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«DEVI.CES FIELD OF THE INVENTION 5 This invention relates to an apparatus for
*nmoving an el ement in an opto-nmechanical system and in particular for
_exanple. to an apparatus for noving a lens in a |lens focussing operation,
“for exanple for use in a wire bonding lmachi ne. 10 BACKGROUND OF THE
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sem conduct or devices. Such vision systens include an opto-nechani cal

system for, in particular, noving optical elenents such as a |lens for the
pur pose of focussing operations. PRIOR ART 20 Flexures are routinely used in
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moving a lens in a lens focussing operation, for example for use in a wire

bonding machine.

10 BACKGROUND OF THE INVENTION
Wire bonding machines and other apparatus used in the
semiconductor manufacturing and assembly industry, often use a
computerised vision system, for example for monitoring processes and for
precise and accurate location of the position and orientation of objects such
15 as semiconductor devices. Such vision systems include an opto-mechanical

system for, in particular, moving optical elements such as a lens for the

purpose of focussing operations.

PRIOR ART
20 Flexures are routinely used in opto-mechanical systems for
manipulation of optical elements such as a mirror or a lens in focussing and
tracking (U.S. pat. Nos. 4927235, 5208703, 5594820, 6064505). Flexures are
especially suited for these purposes due to the excellent inherent repeatability
of their motion trajectory devoid of friction and wear. In many applications

25 such as, for example, disc drives, a pair of flat parallel flexures similar to the



ones shown in FIG 1, are used. They closely mmc the classic four bar
.li'nkage. Thus, while the free end of each flexure noves along an arc, the
. rigid coupling between the flexures ensures that there is virtually no
‘rotation at the free end. For a small displacenent Ax, this approxinates
“linear notion with a 5 tolerably small 2parasitic notion (err)z,

perpendi cular to the direction of the gross notion, but wwth virtually no
lens tilt ondswehewn innF¥Grie anepuisedst They, clogely mimic the calagsic douz darvi si on
system of a wire bondi ng nachi ne, both the orientation and the position of
the opti gakagdi phed, Wi thevireg eheng daetdiexard tnaisnilehged arc! thieidid ght

tol erances, 10 over the entire range of lens notion. In such cases, parallel
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di scs, fractions of a mllimeter thick. Each disc has a specified nunber of

slots (usur%{ign Bt JAES vir@%‘é}?ég%leﬁglﬁﬁe) , of either spiral or straight or arc

shape or a conbination hey are machined using either wre

el ectro-di scharge nmachi hi ng or 20 ,Ehot o-lit mogr aphy or any ot her suitable
met hod, vyi el di n%oﬁ’eﬁﬁ‘hb@r seme 1apAliRGHons;, feh (@8 R~ BeERMPHEriZ8a dVisioN: he
nmovi ng nmenber. Very high ratios of radial stiffness to axial stiffness can
be real i zesystainmf swirh Hdneling swching, deth dme ofie ntadiomeariththiespositidmgf theexur es
of circular symetry is normally effected by a brush-less linear notor

usi ng per ngmesHl axRIseihe mbthg lens have to be maintained within tight tolerances,

10 over the entire range of lens motion. In such cases, parallel flexures
mentioned above are not suitable. Flexures with circular symmetry do not
suffer from parasitic lateral motion but instead, give rise to a small angular
rotation about the motion axis. Such flexures have been used in long life
compressors and cryogenic coolers as disclosed in US patent nos. 5351490,

15 5492313, 5522214, 5647217, 5920133, 6050556 and 6129527. Some typical
designs are shown in Fig. 2. These are in the form of flat discs, fractions of a
millimeter thick. Each disc has a specified number of slots (usually but not
always, three), of either spiral or straight or arc shape or a combination
thereof. They are machined using either wire electro-discharge machining or

20  photo-lithography or any other suitable method, yielding a number of flexing
“arms” which bear the load of the moving member. Very high ratios of radial
stiffness to axial stiffness can be realized using such flexures.

