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15 can be coupled to the respective optical fiber.

Although several micro-positioning devices have been proposed for fiber optic
connector applications, a need still exists for fiber optic alignment devices that
incorporate improved micro-positioning techniques. For example, increased demands
are being made upon the precision with which objects, such as optical fibers, are

20  aligned. As such, there is a need for more precise alignment devices that provide
reliable and repeatable micro-positioning to within a few microns to several tenths of
microns. L

Another application that can benefit from micro-positioning is optical

switching. Recent developments in information networks have provided an increased
25  demand for optical communication systems capable of transmitting a great deal of
data. In one example, free-space optical interconnection is now being used to make
relatively short but fast interconnections within data processing or communications
systems. Some of the advantages of free-space interconnects include direct
interconnects between circuit boards, arbitrary interconnection patterns, multiple fan-

30  outs, channel isolation and increased bandwidth.
Optical switches typically switch, or redirect, light from for example, an

electro-optical device such as a VCSEL to one of several optical receivers. The



i nterconnects between circuit boards, arbitrary interconnection patterns,
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el ectro-optical device such as a VCSEL to one of several optical receivers.
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a mcro-positioning systemis provided that 20 selectively noves the
optical el ement independent!y i rSummbryafdhedmnyantion directions relative to a
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optical device. Independent novenent of the optical element is preferably
provi ded3Sby dipde, a Vertical Cavity Surface Emitting Laser (VCSEL), a Resonant Cavity Photo
Detector (RCPD), or other type of optical device. The optical element may be any-
type of optical element including, for example, a lens, a filter such as a diffraction
grating, or other type of optical element.
In one illustrative embodiment, a micro-positioning system is provided that
20  selectively moves the optical element independently in both the X and Y directions
relative to a base. The base is preferably fixed relative to an optical device, such as a
VCSEL, RCPD or photo diode. Thus, in one embodiment, the optical element can be
independently moved in both the X and Y directions relative to the optical device.
Independent movement of the optical element is preferably provided by a
25  carrier that is spaced above the base. The carrier is operatively coupled to the base
such that the carrier can be selectively moved in the X direction but not substantially
in the Y direction. The optical element is then preferably operatively coupled to the
carrier such that the optical element can be selectively moved in the Y direction

relative to the carrier, but not substantially in the X direction. An X driver is then

30 used to selectively move the carrier in the X direction relative to the base, and a Y
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25 carrier that is spaced above the base. The carrier is operatively
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opposite direction (e.g., down), if desired.
The optical element may be any type of optical element, such as a lens, an
optical filter such as a diffraction grating, an optical polarizer, or any other type of
20  optical element. The optical element preferably has at least two regions where the
optical characteristics are different in the at least two regions. In one example, the
optical element may be a lens. The optical characteristics of a lens typically vary
across the lens. Thus, a light beam that intersects the lens at a first location will be
refracted at a different angle than a light beam that intersects the lens at a second
25  location. In another example, the optical element may include a diffraction grating
that has a grating spacing and a grating width. The grating spacing and/or grating
width may be different in different regions of the optical element. Alternatively, or in
addition, the angle of the diffraction grating may be different in different regions of

the optical element.



optical elenment may be a Il ens. The optical characteristics of a |lens
typically vary across the lens. Thus, a |ight beamthat intersects the
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present invention and many of the attendant advantages of the present
i nvent i of wiof thebmpticelagl etngnta fherpedirizraoh asthe hight b by dreesontrelledr This can
be useful in providing Polarization Division Multiplexing (PDM).

Brief Description of the Drawings

Other objects of the present invention and many of the attendant advantages of
the present invention will be readily appreciated as the same becomes better
20 understood by reference to the following detailed description when considered in
connection with the accompanying drawings, in which like reference numerals
designate like parts throughout the figures thereof and wherein:
Figure 1 is a schematic view of a micro-positioning system in accordance with
the present invention that can accurately position an optical element relative to an
25  optical device independently in both the X and Y directions;
Figure 2 is a schematic diagram showing the concept of beam steering, which
in the embodiment shown, is accomplished by moving a lens relative to a fixed light

beam;



20 understood by reference to the follow ng detail ed description when
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Det ai | ed Des&gﬂegltdfqﬂ ok SttQEerPa{l&fl%fxﬁ@@ | gEnmbodi ments Figure 1 is a schematic
view of a mcro- p05| ioning systemin accordance with. the present
i nvention that cdfigimd8pesEehdw yn pibssttation methodpfoi Ebkricetiregre nticrogloattionsngt o an
system of the present invention; and
Figures 9A-9E show another illustrative method for fabricating a micro-
15  positioning system of the present invention.

