
-1- GANTRY POSITIONING SYSTEM  Field of the Invention 5 The invention
relates to a movable gantry system on which a device is mountable  for
performing an operation within a work area, and in particular to a system
for  precisely controlling a position of the movable gantry. 10 Background
and Prior Art Gantry systems can be widely used for a range of applications,
from assembly  and electronic manufacturing, to vision systems and
industrial automation. In  semiconductor assembly and packaging, positioning
systems using gantries are 15 useful where a work space spans a predefined
area and it is necessary to  position a device accurately at various
positions within the area. References herein to gantry systems are to be
understood as including multi-axis  positioning systems whereby a device is
required to be accurately positioned in a  20 two dimensional plane or a
three dimensional space. In a typical two dimensional arrangement, the
device is supported by a carriage which is  movable back and forth in a
first direction along a gantry beam. The gantry beam  is movable back and
forth in a second direction which is typically perpendicular to  the first
direction. The gantry beam is typically supported at both ends by a pair 25
of carriages. If movement in three dimensions is required, the device is
movably  supported on the carriage so that the device is moveable in a third
direction  which is typically perpendicular to both the first and second
directions. The three  directions are typically orthogonal XYZ axes. 30
Travel distance, speed, acceleration, accuracy of placement and reliability
are  relevant factors for consideration in the design of gantry systems.
Accuracy of -2- 



placement and repeatability are especially critical for demanding
applications  where a tool or device must be positioned accurately with only
a small margin for  error. Conventionally, gantry systems utilized ball
screw-based mechanisms and  AC servomotors for driving the gantry. However,
ball screws have inherent 5 drawbacks such as relatively slow speed and
lower precision. More recently, linear motors have been introduced for
driving the gantry systems  and these have significantly improved
performance, speed and reliability as  compared to conventional ball screw
systems. An example is US patent number 10 6,798,088 entitled, "Structure
for Symmetrically Disposed Linear Motor Operated  Tool Machine". The gantry
structure comprises two sustaining walls erected in  parallel and a movable
gantry that can reciprocate along slide rails laid on the  sustaining walls.
The movable gantry is driven by symmetrically-disposed high  output linear
motors. A disadvantage of such a design is that it does not cater to 15
thermal expansion during operation and possible asynchronous operation of
the  motors driving the beam. As the gantry structure is quite rigid, the
slide rails will  encounter stress when the motors drive the gantry by an
unequal distance or  unequal force. Positioning accuracy will be affected
and the slide rails will also  face excessive loads and greater wear. 20 To
address this problem, some flexibility may be introduced to the interface
between the linear guides and the movable gantry, such as in US patent
number  6,852,989 entitled, "Positioning System for Use in Lithographic
Apparatus". A  positioning system that is used to position a movable object
table in three 25 degrees of freedom is described. The movable gantry is
coupled rigidly to sliders  mounted on parallel side beams in at least two
axes to form a rigid body in the  horizontal X-Y plane. A thrust bearing is
pivotally mounted to at least one slider  relative to a side beam for
transmitting forces in the X-Y plane and perpendicular  



to the respective side beam between the movable gantry and the side beam. 30
-3- If the gantry is displaced to effect yaw positioning of the beam, the
linear motors  of the sliders will be correspondingly rotated relative to
their tracks. This  compensates for thermal expansion and asynchronous
operation, but on the  other hand, it introduces various design
complexities. Furthermore, the design 5 introduces an extra degree of
freedom of movement to the gantry to alleviate  high stresses on the linear
guides during yaw by providing extra rotary degrees of  freedom at both
ends. Unfortunately, an excess of rotary degrees of freedom  leads to the
gantry system having limited stiffness to counter roll and pitch  movements,
which ought to be high in order to achieve the requisite accuracy  10 and
dynamic performance. It would be desirable to keep the overall design of the
gantry system as simple as  possible by assembling the system with fewer
parts, and yet be able to achieve  high positioning accuracy for the gantry.
15 Summary of the Invention It is thus an object of the invention to seek to
provide a gantry positioning system  that reduces some of the aforesaid
disadvantages of prior art gantry systems to  20 achieve simplicity and
placement accuracy. Accordingly, the invention provides a gantry system
comprising: a gantry beam  having a first section and a second section;
first and second motors cooperating  to drive the respective first and
second sections in parallel directions to position 25 the gantry beam along
a linear axis; and a flexure connected between the first  and second
sections about which the second section is deflectable relative to the
first section. 



