-1- GANTRY POSI TI ONI NG SYSTEM Field of the Invention 5 The invention
relates to a novable gantry systemon which a device is nountable for
perform ng an operation within a work area, and in particular to a system
for precisely controlling a position 3f t he novabl e gantry. 10 Background
and Prior Art Gantry systens can be widely used for a range of applications,
fromassenbly and el ectronic manufacturing, to vision systens and

i ndustrial automation. In sem conductor assenbly and packagi ng, positioning
systens using gantries ar GANTREPOSIMONING SYSKENpace spans a predefined
area and it is necessary to position a device accurately at various
positions within the area. References herein to gantry systens are to be
under st 0@4L 3% s | Hdinfgnmul ti-axis positioning systens whereby a device is
r equi red‘t'O_b'E‘_a'CCUT'aT'E'Py positioned in a 20 two dinmensional plane or a

t hree5di nensi onal space. In a typical two dinensional arrangenent, the

device is. supported a.carriage which is, novabl e back .and forth in a
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of carri pyeciselyicomrottimgra positioin péthedinorabklearantiys required, the device is
novably supported on the carriage so that the device is noveable in a third
direction which is typically perpendicular to both the first and second

di req?i Ot ek dSE Pridk Agct i ons are typically orthogonal XYZ axes. 30
Trave diT[‘a'ﬁ'cr‘sp'evd—avc, ) el eration, accuracy of placenent and reliability

are relevant factors for consideration in the design of gantry systens.

\ccur acy of -2-
A y 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



pl acenent and repeatability are especially critical for demandi ng
applications where a tool or device nmust be positioned accurately with only
a small margin for error. Conventionally, gantry systens utilized ball
screw based nechani sms and AC servonot,ors for driving the gantry. However,
bal | screws have inherent 5 drawbacks §uch as relatively slow speed and
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systens. An ex le js US patent nunber 10 6, 798, 088 entitled, ."Structure
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notors. A disadvantage of such a design is that it does not cater to 15

t hermal expansi on during operation and possi bl e asynchronous operation of
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nunber entitled, os1 t1°oni ng or e 1 n Lithographic
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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
hetween 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 paralle! 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 bheam between the movable gantry and the side beam.
30



to the respective side beam between the novable gantry and the side beam 30
-3- If the gantry is displaced to effect yaw positioning of the beam the

| inear notors of the sliders will be correspondingly rotated relative to
their tracks. This conpensates for thgrmal expansion and asynchronous
operation, but on the other hand, it rntroduces various design
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SeCOng segid @psarhic pHcthiapicedi rections to position 25 the gantry beam al ong
a linear axis; and a flexure connected between the first and second

secti ons about which the second section is deflectable relative to the

first SecItt Wolld 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 iliustrate preferred embodiments

of the invention. The particularity of the drawings and the related description is



It would be convenient hereinafter to describe the invention in greater
detail by 30 reference to the acconpanying drawi ngs which illustrate
preferred enbodi nents of the invention. The particularity of the draw ngs
and the rel ated description is -4- not ,to be understood as superseding the
generality of the broad identification of the invention as defined by the
cl ai ns. | L REA N i fi &k led
e e e B e et B B 1 ow be
descri bedheiinventiohesadefmeddyt the @sictspanyi ng drawi ngs, in which: 10 FIG 1
is an isonetric view of a gantry system according to the preferred

enbodi nent of the invention; FIG 2 is a plan view of the gantry system 15
FIG 3 | BRefP&ribtisoPind DPawidgt’ Y system looking fromdirection A of FIG
2; FIG 4 17S aplan view of a gantry beamthat is aligned parallel to an X
axis 6f the gantry system 20 FIG 5 is a plan view of the gantry beam
rotated i one direction when Si t ends, of the beam are m sgligned; and
Fa 6 i A SRRl SR it A ol repEghe Santy syste Iharoente vantBe:  on
when  opRagéhiRreRiHARf bb kRsBABEY With BiciehtdREthe ARRHyirRfldfsmiRgs pti on of
the Preferred Enbodi nent of the Invention FIG 1 1s an rsonmetric” view of a
gantry syatvenctii0 according to the preferred enbodi ment of the invention.
The gantry system 10 generally conprises a base 30 support 12 which

i ncludes vertical sidewalls, a gantry beam 14 havi ng separate sections 1l4a,

14b apd stepoftigdaAt isbireti€@SRaLt bV e gaAfy LYy RarN ak¥Esirkako SthdePrdtbrred

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 novenent of one
section 14a of the gantry beam 14 al ong one vertical sidewall, and a
beari ng such as an air bearing for supporting a second section 14b of the
gantry beam 14 al ong the other vert|c§ sidewall. 5 There is a pair of
notors, which may be in the form of ear notors 18, 18 each driving a
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nmovabl e rghat {¥@ichPsiiB®aiagnet assenbly 19, 19'. The magnet assenblies 19,

19" are nmounted to the base support 12 whereas the coil brackets 20, 20
are mbunted to the gantry beam 14. 15 The gantry beam 14 is preferabl y made
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in a direction that is
15 The gantry beam 14 is preferably made from aluminum or aluminum alloy.
Fiexibility 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, aibeit limited, in the directions



30 traverse to the notion direction of the gantry beam 14 along the X-Y

pl ane so that there is a degree of freedom of novenent, albeit limted, in
the directions -6- parallel to the linear axis along which the gantry beam
14 is drivable by the linear notors 18, 18 . This limted degree of freedom
is to cater for asynchronous operation of the respective linear notors 18,
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conponent. However, other high- strength materials may al so be suitable. 15
A mounting bracket 24 for nounting a device, such as a bonding or pick-and-

