
WO 2006/026886 PCT/CH2005/000534  1 SUBSTRATE PROCESSING
SYSTEM  FIELD OF THE INVENTION This invention relates to a system
and processes for handling and  5 manufacturing substrates such as disc
shaped information carrier,  especially magnetic hard discs. More
particularly the invention re- lates to a transport arrangement for
substrates in vacuum with the  aid of a magnetic holding and driving
device. 10 BACKGROUND OF THE INVENTION AND RELATED ART
For the treatment of substrates in vacuum, e. g. the coating with a
multiplicity of layers it is a well proven principle to transport  the substrates
through a linear assembly of evacuated process cham- bers. The term
vacuum chamber means at least a section of a vacuum 15 treatment
system under reduced pressure compared with atmospheric  pressure.
The term process chamber or process module means a section  of a
treatment system intended to change a physical or chemical con- dition of
a substrate, e. g. heating, cooling, cleaning, etching,  treating with gases
or other substances, coating. 20 US 5,658,114 shows a vacuum treatment
system for e. g. disc shaped  substrates wherein, in a stacked
relationship, a second level of  processing stations is positioned above a
first level of processing  stations. Workpieces are fed into the row of
processing stations on 25 carriers on one level and, at the end of one row,
lifted to the  other level and then moved throgh the other row of process
stations,  thereby allowing a U-shaped path of the carriers through the
appara- tus. Alternatively to this "vertical U" a horizontal "U" could be
realized with two rows of processing stations side by side. 30 Process
stations may, amongst others comprise coating stations,  



heating and/or cooling stations, load and unload locks. The basic problem
for this type of subsequent in-line processing is  the vacuum compliant
transport from chamber to chamber. The sub 35 strates are typically held
by a carrier.,In simple approaches the  carriers are placed on a series of
mechanically driven rollers. The 2  motor units at atmosphere are
connected to the rollers in the  vacuum either by vacuum feed throughs or
by magnetic coupling.  Only the friction between carrier rails and rollers
give the  accelerating and de-accelerating forces onto the carriers. This
results in narrow limits for the maximum acceleration of the  carriers and
in long transport times. Additionally the friction  of the driving rollers
generates particles in the vacuum chamber.  Therefore the load of the
rails onto the rollers, usually given  only by gravity, is sometimes
enhanced by magnetic forces. This  shifts the friction problems, the
acceleration limit and the  particle generation to a higher level. US
6,919,001 shows a disk  coating system of this kind. Another approach for
the transport is to draw the carriers in the  vacuum chamber by magnets
moved mechanically outside the chamber  on atmosphere along the
transport path. This avoids vacuum feed- throughs and allows increased
accelerating forces on the  carriers, but needs a complicated mechanical
set-up of rotating  magnetized double-helix rods or belts capped with
magnets.  Furthermore the precise positioning of the carriers becomes
complicated. The controlling of the mechanics has to overcome the
backlash and the hysteresis of the magnetic forces. SUMMARY OF THE
INVENTION One aspect of the present invention provides a substrate
processing system for the treatment of substrates in vacuum  



comprising: a first linear assembly of process modules; a second  linear
assembly of process modules, stacked above the first set  of process
modules; at least one lift module allowing for the  transport from the first
set to the second set; a travelling path  through the first and second set of
process modules; a linear  synchronous motor arranged along said
travelling path; at least  one substrate carrier with rails, said carrier in
vertical  orientation being movable along said travelling path, said
substrate carrier being equipped with at least two spaced apart  pieces of
ferromagnetic material; a transport system for said  substrate carrier with
a lower row of rollers and a upper row of  rollers mounted in the process
modules, said rollers interacting 2a  with the rails of said substrate carrier
and attractive forces of  said linear synchronous motor holding the carriers
in vertical  position. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1
shows a substrate carrier for a linear drive in vacuum  Fig. 2 shows a
vacuum coating apparatus with two stacked  lines/rows of processing
stations connected by lift modules at  both ends. The left lift module and
the first process chamber is  shown in opened condition. WO
2006/026886 PCT/C112005/000534  3 Fig. 3 shows a lift module for
elevating a substrate carrier from  one line up/down to the other.
DETAILED DESCRIPTION 5 In a first, preferred embodiment the
transport system relies on  rails (3, 5) fixed to the carrier (2) and rollers (4,
6) mounted in  the vacuum chamber (7), e. g. laterally at the side wall. The
car- 