It would be convenient hereinafter to describe the invention in greater
detail by  30 reference to the accompanying drawings which illustrate
preferred embodiments  of the invention. The particularity of the drawings
and the related description is -4- not to be understood as superseding the
generality of the broad identification of  the invention as defined by the
claims. Brief Description of the Drawings  5 An example of a preferred
embodiment of a gantry system in accordance with the  invention will now be
described with reference to the accompanying drawings, in which: 10 FIG. 1
is an isometric view of a gantry system according to the preferred
embodiment of the invention; FIG. 2 is a plan view of the gantry system; 15
FIG. 3 is a side view of the gantry system looking from direction A of FIG.
2; FIG. 4 is a plan view of a gantry beam that is aligned parallel to an X
axis of the  gantry system; 20 FIG. 5 is a plan view of the gantry beam
rotated in one direction when opposite  ends of the beam are misaligned; and
FIG. 6 is a plan view of the gantry beam rotated in an opposite direction
when  opposite ends of the beam are misaligned. 25 Detailed Description of
the Preferred Embodiment of the Invention FIG. 1 is an isometric view of a
gantry system 10 according to the preferred  embodiment of the invention.
The gantry system 10 generally comprises a base  30 support 12 which
includes vertical sidewalls, a gantry beam 14 having separate sections 14a,
14b and supported at its respective ends by each vertical sidewall, 



-5- a linear guide such as a guide rail 16 for guiding movement of one
section 14a of  the gantry beam 14 along one vertical sidewall, and a
bearing such as an air  bearing for supporting a second section 14b of the
gantry beam 14 along the  other vertical sidewall. 5 There is a pair of
motors, which may be in the form of linear motors 18, 18' each  driving a
respective end of the first section 14a and the second section 14b
substantially synchronously in parallel directions to position the gantry
beam 14  along a linear axis (ie. the Y axis in FIG. 1). Each linear motor
18, 18' comprises 10 a magnet assembly 19, 19' including rows of magnets
cooperating with a coil  bracket 20, 20' including coil windings which is
movable relative to the magnet  assembly 19, 19'. The magnet assemblies 19,
19' are mounted to the base  support 12 whereas the coil brackets 20, 20'
are mounted to the gantry beam 14. 15 The gantry beam 14 is preferably made
from aluminum or aluminum alloy.  Flexibility in the gantry beam 14 is
introduced by incorporating a flexure 22 which  separates the two sections
of the gantry beam 14. Preferably, the flexure 22 is  located substantially
nearer to the guide rail 16 than to the air bearing. The  section 14a
resting on the guide rail 16 has higher inherent rigidity than the other 20
section 14b resting on the air bearing, because the guide rail 16 rigidly
guides its  movement along the linear Y axis. The flexure 22 allows the
second section to  be deflectable relative to the first section about the
flexure 22. The flexure 22 may be integrally formed with the rest of the
gantry beam 14 by  25 cutting material from the gantry beam and shaping it
to create the shape of the  flexure 22. Alternatively, the flexure 22 may
comprise a separate component that  is mounted to the separate sections of
the gantry beam 14. The flexure 22 is preferably arranged vertically and cut
in a direction that is  



