i LI'NEAR MOTOR DRI VEN MECHANI SM USI NG FLEXURE BEARI NGS FOR OPTO- MECHANI CAL
+DEVICES FIELD OF THE INVENTION 5 This invention relates to an apparatus for
novi ng an el enent in an opto-mnmechanical 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 machi ne. 10 BACKGROUND OF THE
| NVENTI ON W r e bondi ) RA | n the
sem conduct or nmanuf a%ﬁ%%ﬁgﬁgﬁmw} usﬁ%bgﬁ’b;’%gﬂdhse a conputerised
vision system for_exanpl e for rmnlto rin Dr ocesses and for pr eci se and
accurate |ocatioblLb? SRiNGn [ &V !
sem conduct or devi ces. Such Vi si on systems I ncl ude an opto rrechanl cal
system for, in particular, noving optical elenents such as a |lens for the
pur pose of focussing oper ations PRI OR ART 20 Flexures are routinely used in
opt o- nechani cal systens for el ements such as a
mrror or a lens in focussing aLgP@tF?EIEIEW E('Q?@‘Qpat Nos. 4927235,
5208703, 5594820, 6064505). Flexures are espeC|aIIy suited for these
purposes due t ol hifeiMeEEiPNiRlates Her aftanrasatisafan moyingant alementoni @
trajectory devoid of friction and wear. In many applications

opto-mechanical system, and in particular for example to an apparatus for

|.

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). Fiexures 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 paraliel flexures similar to the



25—sucth—as, for exanple, disc drives, a pair of flat parallel flexures
simlar to the 2 ones shown in FIG 1, are used. They closely mmc the

* classic four bar |I|inkage. 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 en For a small displacenent Ax, this
approximates linear notion with a 5 tolerably small parasitic notion Az,

per pendi GHEY shBuwhfh HIECE! bl fled! NPl Qdbelf™Hhindl: HRUbIAUIN gl baal | v no
lens tilt.

Wever, I n some applicatiors, such as In a conputerized vision
systemof a wire bondi machi ne, both the orientatipn and th osition of
The. Copt 1lEkadEx T BUS WhiTG Ui FRg b RCe Al B el BoNEs Alhe R aig.ahE Ao gt
tol erances, 10 over the entire range of lens notion. In such cases, parallel

fl exur es complingobetdesbohe fiaxaresensurasatbiab thareds wirtsallyi nd ratatiomlahthesy mret ry
do. not suffer fromparasitic lateral notion but instead, give rise to a

smal | angbalend. Htd %aﬂ@sﬁlaé@ﬁeﬁphkpthi@éFérox‘ﬁ%@tbsf lifadirRstibwinbeen used

in long |1 conpressors and cryogeni c coolers as disclosed in US patent
nos. 53514

fe

0 5 5492313,..5522214, 5647217, 20133, 6050556, and 6129527.
Some 3 pi EAFrACHES TP AR SHEBRAOH hzrPaPenticHiRel GRrORoT BRETBFS 11 at
discs, fractions of a mllineter thick. Each disc has a specified nunber of
sl ot s (usoaition, but witbtvirtaalyags lenstilbe) , of either spiral or straight or arc
shape or a conbination thereof. They are machined using either wre

el ectro- di schaiggyéRshiini 86mer adpliddtRIng; | dudmogsamy YordteRESE visSiBAt abl e
nmet hod, yielding a nunber of flexing
system of a wire bonding machine, both the orientation and the position of the
optical axis of the moving lens have to be maintained within tight tolerances,
10 over .the entire range of lens motion. In such cases, parailel 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 fiexures.