rier is aligned in vertical orientation and, with only rails and no  rollers on
it, it provides a very slim cross-section. This allows 10 narrow transfer
slots between the process chamber for fast acting  gate valves of less
than 20mm stroke. The attractive force of the  linear motor presses the
rails (3, 5) of the carrier on the rollers  (4, 6). The lower row of rollers (3) in
the chamber has a `gothic  arc' (concave) cross-section. The adjacent rail
(4) of circular 15 shape fit into the gothic arc and give the vertical
positioning of  the carriers. The upper row of rollers (5) have a slightly
convex  shape and the adjacent rails (6) are rectangular. This provides the
exactly vertical orientation of the carriers. 20 In a further embodiment the
carriers may be equipped with rollers  interacting with fixedly mounted
rails in the vacuum chamber. Design  of rollers and rails may be similar
and the holding and moving  mechanism can be used as described above.
In extended substrate  treatment systems with few carriers only the
number of vacuum capa 25 ble bearings in the rollers can thus be
reduced. The stator part of the linear motor with Fe-yokes (8), magnets (9)
and coils (10) is mounted at atmosphere in a stainless steel trough  (11),
placed in some Millimeter distance to the carrier (2) and pro 30 viding the
vacuum separation. In accordance with the embodiments  above, the
trough preferably is arranged at or forming part of the  side wall of the
process chamber. The trough's wall material of low  electrical conductivity,
like stainless steel, holds the eddy cur- rents low for higher operation
frequency and speed of the synchro 35 nous motor. The carrier (2) is
equipped with pieces (12) of ferro- magnetic material in a distance
appropriate to the periodicity of  the stator poles (8). The wandering field
generated by the stator WO 2006/026886 PCT/CH2005/000534  4 



attracts the ferromagnetic parts of the carrier and provides the ac-
celerating and de-accelerating forces. In the vicinity of the gate  valves
between the process modules exists a travel length without  stator poles.
To have at any position driving forces the carrier is 5 equipped with two
ferromagnetic parts in a distance larger than the  length without stator
poles along the travelling path. The preferred embodiment described
above has the following advan- tages: 10 High acceleration forces:
Acceleration of up to 3g and transport  time of less than 0.25 sec between
process positions is shown.  Fast and precise positioning is enabled by
electronic control and  electromagnetic forces, no mechanical moving
parts exist in the  driving unit, no feed-throughs must be placed into the
vacuum cham 15 ber. The magnetic field on atmosphere is penetrating
the nonmagnetic  chamber walls generating forces inside the vacuum.
The driving apparatus allows for going without permanent magnets
mounted on the carrier. This provides easy handling and cleaning of  the
carriers without attractive forces between them. 20 No carrier drop or
substrates drop in case of power loss. The perma- nent magnets
introduced in the stator of the linear drive hold the  carriers in position
without coil current. Furtheron synchronous  transport of all carriers or and
independent carrier transport in  sub-groups of process modules can be
easily accomplished. In conse 25 quence carrier can be positioned
independently in each process mod- ule. Principially the proposed solution
could, in a further embodiment,  be arranged at the bottom of the process
chamber with rails / roll- 30 ers arranged in a horizontal plane. However,
in order to avoid tilt ing of the substrate carriers on the rails/rollers, the
rails have  to be arranged with a certain distance. The gate valves
separating  



the process chamber have to allow enough space for this broader car-
rier. 35 The carriers perform a round trip in the vacuum apparatus and the
load/unload of substrates from the clean room to the vacuum is at WO
2006/026886 PCT/CH2005/000534  5 the end position of the apparatus in
a single module or in adjacent  modules. To move the substrate carriers
from one linear line of  process modules to the other a further vacuum
transport mechanism is  necessary. Existing solutions normally use
mechanically driven 5 sledges. This results in high mass and large
number of moved parts  and result in limited speed and the risk of particle
generation.  In the solution according to the invention two lines (15, 16) of
process modules (14), one stacked above the other, are connected at 10
the ends by lift modules (17, 18). In the lift modules only the car- rier (2),
delivered by the linear drive described above, is taken  out of its roller path
of one line and then placed onto the roller  path of the other line. 15 The
vertical transport in the lift modules (17, 18) is driven by a  rotational direct
drive motor (19). This motor rotates a lever (20)  that is connected to lift
gripper box (21). A kinematics provides  always the vertical orientation of
the gripper box during the rota- tion. The gripper box (21) comprises
magnet/iron yoke arrays (22) 20 that give attractive forces on the
ferromagnetic pieces (12) in the  carrier and similar magnet/iron yoke
arrays (23) that give a repul- sive force against the poles (8) of the stator
of the linear drive.  The attractive and repulsive arrays (22, 23) comprise
an assembly of  magnets (24) and iron yokes (25). 25 