I devi4 ' ' t 4 ' I
o axi o DA€ fpkdp %2 SRS GrL I % AlpbNonatipisy ragRBho ndtiamentghifahee, B ono
FIG 1). ihhisendingwhilegrovidogesuffdentty highfdynabiy stiffnesfer Highermfodduancyi near
notor 26. For conveni ence, the axjs al ong which the nounting bracket 24 is
sli dabl y Medasl & has 2ig0heearqesiones shavreadeqnats leaticanyng,qapagito M ighi ch
th i di ' j 4. Y axis.
1 vt d Sentai 2 MahRRT S8 IR REN LRRATr ohdueREE IER of st ™ °

bracket 24sed (The flexame iy paefesatsly imade floyn tHheminesmealumirurhi alkgr stedl wrs serve
tio position a device nounted on the nounti ng bracket 24 to vari ous

| ocat i pnst'téﬂ'uérh aﬁOY{"HIeéﬁét. C?@'WF@S EneERATAEOHRANENL. pERWEVRT oPhEE Mgt o t he
end gui deg, Byei Aeat@HAA mAFhlsole SSitable.

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



supported by an air bearing having a high stiffness but supports the second
section 14b relatively less rigidly than the guide rail 16 for novenent
along the |linear axis such that the second section 14b is defl ectable
relative to the first 30 section 14a. The air bearing conprises an air

beari ng support surface 28 and an air "bearing pad 30 facing each other,
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bearing, a pre-load force is created by way of the magnetic
157 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. 1t 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-foad 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



pre-load strip 34 attracting the pre-loading magnetic sub-assenbly 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 lingar notors 18, 18 at its respective
ends. During operation, it is preferabl'e that the two ends of the gantry
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correcte
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.



cl osed | oop control systemusing the linear notor 18 and position encoder
system 36 on the air bearing side of the gantry beam 14. Simlarly, if the
end driven by the second |inear notor 18 is noved further than 25 the end
driven by the first linear notor 18 in_the -Y direction, the section 14b of
the gantry beam 14 supported by the aFP'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 m sal i gned.
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of the gantry system The invention described herein is susceptible to

vari ations, nodifications and/or additions other than those specifically

descri be bofin gk St - |V i L : such
var at | onlE fentbfl dechbed o' §hscbBibe 18, varlifBip. RSB SpRldr SHET,
and scopeadditidriscothbottanatese specifically-dedcrifed\bh:it i$.to Aegardarstosy shatnthe
conprising: a gantry beam having a first section and a second section; 5
first andn¥erlighd inphidessal suishr ¥ahiatignso npdications and{pe addiiens which aiad

seco S L L i I : ition the gantry beam al ong a
| neg(ré :\&M‘m@%é&zgpﬁg%ﬁee @Jhﬁé@?ggﬁgé%ﬁﬁﬁ the first and second sections
about which the

§



second section is deflectable relative to the first section. 10 2. The
gantry systemas clainmed in claiml, including a |inear guide for guiding
novenent of the first section rigidly along the Iinear axis and a bearing
for supporting the second section relathvely less rigidly for novenent al ong

the linear axis such that the second section is deflectable relative to the
first sec@! AMS: 15 3. The gantry systemas clainmed in claim2, wherein the
| i near gurde conprises a guide rail. 4. The gantry systemas clained in

claim3, wherein the first section is 20 supported on the guide rail by
| i near gu'tde béockf containing re-circulating roller elenents. 5. The
gantry syst emQ93BYiSYEPM FOSMN'SEe of clains 2 to 5, wherein the bearing
conprises an ahgaRfgbelth having a fiSEs&dAn ahdy SkEOh@Seblich;ed in claims,
wherein the air“bearing conprises an air bearing support surface and an air
beari iy pad wifirst aanglhgecondanetbrd ecapenating: te udfive dbe byespeetierurfirgtedndi r
injected into the gap.. 30 7., The gantry systemas clained in claimb§é,
wher oi n_ tHREOR SERIGAR i Raralle) directios 1 posfigndhe ean bAp.Alona.a fsdr
conpri se gxig'réhd oad strip and a pre-loading -11- magnetic sub-assenbly
respectively that are configured to attract the air bearing pad towards the
ai r bearing suaflextrestoringcted SetwEea thedirstyarsl/seeomdageatibas mbdut whaomthene of
claims 2 to 7,, wherei.n the flexure i s Located substantially nearer to the
| i near gu?‘%@nptﬁﬁ?%f’ﬂ % Hsﬁ%gag'ierf&%ye%ﬁ%e b?ﬁﬁ??g%st emas clained in any one
of thg preceding clains, wherein the first and second notors conprise
| i near notors.

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



10 10. The gantry systemas clainmed in any one of the preceding clains,
wherein the flexure is integrally formed fromthe gantry beam by cutting
and shaping therefrom 11. The gantry systemas clained in any one of the
precedi ng clains, wherein 15 the er e is a separate conponent nounted to
the first and second sections. 12. The Bantry systemas clained in any one

o e DERAC LR B Ot ek XU oG B A B 1
drivabl e padttolards tHiedainbdarieg suppds stirfaeslom of nmovement 20 in ot her

directions. 13. The gantry systemas clained in any one of the preceding
cl ai ns, V\/nerei n the flexure is configured to give a | ow frequency

fundanentgal moge, onpenglngn Lbindl G Il ohd B EMRATIE FLARLRRE LT

hi gher frequency e gantry’systemas clained In any

t he pbecdidixace &llecated substaritially hbardritethe tnésr gudee tHaroo tﬁemmgw sel ect ed
fromthe group consisting of: alum num alumnumalloy, steel and titanium
alloy. 30 15. The gantry systemas clainmed in any one preceding cl ai s,

wherei n the  gant £y heamiis, DRARIHEET BhYBHRUPRE pALilTiRY Bl herein

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, atluminum 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.