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



"arnms" which bear the |load of the noving nenber. Very high ratios of radial
stiffness to axial stiffness can be realized using such flexures. Actuation
of the mechanismusing flexures of circular symmetry is nornmally effected
by a brush-less |inear notor using pernmanent magnets. The 25 |inear notor
coul d be either of single phase (commohly called voice coil 3 mptor) or of

mul ti phase _design, 1 n.. of e several..possi bl e topal.ogies but ., nost

usual |y WP?%@PFE’BP?“W‘%%E 9&%1 g "hety qstgeo‘?evteﬁ%l %Q/%??‘S%PB"‘ES?&?“ | eadi ng
to a very conpact design, the cylindrical voice coil notor keeps the

act uat i ngnbst aisually tedindgical. i YAdle wmaking hestixuse #f the availrblee spises. A
position 5 sensor provides position feedback enabling the notor to be

oper at ed [eRdingl RSadvdroaprapastodesige, frer cylirrdricar esiceecaibnioter kewey thdie axi al
position of the optical conponent nmounted on the noving nmenber. A problem

associ at eg bl bR Ry BRF ARSI itd e GERIIEF B AelleSalcks. RYEMifh

e end troke. senceé o i ci

danping in the system these vibrations ntinue faor an undesirably | ong
peri ods of SEN§RT BENAS (RSO TeerbAR| GRapUBa HBE matey dp bR cQaRraiek Mo t he

specified objective of the notion stage, such as in the present case, noving

a |ens telokedusopservmgeode formtery esecisd omtrobosediiteahkigl pobsitisn ddvhet he
entire process. In order to substantially speed up the attenuation of

fﬂgeiiygfgl" t‘%&@oﬁ@%@ﬁﬂﬁﬂﬁ%@%ﬁwﬁwﬁ%&?eds to be introduced into

A problem associated with flexure bearings is the occurrence of self-

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



According to the present invention there is provided apparatus for noving
an optical elenent in an opto-nechanical system conprising at |east 20 one
“circularly symetric flexure surrounding said optical elenment, and nmeans for
novi ng sai d optical elenent along an axis perpendicular to and extendi ng
- through the centre of said at |east one flexure . Preferably there may be a
stack of circularly symmetric flexures, and preferably the flexures in each

sai d st ackriseyomiens epfasaidefieites Panar certhal NEHRrS foSUBACIBBAGSAM NBINBRI S May

i nclude rimspacers for spacing apart 4 rimportions of said flexures, and
central spacers._far | apart central portions of said spacers. In a
parti cul arﬁéﬁlﬁ)ﬁgfogrs?zogg‘%%%ai ment of the invention the optical elenent is
nount ed between two stacks of flexures and the axis of novenent 5 of the
optical el enent '@ AATHCHBHY RIEFHTR re“f‘Bo‘é}ﬁEPrtthQ%;G% ipMantiemithe epticabach
stack. The neans for noving the optical elenent may conprise a voice coil
mot or. Meagkema@yt ibenqurtetddedwien teerstacis ohitenses tandrthefaxisbll mapienaait
elenment o0 and for providing a feedback control to said noving neans. The

ESP?LQ?S BRRRe BIMicSP B At %x{édb%apegfédd?ahér% 4Rl %Hggrﬁ{eg\ggga}q&;df an

sensor, ‘a capaclitive senso an 1 nductive se

preferred feahure of the invention is that the optical el enent
each stack.

The means for moving the optical element may comprise. a voice coil
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:-



may be supported within a tubular nenber that noves with the optical 15
~elenment, such.that an end of the tubular nmenber is received within a bore
formed as part of a fixed conponent, the bore having an internal dianeter
slightly greater than the external dianmeter of the tubular nmenber to define
~a narrow annul ar passage therebetween,s whereby novenent of the optical

el ement may be danped by the novenent of air into and out of the bore 20

through the andtufa M%g@" exarppe ppisERppTarbNeatingHo IRAAMES Stsight

enbodi nents of the invention will now be described by way of exanple and

wi th reference paratléldieaccespaag fogtitiree) approximatehi wietilidearfh@idn,shows an
exanpl e of prior art relating to a pair of straight parallel flexures used

for tilt free, P@@éh({?\%%éé@ééighéBﬁﬁéxdFBE'vﬂfhc:thﬂ%rs?yrﬁ ,three designs
of flexures with circular symetr shows a preferred’ enbodi nent of
the present inv

4a ., an WO Vi e fl exure stack
and F1 Go. 4 anilC.45SLRBR % BEIREER BEIRPLIEAR PG R RIES RN BBy ) spacer 1o
be used with the flexure shown in FIG 4c, and FIGs. 5a and 5b show two
views of anot heFl®$.edaeadsthhosntver@ws otia fiaxaire stadtoand ddPectidvaridy a rim
spacer and a central spacer to be used io with the flexure shown in FIG

