 30 wherein a non-magnetic sleeve is placed over 

the shaft and spiral magnetic drive to protect the magnetic drive from damage. 

36. The method of claim 30 wherein the shaft further includes a plurality of 

10 elongated magnetic drives, the drives wound spirally to interleave with one another 

and maintain approximately the same lead angle so that adjacent drives do not 

intersect one another. 
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37. A method of transporting wafers along a path through a wafer 

processing chamber having a wall comprising the steps of : 

a) supporting a wafer in a support means which is moveable along 

the path through the processing chamber, the support means including magnetic 

5 driven means disposed on the support means proximate one side of the chamber wall; 

b) positioning the support means in the chamber so that the 

magnetic driven means is opposite a magnetic drive means mounted externally of the 

chamber, the drive means including successive magnetic drive sections disposed 

proximate the other side of the chamber wall to impose magnetic fields in the 

10 chamber and magnetically couple the driver means to the drive means; 

c) exposing different successive magnetic drive sections to the 

driven means so that the driven means magnetically couples to the successive drive 

sections, the successive sections located further along the path to move the support 

means along the path through the wafer processing chamber. 

TbiS SheetHas Beeii Replaced 

l lllllll Im l\ll 

\ \11\11\ 1\\1\\ Ill\\ \\1\1 \t \Ill . 
* C L M S * 