Actuation of the mechanism using flexures of circular symmetry is

normally effected by a brush-less linear motor using permanent magnets. The

25 linear motor could be either of single phase (commonly called voice coil



25 linear notor could be either of single phase (comonly called voice coi

3 notor) or of multiphase design, in any of the several possible topol ogies
" but nost usually cylindrical. While nmaking best use of the avail abl e space,

l'eading to a very conpact design, the cylindrical voice coil notor keeps the
. actuating force virtually aligned with®the axis of the flexure discs. A
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opt o- nechani cal system conprising at |least 20 one circularly synmetric

fllexure sgpiieannishricttinORhtedadn HeehBling MBFbE@ans for noving said opti cal
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excited vibrations at the end of the stroke. In the absence of sufficient
10 damping in the system, these vibrations continue for an undesirably long
period of time before their attenuation reaches a level acceptable to the
specified objective of the motion stage, such as in the present case, moving a
lens to focus an image of interest. This considerably slows down the entire

process. In order to substantially speed up the attenuation of undesirable

15 vibrations some kind of damping needs to be introduced into the system.

/ SUMMARY OF THE INVENTION

According to the present invention there is provided apparatus for
moving an optical element in an opto-mechanical system, comprising at least
20  one circularly symmetric flexure surrounding said optical element, and means
for moving said optical element along an axis perpendicular to and extending

through the centre of said at least one flexure .
Preferably there may be a stack of circularly symmetric flexures, and
preferably the flexures in each said stack may be separated by spacer

25 members. Such spacer members may include rim spacers for spacing apart



preferably the flexures in each said stack may be separated by spacer 25

* menbers. Such spacer nenbers may include rimspacers for spacing apart 4

. rimportions of said flexures, and central spacers for spacing apart central
portions of said spacers. In a particu‘{arly preferred enbodi nent of the
invention the optical element is nounted between two stacks of flexures and

the axis 0 ORHHC %?g&% ; rMi to and
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may conpri SE' a v?i ce,coil nmotor. Means may be provided for sensing the

posi tion BPHORSPISAIY 8R#HPement o0 and for providing a feedback control to
sai d noving neans. The sensing neans may conprise a |linear variable
differential tharssdackeulady, prpfarced ergkediorent zofk &peidnyentions éhe coptisal an

i nductive sensor. Another preferred feature of the invention is that the

optical ebpimsHt is Myurted Bepreeh ddowtadkisofFldxubes ahdtBERRIs dbvaReas Wi th
the optical 15 elenent, such that an end of the tubul ar nenber is received
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tubul ar nenber to define a narrow annul ar passage therebetween, whereby
novenment §ﬁchﬁéa%ti cal elenent nmay be danped by the novenent of air into
and out of the bore 20 through the annul ar passage. BRI EF DESCRI PTI ON OF
THE DRAW NGS The means for moving the optical element may comprise a voice caoil

motor.
Means may be provided for sensing the position of said optical element
10 and for providing a feedback control to said moving means. The sensing
means may comprise a linear variable differential transducer, an optical
sensor, a capacitive sensor or an inductive sensor.
Another preferred feature of the invention is that the optical element
may be supported within a tubular member that moves with the optical
15 element, such that an end of the tubular member is received within a bore
formed as part of a fixed component, the bore having an internal diameter
slightly greater than the external diameter of the tubular member to define a
narrow annular passage therebetween, whereby movement of the optical
element may be damped by the movement of air into and out of the bore

20 through the annular passage.

BRIEF DESCRIPTION OF THE DRAWINGS
Some embodiments of the invention will now be described by way of

example and with reference to the accompanying drawings, in which:-



Sonme enbodi nents of the invention will now be described by way of exanple
rand*with reference to the acconpanying drawings, in which: 5 FIG 1 shows an
" exanple of pri-or art relating to a pair of straight parallel flexures used
for tilt free, approximately rectilinegr motion, FIG 2 shows three designs
of flexures with circular symretry, FI'G 3 shows a preferred enbodi nent of

the present |nveioBhows FaSexdtipner Hhiof Nt ielitingl &% Pairdof It st ack
and FIGs. 4d and 4e show respectlve y a rimspacer and a central Spacer to

pe used with DS AbENMReS DA it AforokfiflaElyRctifife il SNOW Lo

exure s and ow respectively a rim
spacer and a ceptral g cer to be usgg io wth the flexure shown in FIG

5c. DETAI LED DESERI$$D e WHOTeircNl 3 RMeRY. enbodi nent  of

the present invention w II be described with reference to FIG 3. 15 The
novi ng optical EBpdsbows@prieted emboeimentd the Ereséhieinséptidn, i s suitably
affi xed inside the bore of a precisely machi ned tubul ar nenber 2

(henceforth cal Fres’ Aéﬂéﬁdmb Shewt w@v%wé &f §W%Q9F@§t’acﬁ<r% F'r@sn@a%n%upport