Sc. DETAILED DE3ERHZW fd¥pektiPelzEntdp S0P ahd-bE/ftral spacer to be used with

the flexure shown in FIG. 4¢, and
FIGs. 5a and 5b show two views of another flexure stack and FIGs. 5d

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



A preferred enbodi mrent of the present invention will be described with
-reference to FIG 3. 15 The noving optical conponent (henceforth referred to
as "lens") 1, is suitably affixed inside the bore of a precisely machined
tubul ar nenber 2 (henceforth called "tube"). The tube 2, is suspended from
the main support 4, using stacks 3, ofe flat circular flexures 3a. Normally,

two stacks 3, of flexures separated by a suitable distance are used. An
LVDT (Li ndexusgptakld 2@ ﬁww@n |Gs. 58 anddRlband its coprtiuent Rgrisfara

stationary coil assenbly 7a, and a noving ferromagnetic core 7b, is used as
a positi osheensior FIGE 5@ HEdeand Ses &ach stmdk 3scansistpaf ioniever, monelflekiires or
optical sensor may be suitably used in place of the LVDT. Two views of a

A 'rgxg[]gm;t%‘?#rsﬁérgeéwm‘sb&é:r‘s@6‘@acﬁﬁﬂn‘%?facéf‘ﬁ ! shap BN Nt part s

4e. 'TWO VI ews anoi flexure stack 3,

are shown in, F a onstit shown in FlGs.
5¢, 5d and)%o%%&ﬂe)gqrgr}ga e@Bﬁ&]é 'Pn@ﬁ’é lgﬁ ge 5 S'QE arg4ised
|nterspersed Wi th spacers 5 6. Each rimspacer_ 5, is shaped to cover that
part ofs t he fmoertithe stackssdhron the piais hausngardy Each ¢eral spacess, habiach ar e
used 5 to nmount the stacks 3, on the main housing, 4. Each central spacer 6,

R pore, S0 YSRGS ARrEICES Wbrapelto oAt
g?;t lngtn S cgbfe tgéhﬁ”‘:&r‘é"@ h \flﬁlcheqnojelse)ﬁu?r%;ee? ’no?f ﬂéx. Tkogéu grt%' Scaﬁf" , that
(henceforth cailed “flex-arms”), of the flexure disc 3a, that are not covered by
any of the spacers 5, 6, can flex to yield the desired axial motion. The mutuat
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 stifiness 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¢, 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



any of the spacers 5, 6, can flex to yield the desired axial notion. The
. mutual 1o coupling of the flex- arnms 3b, wthin a flexure 3a, and al so
within different flexures 3a, in the stacks 3, inparts a very high radi al
stiffness to the entire assenbly, while keeping the axial stiffness
relatively low Referring back to FIG 73, the flexure stacks are spaced
apart by the <coil nmount 8, of the voice coil 9, in the_noving section and
by the maithe ol & anpsppriately Rositianed A thenmagnetic girgeP TRcsneraged e 7b, of
the LVDT 7, is then nounted on the noving tube 1, via core nmount 7c, and the
whol e novangieatheaisserdrityan axid! dogweds tinditedusn itg When tHedirgtieor vDiecor e 7D,
Is ensured to be nomnally co-axial with the LVDT coil assenbly 7a. An

axi al |y magnebhzedl RoEFRREMha™eRR! ohlthd Nedih® P ereQbrsdd i The ! §boved 9l ued
into the marn housing 4. The permanent magnet 11, is made of a hi ener gy

g
density material such as.neodym rr ron. A rin h d ,pol e piece
12, of nagﬁ@??@?ﬁqsyo'ﬁgr%ia'ﬁpg&i ‘Fgﬁbéﬁﬁ‘cﬁ@qglr@g‘&f AL p&?'ttcﬂlﬁv?g‘gﬁ&% an|€ﬁe mai n
housing 4, which is also made from magnetically perneable iron _alloy, acts
as the 6ut éhe jriisel, comtaingd dn dhe tube 2afAtegaive 20palegigs i a yrice saBMABT pol e
pi ece 12, and the main housing 4, contains a radial magnetic field. Wen 7

the coil 9,oraé)@ﬁlﬂﬂ?ih@éeellineapsrhdtbomwy be Gded impeid of ahe vaite €8Il métor
energi zed by an electrical current, an axial force is induced on it. Wen

t he di rect%c%éscg%e&ggovg_urrent is reversed, the force on the coil is also

rever sed. ove descri bed voice coil notor is thus used to nove and
position the tube 2, a