30 traverse to the motion direction of the gantry beam 14 along the X-Y
plane so  that there is a degree of freedom of movement, albeit limited, in
the directions -6- parallel to the linear axis along which the gantry beam
14 is drivable by the linear  motors 18, 18'. This limited degree of freedom
is to cater for asynchronous  operation of the respective linear motors 18,
18'. At the same time, the flexure  22 is rigid and restricts freedom of
movement in other directions to restrict pitch  5 or roiling motion. The
flexure 22 is designed to give a reasonably low frequency fundamental mode
in bending while providing sufficiently high dynamic stiffness for higher
frequency  modes. It has also been designed to have adequate load carrying
capacity while 10 containing a maximum stress level well below the endurance
level of the material  used. The flexure is preferably made from aluminum,
aluminum alloy, steel or  titanium alloy where it comprises a separate
component. However, other high- strength materials may also be suitable. 15
A mounting bracket 24 for mounting a device, such as a bonding or pick-and-
place device, is slidably mounted on the gantry beam 14 and is movable along
an  axis parallel to the length of the gantry beam 14 (ie. the X axis in
FIG. 1). The  mounting bracket 24 is preferably drivable by another linear
motor 26. For  convenience, the axis along which the mounting bracket 24 is
slidably movable is 20 referred to as the X axis and the axis along which
the guiding rail 16 guides the  gantry beam 14 is referred to as the Y axis.
It would be appreciated that a  combination of movement of the mounting
bracket 24 in the X and Y axes driven  by the respective linear motors serve
to position a device mounted on the  mounting bracket 24 to various
locations on an X-Y plane. 25 The end of the gantry beam 14 opposite to the
end guided by the guide rail 16 is  



supported by an air bearing having a high stiffness but supports the second
section 14b relatively less rigidly than the guide rail 16 for movement
along the  linear axis such that the second section 14b is deflectable
relative to the first 30 section 14a. The air bearing comprises an air
bearing support surface 28 and an  air bearing pad 30 facing each other,
with a gap created between the surfaces by -7- pressurized air injected
between the surfaces to separate them. To enhance the  stiffness of the air
bearing, a pre-loading magnetic sub-assembly 32 is arranged  so as to be
attracted to a magnetic pre-load strip 34 laid out on the air bearing
support surface 28 which is generally aligned with a traveling path of the
pre 5 loading magnetic sub-assembly 32. There is a position encoder system
36 for  determining the position of the gantry beam 14 at any given time
along the Y axis.  FIG. 2 is a plan view of the gantry system 10. For
simplicity of illustration, the  linear motors 18, 18' located at the
respective ends of the gantry beam 14 have 10 been removed. This view shows
that the mounting bracket 24 is movable along  the gantry beam 14 on the X
axis and the gantry beam 14 is movable along the  guide rail 16 on the Y
axis. The gantry beam 14 is supported on the guide rail 16  by a set of
linear guide blocks 17 containing re-circulating rolling elements such  as
balls or rollers at one end and is supported on the other end by an air
bearing  15 comprising the air bearing support surface 28 and the air
bearing pad 30. FIG. 3 is a side view of the gantry system looking from
direction A of FIG. 2. It  shows the gantry beam 14 supported on the guide
rail 16 by the linear guide  blocks 17. It also shows the guide rail 14
supported on the air bearing 20 comprising an air gap 31 formed between the
air bearing support surface 28 and  the air bearing pad 30. The air gap 31
is created by pressurized air injected by  the air bearing pad 30 towards
the air bearing support surface 28. To enhance  the stiffness of the air
bearing, a pre-load force is created by way of the magnetic  



pre-load strip 34 attracting the pre-loading magnetic sub-assembly 32. 25
FIG. 4 is a plan view of the gantry beam 14 that is aligned parallel to an X
axis of  the gantry system 10. The gantry beam 14 is drivable in the +Y and
-Y directions  by first and second linear motors 18, 18' at its respective
ends. During operation,  it is preferable that the two ends of the gantry
beam 14 are driven simultaneously 30 by the same distance so that the beam
is maintained parallel to the X axis.  However, if there is asynchrony
between the linear motors 18, 18', an end driven -8- by one linear motor 18'
may be driven further than another end driven by the  other linear motor 18.
FIG. 5 is a plan view of the gantry beam 14 biased in one direction when  5
opposite ends of the beam 14 are misaligned. In this case, if the gantry
beam 14  is rigid in the X-Y plane, it would cause stress on the linear
guide guiding the  movement of the gantry beam 14. However, with the flexure
22 incorporated into  the gantry beam 14, one section 14b of the beam 14 is
allowed to deflect and  rotate due to the limited degree of movement of an
end of the gantry beam 14 10 supported on the air bearing. The other section
14a at the opposite end of the  gantry beam 14 remains relatively fixed.
Thus, it can be observed that although  the end of the gantry beam 14 guided
by the guide rail 16 is relatively stiff on a  rotary axis, the section of
the gantry beam 14 supported by the air bearing  rotates in the +Y direction
where excess movement of the linear motor 18' is  15 present, thereby
reducing the stresses on the system 10. It should be noted, however, that
the extent of motion in FIG. 5 is exaggerated for  the purpose of
illustration. In actual operation using state-of-the-art high  precision
motors and position encoders, it is likely that the degree of rotation will
20 be limited to a few arc seconds. This deviation will be immediately
corrected by a  