4, using stacks 3, of flat circular flexures 3a. Nornmally, two stacks 3, of
fl exures ggar at ed bé @ezw tabl e di stance arelused N LVDT &H?near
Vari abl e 20 “hi £ 78 R0RM GePerty ¥ GcdN)SPACRE 8RS AT THER éPaaeg 205 Yrgd

assenbly 7a, and a_noving ferromagnetic core 7b, is used as a position

sensor. Any ot h#e Bexgeshoyitir RIS . Acgcapdcitive, inductive or optical sensor
may be suitably used in '

FIGs. 5a and 5b show two views of another flexure stack and FIGs. 5d
N ) and 5e show respectively a rim spacer and a central spacer to be used

10 with the flexure shown in FIG. 5c.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
A preferred embodiment of the present invention will be described with
reference to FIG. 3.
15 The moving optical component (henceforth referred to as ‘lens”) 1, is
suitably affixed inside the bore of a precisely machined tubular member 2
“ (henceforth called “tube”). The tube 2, is suspended from the main support 4,
using stacks 3, of flat circular flexures 3a. Normally, two stacks 3, of flexures
3a, separated by a suitable distance are used. An LVDT (Linear Variable
20 Differential Transducer) 7, consisting of a stationary coil assembly 7a, and a
moving ferromagnetic core 7b, is used as a position sensor. Any other sensor
such as a capacitive, inductive or optical sensor may be suitably used in
place of the LVDT.
Two views of a flexure stack 3, are shown in FiGs. 4a and 4b, and its

25 constituent parts are shown in FIGs. 4c, 4d and 4e. Two views of another



pl ace of the LVDT. Two views of a flexure stack 3, are shown in FIGs. 4a and
“4b, "and its 25 constituent parts are shown in FIGs. 4c, 4d and 4e. Two
views of another 6 flexure stack 3, are shown in FIGs. 5a and 5b, and its

. constituent parts are shown in FIG. 5¢c, 5d and 5e. Each stack 3, consists
of one or nore flexures i nt ersperéed wi th spacers 5, 6. Each rim spacer
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noves but does not flex. Those portions 3b, (henceforth called

"f] ex- ar 34, interspareed Mathusracsrs §, 8a Eachdim spacens, isshaped tByrovanthabf t he
spacers 5, 6, can flex to yield the desired axial motion. The nutual io

coupl i ng qfart betHd Rexurards mbantwottie statiohbsyx Ui kasSholearh,alisioh ré lised
different flexures 3a, in the stacks 3, inparts a very high radi al

sthTIness hnblf U balks 38 riHey mhbgsmgeal chiterftd Shaddd 6. i858

relatively | ow. rrlng exure s S ar'e spaced

apart by the c0|I unt 8 f the v0| e no section and
by the. ai iPle £ athpdoriatas Wil thhdney A tabady tde shnBad (o AeveRANEORBRe 7. of
the LVDT 7, is then nounted on the noving tube 1, via core nount 7c, and the
whol e mwmghsmpmee&al ywhigh cimaxvpe dbuf @qeswbhg‘laxutThqsn pRitions/Bb,cor e 7b,
is ensured to be nomnally co-axial with the LVDT coil assenbly 7a. An
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‘ any of the spacers 5, 6, can flex to yield the desired axial motion. The mutual
10 coupling of the flex- arms 3b, within a flexure 3a, and also within different
flexures 3a, in the stacks 3, imparts a very high radial stiffness to the entire
assembly, while keeping the axial stiffness relatively low.
Referring back to FIG. 3, the flexure stacks are spaced apart by the
coil mount 8, of the voice coil 9, in the moving section and by the main
15 support 4, in the stationary section. The moving core 7b, of the LVDT 7, is
then mounted on the moving tube 1, via core mount 7¢c, and the whole
moving sub-assembly is clamped tight using nut, 10. The LVDT core 7b, is
ensured to be nominally co-axial with the LVDT coil assembly 7a.
An axially magnetized permanent magnet 11, in the shape of a ring is
20 glued into the main housing 4. The permanent magnet 11, is made of a high
energy density material such as neodymium ferrous boron. A ring shaped
pole piece 12, of magnetically permeable iron alloy, is glued on the magnet.
The main housing 4, which is also made from magnetically permeable iron

alloy, acts as the outer pole. Thus the annular air gap 13, between the inner

25 pole piece 12, and the main housing 4, contains a radial magnetic field. When



energy density material such as neodym um ferrous boron. A ring shaped pole

~piece 12, of magnetically pernmeable iron alloy, is glued on the nmagnet. The
mai n housing 4, which is also nade from magnetically perneable iron all oy,