Another Péjns 14, meant to be stationary, is affixed inside a precisely

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 ienses 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



5 the lens 1, contained in the tube 2. Alternative topol ogies of a voice
~coil motor or a multiphase linear notor may be used in place of the voice
coil notor described above. Another lens 14, neant to be stationary, is
affixed inside a precisely nmachined bore of the I ens nount 15. The bore of
the lens nmount 15, is to accurately sized such that when assenbl ed
properly, the noving tube 2, enters in8ide it without touching it. In other
words, there exists a very smal | annul ar gap 16, of the order of 10-20
ni cr omet ee)sp‘atf@cd/\ééﬁ\’@hghéﬁt%‘ry mgaftiamaf thamevirgaubedeagndontow ef eive 2,
and the inner cylindrical surface of the bore in the stationary |ens mount
15. Fir st kithet nts amawapdrarhdhetspaceSestlaséd tmtywebrrthe 1énsés 1ladeduid, el y
co-axial with the noving lens 1, thus facilitating proper optical function.

§§ggg§n' g;@é&iiﬁ% Wﬁmaam q&roab&gm !d‘tthreOQéIEEﬁ% gefHe R edanp H?IPO” the

en th |ng tu , hoves ‘towards the st nary
| ens 14, the alr t rapped bet ween t . d,14, is conpressed.
The rise i SPee Hﬁbé@uﬁ'@ éBSU%atéﬁ’\%l nt‘F' g%‘}ﬂ ﬁ@% dr:sz%atChtﬁV%‘E@h t he
narrow annul ar gap between the noving tube 2, and the stationary |ens nount

15. Thes f reduciog themsetting dinkuandgpeadingaisayeraligipesation.eads t o danpi ng. Wen
the noving tube 2, noves away fromthe stationary lens 14, the air trapped

in between the lini'tﬁ{E% Iseeﬁdthéfl al feasBiRAf preferad B0 the qHesant
pressure. This forces air fromthe anbient into 25 the space between the

lenses 1 aggen llldn p?&%é‘@ ecﬁér(;’lts'mopordl%% gaﬁa p%cal component such as a

lens using flexure bearings, for use in a wire 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.



expl ai ned above. Thus any notion of the noving tube leads to flow of air
either into or away fromthe space encl osed between the | enses | and 14,

| eading to friction danping in proporticon to the velocity of the tube. This
hel ps in speeding up the attenuation of the vibration at the end of each
stroke, 5 reducing the settling tine and speeding up overall operation. It
wll thus be seen that, at least inits pPeferred fornms, the present

i nvention provides a nmechanismfor noving an optical conmponent such as a

| ens using fl exuhat ibetimedss: for use in a wire bonding machine in particul ar
and al so in other machines in general. The nechanismis intended to achieve
io straight line notion of a lens relative to another co-axial |ens thus
yielding a neans whereby the focus of the optical assenbly can be altered
wi t hout rmanualy int A0V, e; hgﬂb juat ed
by a voice COI1[ ?‘x’gréntbgﬁg SVIHQ éﬁ]ﬁjﬁm@%% %fm%r“ nlrrég %ﬂ?lk;ﬁ%rﬁ %r ceis
nomnally co-axial wt 15 Anot.h obj, ect the p esent
invention is t&Y§iFVi H‘é\mgr'g'inlgplaehﬁg‘t"ﬁo& acks CBHHWnSO d”tﬁ)\#\ lf@i

vi brations of the mechanismat the end of its stroke thus faC|,I|tat| ng
faster operati hergindhe flexdigpstack inpludassatdeastengeicaidany symneitic exurey be
enpl oyed i n various enbodi nents not covered herein, wthout departing from
t he scope of t hien spaesrsi@nopPositéhpianas satfacex df e fléxurapiparcavesng arrimovi ng
an optical element in an opto-nechani cal

portion of the flexure and central spacers on opposite planar surfaces of
the flexure for covering a central portion of the flexure, and means for

moving said optical element along an axis perpendicular to and extending

10 through the center of said at least one flexure.