The transfer of a carrier from one transport line to the other line  starts
when the carrier is brought to position by the linear drive.  By rotation of
the motor (19) the lift gripper box (21) is approach- ing the carrier. The
attractive force of the magnet arrays (22) onto 30 the ferromagnetic pieces
(12) in the carrier is over-compensated by  the repulsive force of the
magnet array(s) (23). The current through  the coils (10) adjacent to the
approaching magnet array (23) can ad- just this force. Rings of Viton (or of
another elastomere) fixed to  the lift gripper box are now settled smoothly
into the appropriate 35 deepening in the carrier. This provides a
well-defined position of  the carrier on the lift gripper without metallic
contact. The car- rier is released from the stator of the linear drive by
applying an WO 20061026886 PCT/CH20051000534  6 appropriate
current on the coils (10) in next neighborhood to the  ferromagnetic pieces
(12). The carrier, fixed to the lift gripper by  the magnetic forces of the
arrays (22) is moved perpendicular to the  plane of the rails (3, 5) out of
the roller paths. 5 Alternatively a shunt plate can be approached from the
backside of  the linear motor opposite to the lift gripper. This shunt plate
may  consist of ferromagnetic yoke material (e.g. Fe). Thereby magnetic
field lines are deviated from the linear motor into the plate and 10 thereby
the field attracting the carrier is weakened. In a further  embodiment the
shunt plate comprises yoke material and permanent  magnets. This way
even an overcompensation of the magnetic field of  the linear motor and a
net repulsive force between the linear motor  and the carrier could be
achieved in regions other than those cov 15 ered by the ferromagnetic
pieces (12); both enabling a very well  controlled carrier release from the
stator of the linear drive.  



With respect to figure 3, a 180-degree turn of the motor (19) lifts  the
carrier to the other transport line. A soft approach to the 20 rollers (4, 6) is
provided by the appropriate current management for  the coils (10) in the
approached stator. The attractive force on the  ferromagnetic pieces (12)
is reduced and the repulsive force on the  magnet arrays (23) is adjusted
for a force on the lever (20) that is  in sum slightly repulsive. Then the
motor (19) can settle softly the 25 carrier rails (3, 5) on the rollers (4, 6).
For releasing the grip- per (21) from the carrier (2) the attractive force on
carrier to- wards the stator is increased by a reversed current in the coils
(10) neighboring the ferromagnetic pieces (12). Supported by the re-
pulsive force on the magnet arrays (23) the motor (19) can remove 30 the
gripper from the carrier. The carrier is ready to be transported  by the
linear motor in the next process station and the lift gripper  is ready to take
over the next carrier waiting in the other line.  The magnetic forces of the
magnet arrays (22 & 23) can be supported  and adjusted by additional
coils on the iron yokes (25). 35 Advantages of the lift module described
above: WO 2006/026886 PCT/C132005/000534  7 - Low risk of particle
generation - no metallic contact between  carrier and gripper, smooth
settling of carrier and gripper to  the positions, only magnetic forces to
hold the carrier. - Simple mechanics - for transport only 180 degree turn,
no moved  5 mechanics for gripping - Fast operation by low accelerated
mass - Compatible with direct linear drive concept - No carrier drop in
case of power break down - holding forces  provided by permanent
magnets 



10 8  CLAIMS i. A substrate processing system for the treatment of
substrates in vacuum comprising: a first linear assembly of process
modules; a second linear assembly of process modules, stacked above
the first set of process modules; at least one lift module allowing for the
transport from  the first set to the second set; a travelling path through the
first and second set of  process modules; a linear synchronous motor
arranged along said travelling  path; at least one substrate carrier with
rails, said carrier in  vertical orientation being movable along said
travelling path,  said substrate carrier being equipped with at least two
spaced  apart pieces of ferromagnetic material; a transport system for said
substrate carrier with a lower  row of rollers and a upper row of rollers
mounted in the  process modules, said rollers interacting with the rails of
said substrate  carrier and attractive forces of said linear synchronous
motor  holding the carriers in vertical position. 2. A substrate processing
system according to claim I, wherein  gate valves are arranged between
process modules. 3. A substrate processing system according to one of
the  preceding claims, wherein the rollers are mounted in the  vacuum
chamber at the side wall. 4. A substrate processing system according to
one of the  



preceding claims, wherein the rollers of the lower row of  rollers has a
`gothic arc' cross section and the adjacent  rail has a circular shape. 9  5.
A substrate processing system according to one of the preceding claims,
wherein the rollers of the upper row of  rollers have a slightly convex
shape and the adjacent rails  are rectangular. 6. A substrate processing
system according to one of the  preceding claims, wherein the stator part
of the linear  synchronous motor has a hybrid layout of Fe-yokes, magnets
and coils. 7. A substrate processing system according to one of the
preceding claims, wherein the stator part of the linear  synchronous motor
is mounted at atmosphere in a stainless  steel trough. 8. A substrate
processing system according to one of the  preceding claims, wherein
said lift module comprises a  rotational direct drive motor, a lever and a lift
gripper  box. 9. A substrate processing system according to claim 8,
wherein  the lift gripper box comprises attractive and repulsive  arrays with
an assembly of magnets and iron yokes. 