. acts as the outer pole. Thus the annula; air gap 13, between the inner 25
pol e piece 12, and the main housing 4, contains a radial magnetic field
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position the tube 2, and 5 the |ens 1 contained in the tube 2. Alternative
t opol ogi es cufrent v eversnd. st dpreeoPnathil Gailp i sq  re¥arseot bhe alovse used
in place of .the voice coil notor described above. Another lens 14, neant to
be stati onakegcribhed abicexad motirds thupused delmoverandipositidnothe tabetd)eardens
nmount 15. The bore of the lens nmount 15, is {10 accurately sized such that
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touching it. In other words there exists a very snal ann ?ar gap 16, of
the order of 10- m cr ers we ndrical .surface of
the movi ng o b SieBE fga Fie” SN R 4 L hHos. 8 iﬂe bick"8F BGHR ¢ e
stationary | ens nount 15 Fl rstly, this ensures that the 15 stationary |ens
14, is adedl¢gcepgd @go¥Rial with the nmoving lens 1, thus facilitating proper
opt| cal function. Secondly, this sinple arrangerrent al so introduces desired
danpi ng in the sysither Eensf 64 meant \thee statioman), rig affiked irsideravpedisahar ds t he
statlonary |l ens 14, the air trapped in between the two
L machined bore of the lens mount 15. The bore of the lens mount 15, is
10 accurately sized such that when assembled properly, the moving tube 2,
enters inside it without touching it. In other words, there exists a very small
annular gap 16, of the order of 10-20 micrometers, between the outer
cylindrical surface of the moving tube 2, and the inner cylindrical surface of
the bore in the stationary lens mount 15. Firstly, this ensures that the
15 stationary lens 14, is adequately co-axial with the moving lens 1, thus
facilitating proper optical function. Secondly, this simple arrangement also
introduces desired damping in the system as follows. When the moving tube
2, moves towards the stationary lens 14, the air trapped in between the two
lenses 1 and 14, is compressed. The rise in air pressure above ambient,
20 drives out the air through the narrow annular gap between the moving tube 2,
and the stationary lens mount 15. The friction generatéd during the passage
of air leads to damping. When the moving tube 2, moves away from the
stationary lens 14, the air trapped in between the two lenses 1 and 14, is

expanded leading to reduced pressure. This forces air from the ambient into

25 the space between the lenses 1 and 14, leading to friction damping as



|l enses 1 and 14, is conpressed. The rise in air pressure above anbient, 20
~drives out the air through the narrow annul ar gap between the noving tube 2,
" and the stationary |ens nount 15. The friction generated during the passage
. of air leads to danping. Wen the noving tube 2, noves away fromthe
stationary lens 14, the air trapped in between the two lenses 1 and 14, is
expanded | eadi ng to reduced pressure. %his forces air fromthe anbient into

25 the Sp@‘k@aﬂ%d"%%@véh?hbg"@rﬁﬁ notfi ol 4he IriadthgAube featSttoofloWadaiRg as 8
expl ai ned above. Thus any noti'on of the noving tube leads to flow of air
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ing in proportion to the veloCity t
hel ps in speeding up the attenuation of the vibration at the end of each
stroke, 5lgeadingitedigtion dampingip Ropertigndtosthecglagitypl hedubel Thisehelpson. 1t
will thus be seen that, at least in its preferred forns, the present
i nvent i oniprspeedéesy apnthehattesuatian ofthengbeatioopat td enanpbrech stuske,as a
| ens using flexure bearings, for use in a wire bonding nachine in particul ar

and al g0 iredgéiﬁgrthér%emm@aniéhwgségnn Uiﬁovr@r‘éh?ge?éﬂdrﬁ intended to achieve

io straight I notion of a lens ative to another co-axial |lens thus
yielding a negps. re the fpcus of the optical assenbly,can be altered
" thout © manualt WL hvers SN 1REt viens! Tane BeteHES nobRam A Ssertt uat od
by a voice coil notor in such a vva%/ that the effective actuating force is
nom nal | y ineentipn providashatrnechanismgior eneving ensaptical cosrpanant suchras pr esent
invention is to provide a sinple nethod of danpi ng down undesirable

vi brationgend usliy Mestenbeaniids, tfoe ueadinod wite bonding machine in particular

- and also in other machines in general. The mechanism is intended to achieve

10 straight line motion of a lens relative to another co-axial lens thus yielding a
means whereby the focus of the optical assembly can be altered without
manual intervention. The moving part of the mechanism is actuated by a
voice coil motor in such a way, that the effective actuating force is nominally
co-axial with the moving lens.