2. Apparatus as claimed in claim 1 including a plurality of circularly

symmetric flexures in the flexure stack.

15 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 rim spacers for spacing apart rim portions of said flexures, and

20 central spacers for spacing apart central portions of said flexures.



system conprising a flexure stack coupled to said optical element, 5
wherein the flexure stack includes at |east one circularly symetric

fl exure, rimspacers on opposite planar surfaces of the flexure for covering
arim portion of the flexure and central spacers on opposite planar
surfaces of the flexure for covering a central portion of the flexure, and
means for noving said optical element albhg an axis perpendicul ar to and
extending 10 through the center of said at |east one flexure. 2. Apparatus
as clained in 6l ai mApparatuadisngaaned im ahiytoneodf thier précading claimsmeiherein
flexures in the flexure stack. 15 3. Apparatus as clainmed in claim2 wherein

the flexures i BappefticatietmEntis malifted aRANEER BvESafP8RRks TFBRIRs shich
Apparatus as clained in claim3 wherein said spacer nenbers include rim

sacers for Spaclndo AN SABRGIIRBNALS SR HESKLRESmoIb s cphBk @

spacers for spacing apart cent portions of sal I'exur

Apparatus as clained in,any one of. the precedin | aj ns. wher.ei sai
obt T cal ol omenE S AR CHABET T SA: AEs SOf TRUeAmeE Bt SRicbniBal eIRtRem ha
the stacks are at opposite sides of the nmeans for noving said optical
el enent and> whéxt@ndsgraengicylapfo ﬁﬂdéﬂ@h‘ghéhe%r‘@r@p‘)?ﬁéglsa& sfaskt 5 extends
perpendi cul ar to and through the center of each said stack. 6. Apparatus as
claimed in any one of the preceding clains wherein said nmeans for noving
said optical elenment conprises a voice coil notor.

6. Apparatus as claimed in any one of the preceding claims wherein

said means for moving said optical element comprises a voice coil motor.

10 7. Apparatus as claimed in any one of the preceding claims
comprising means for sensing the position of said optical element and

means for providing a feedback control to said moving means.

8. Apparatus as claimed in claim 7 wherein said sensing means is
15 selected from the group consisting of a linear variable differential

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

9. Apparatus as claimed in any one of the preceding claims wherein
said optical element is a lens adapted to move relative to a fixed lens.

20
10.  Apparatus as claimed in any one of the preceding claims wherein

said optical element is supported within a tubular member and said



10 7. Apparatus as clainmed in any one of the preceding clains conprising
nmeans for sensing the position of said optical elenent and neans for

provi ding a feedback control to said noving neans. 8. Apparatus as clai med
in claim7 wherein said sensing neans is 15 selected fromthe group
consisting of a linear variable differential transducer, an optical sensor,
a capacitive sensor and an inductive sensotr. 9. Apparatus as clainmed in any
one of the preceding clains wherein said optical elenment is a | ens adapted
to nove rel ati vebular amémbeti maves. wilo said. optjsad eteroentawhelrainnand end afrsaidbne of
the preceding clains wherein said optical elenent is supported within a
tubul ar menber tabdiasamneénibker ksubsdeiedravithin anbore fontedsas dpaptdfcal fiedenent ,
wherein an end of said tubular nenmber is received within a bore forned as

part of a fixedoRoomeHiCsAid bRt halfigtarh R Mal a&@a&egﬁ%gﬁd@aﬁéﬁﬁaﬁm@h“y

greater than the ‘external dianeter “of said tubular to define a

ol erent may be SHEMRE GGy eHHTc Sh Solh S by gthbor R e, &, nf e iE .
t hrough said annul ar pas agg. )
passage therebetween, whereby movement of the optical element may be
damped by the movement of air into and out of said bore through said

annular passage.