closed loop control system using the linear motor 18' and position encoder
system 36 on the air bearing side of the gantry beam 14. Similarly, if the
end driven by the second linear motor 18' is moved further than  25 the end
driven by the first linear motor 18 in the -Y direction, the section 14b of
the gantry beam 14 supported by the air bearing may appear to be rotated in
an  opposite direction. FIG. 6 is a plan view of the gantry beam 14 rotated
in the  opposite direction when opposite ends of the beam 14 are misaligned.
With the  degrees of freedom limited in the aforesaid directions, stresses
on the guide rails 30 16 due to asynchrony of the linear motors 18, 18' can
be reduced to a negligible  level. -9- It should be appreciated that the
gantry positioning system according to the  preferred embodiment of the
invention simplifies assembly of the gantry, while  ensuring placement
accuracy, fast dynamic response and an enhanced 5 maintenance-free lifespan
of the gantry system. The invention described herein is susceptible to
variations, modifications and/or  additions other than those specifically
described and it is to be understood that the  invention includes all such
variations, modifications and/or additions which fall  10 within the spirit
and scope of the above description. -10- CLAIMS: 1. A gantry system
comprising: a gantry beam having a first section and a second section; 5
first and second motors cooperating to drive the respective first and
second sections in parallel directions to position the gantry beam along a
linear  axis; and a flexure connected between the first and second sections
about which the  



second section is deflectable relative to the first section. 10 2. The
gantry system as claimed in claim 1, including a linear guide for  guiding
movement of the first section rigidly along the linear axis and a bearing
for supporting the second section relatively less rigidly for movement along
the  linear axis such that the second section is deflectable relative to the
first section.  15 3. The gantry system as claimed in claim 2, wherein the
linear guide  comprises a guide rail. 4. The gantry system as claimed in
claim 3, wherein the first section is  20 supported on the guide rail by
linear guide blocks containing re-circulating roller  elements. 5. The
gantry system as claimed in any one of claims 2 to 5, wherein the  bearing
comprises an air bearing. 25 6. The gantry system as claimed in claim 5,
wherein the air bearing  comprises an air bearing support surface and an air
bearing pad with a gap  created between the surfaces by pressurized air
injected into the gap. 30 7. The gantry system as claimed in claim 6,
wherein the air bearing support  surface and air bearing pad further
comprise a pre-load strip and a pre-loading -11- magnetic sub-assembly
respectively that are configured to attract the air bearing  pad towards the
air bearing support surface. 8. The gantry system as claimed in any one of
claims 2 to 7, wherein the  5 flexure is located substantially nearer to the
linear guide than to the bearing. 9. The gantry system as claimed in any one
of the preceding claims, wherein  the first and second motors comprise
linear motors. 



10 10. The gantry system as claimed in any one of the preceding claims,
wherein  the flexure is integrally formed from the gantry beam by cutting
and shaping  therefrom. 11. The gantry system as claimed in any one of the
preceding claims, wherein  15 the flexure is a separate component mounted to
the first and second sections. 12. The gantry system as claimed in any one
of the preceding claims, wherein  the flexure is configured to be flexible
in directions parallel to the linear axis along  which the gantry beam is
drivable but is rigid and restricts freedom of movement  20 in other
directions. 13. The gantry system as claimed in any one of the preceding
claims, wherein  the flexure is configured to give a low frequency
fundamental mode in bending  while providing high dynamic stiffness for
higher frequency modes. 25 14. The gantry system as claimed in any one of
the preceding claims, wherein  the flexure is made from a material selected
from the group consisting of:  aluminum, aluminum alloy, steel and titanium
alloy. 30 15. The gantry system as claimed in any one preceding claims,
wherein the  gantry beam is made from aluminum or aluminum alloy. 