15 Another object of the present invention is to provide a simple method
of damping down undesirable vibrations of the mechanism at the end of its
stroke thus facilitating faster operation. The principle features of the present

invention may be employed in various embodiments not covered herein,

without departing from the scope of the invention.



stroke thus facilitating faster operation. The principle features of the

- present invention may be enployed in various enbodi nents not covered

" herein, wthout departing fromthe scope of the invention. 9 CLAIM 1.

_ Apparatus for noving an optical elenment in an opto-nmechanical system
conprising at |east one circularly syngptric fl exure surrounding said
optical elenent, and neans for noving said optical s elenent along an axis
per pendi ci@iagM® and extending through the centre of said at |east one
flexure. Z. Apparatus as clainmed in claim1 conprising a stack of circularly
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as clainmed in claim 3 wherejn said spacer nmenbers include 15 rim spacers
for spacing apast®Mm FEMArSHY oﬁtséﬁf%ﬁtf | @D&r SECUlaRy commalric spaxees for
spacing apart central portions of said spacers. 5. Apparatus as clained in
cl ai m 2 wher ei rsireguhding isaéd optieakalement, andnihednddomersvitgusakhioptisslacks of
fl exures and wherein said axis of 20 novenent of said optical elenent

ext ends per pendigplcat énengggnmmmggehaﬁu%%f 8nd" oRRABIrBAHoBhACHe ©

Apparatus as clained in c In sald nmeans or ng S opti cal

el enent conprises .a v .
P centre o Sal a(i?east one ﬁexure.

2. Apparatus as claimed in claim 1 comprising a stack of circularly
symmetric flexures.
10
3. Apparatus as claimed in claim 2 wherein the flexures in each said

stack are separated by spacer members.

4. Apparatus as claimed in claim 3 wherein said spacer members include
15 rim spacers for spacing apart rim portions of said flexures, and central

o~ spacers for spacing apart central portions of said spacers.

5. Apparatus as claimed in claim 2 wherein said optical element is
mounted between two said stacks of flexures and wherein said axis of
20 movement of said optical element extends perpendicular to and

through the centre of each said stack.

6. Apparatus as claimed in claim 1 wherein said means for moving said
optical element comprises a voice coil motor.

25



25 10 7. Apparatus as clained in claim1l conprising neans for sensing the
position of said optical elenent and neans for providing a feedback control

".to said noving neans. 5 8. Apparatus as clained in claim?7 wherein said

sensing neans is selected fromthe group consisting of a |inear variable
differential transducer, an optical ;gensor, a capacitive sensor and an
i nductive sensor. 10 9. Apparatus as clainmed in claim1l wherein said

optical =l enmf»pa@t@s lzgnslaimeaphedaira Tweenpriding imeahs for fsensitgl ties. to.
Apparatus as clained in claiml| wherein said optical elenent is supported

wWthin a mggﬁé@m&?'ﬂ? @’Hbtéél @lérﬂ@ﬂaéﬁd ngﬁé 8Py ldﬂ'@ dé{"'fé@ §§’dkd opti cal

el ement , el n an en sald t ecelv bore

fornmed as part_ of I& flxq(:d cor&onent sai d bore haV| ng an inter naI d| anet er
slightly great@rRIAGFAKEONNEMRANSYi aneter of said tubul ar nenber to

define a narrow annul ar passage therebetween, whereby novenent of the
optical elenent nmay be 20 danped by the novenent of air into and out of said

bore through said annul ar passage.
s 8. Apparatus as claimed in claim 7 wherein said sensing means is
selected from the group consisting of a linear variable differential

transducer, an optical sensor, a capacitive sensor and an inductive

sensor.

10 9. Apparatus as claimed in claim 1 wherein said optical element is a lens

adapted to move relative to a fixed lens.

10. Apparatus as claimed in claim 1 wherein said optical element is
supported within a tubular member and said tubular member moves

15 with said optical element, wherein an end of said tubular member is
S~ received within a bore formed as part of a fixed component, said bore
having an internal diameter slightly greater than the external diameter

of said tubular member to define a narrow annular passage
therebetween, whereby movement of the optical element may be

20 damped by the movement of air into and out of said bore through said

annular passage.