Detailed Description of the Preferred Embodiments

Figure 1 is a schematic view of a micro-positioning system in accordance with
the present invention that can independently position an optical element relative to an
optical device in both the X and Y directions. The micro-positioning system is

20  generally shown at 10, and includes an optical element 12, a X Driver 16, and 2 Y
driver 18. The illustrative optical element 12 includes a refractive lens 14. The lens
14 is positioned generally above the optical device 20. The optical device 20 may be
an optical source such as a VCSEL, laser diode or the like, or an optical receiver such
as an RCPD, photo diode, optical fiber, or the like. The micro-positioning device 10

25  can be made in arrays of micro-positioners coupled to arrays of optical devices 20, if
desired. In an event, a light beam preferably extends through the lens 14.

The X Drive 16 selectively moves the optical element 14 in the X direction
relative to the optical device 20. The Y Drive 18 selectively moves the optical

element 14 in the Y direction relative to the optical device 20. Preferably, the X Drive



optical device in both the X and Y directions. The m cro-positioning system
is 20 generally shown at 10, and includes an optical elenment 12, a X Driver
16, and avQozsirsbwer 18. The illustrative optical el ement ReTUReluERS a
refractive lens 14. The lens 14 is positioned generally above the optical
device 20. The optical device 20 may be an optical source such as a VCSEL,
| aser diode or the like, or an optical receiver such as an RCPD, photo
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optical destination 28. When a light beam 30 intersects a point to the right of the
center of the lens 14, as shown at 32, the light beam 30 is refracted to the left and
travels to a left optical destination 34. Finally, when a light beam 36 intersects a point

20  to the left of the center of the lens 14, as shown at 38, the light beam 36 is refracted to
the right and travels to a right optical destination 40. This is sometimes referred to as
beam steering. Beam steering can be useful in a number of applications, including
optical alignment, optical switching including Space Division Multiplexing (SDM),
and other applications.

25 In another example, the optical element 14 may include a diffraction grating
that has a grating spacing and a grating width. The grating spacing and/or grating
width may be different in different regions of the optical element 14. Figure 3 is a
schematic diagram of an optical element 41 that includes a diffraction grating with
regions 42a and 42b having different grating spacings and/or different grating widths.

30  In the illustrative embodiment, region 42a has a grating spacing of 0.25 microns and a
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optical destination 28. When a |light beam 30 intersects a point to the
right of the center of the lens 14, as shown at 32, the |ight beam 30 is
refractedvoo2stsew | eft and travels to a left optical destPapuUsSarB1834.
Finally, when a |light beam 36 intersects a point 20 to the left of the
center of the lens 14, as shown at 38, the light beam 36 is refracted to
the right and travels to a right optical destination 40. This is sonetines
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grating S4c of region 52c is offset about ten (30) degrees relative to the horizontal

extending axis. It is contemplated that any number of regions may be provided, each

20 having a grating that offsets at a different angle. By varying the angle of the

diffraction grating in different regions of the optical element 50, the polarization of

the light that is transmitted through the optical element 50 may be controlled. This’

can be useful in providing, for example, Polarization Division Multiplexing (PDM).

Figure 5 is a schematic diagram of a preferred micro-positioning system 100

25  that provides independent control of an optical device 102 in both the X and Y

direction. Independent movement of the optical element is achieved by providing a

carrier or frame 104 that is spaced above a base 106 (see Figure 6). The carrier 104 is

operatively coupled to the base 106 such that the carrier 104 can be selectively moved

in the X direction but not substantially in the Y direction. This is preferably
30  accomplished by coupling the carrier 104 to the base 106 with, for example, four (4)
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optical elenment 50 that includes a diffraction grating with regions having
different 15 grating angles. In region 52a, the diffraction grating 54a
ext ends peoar/bekd (zero degrees) to a horizontal extendi nBCEYR&L/3183e
diffraction grating 54b of region 52b is offset about ten (10) degrees
relative to the horizontal extending axis. The diffraction grating 54c of
region 52c is offset about ten (30) degrees relative to the hori zontal

ext endi ng axbpled|tteains o serpenipleatpeidgs Ha0a-Ah9d.niiseendfe.g.e dil dnd 1 2diyofpeach

rovi ded, each 20 havi.n j ng that offgets at different angle. B
\F;ar ying the SﬁFPﬁPBn%fSP‘i“Pé ﬁlgﬁ ?édabsg?rbc oot ﬁ“ﬁ f;’Sf’t‘?ed]iogf g'p(irl‘l © Pg’ﬁf c?ﬁ‘g (§1g"t Ke
optical el engah-1394) thendheladr foziki ARi@f 104 hehki @RientiR@tsphified 1 BRSO &€

t hrough the optical element 50 may be controlled. This' can be useful in
provi di ng, froefeesblinpessgneBaiueh theh theyrsubstentsalbynprivient inpdvexientof PRIt i§dr e 5

or ovi des 5 naRbBhHE A PP R AR PR BL Wb A Py V™

direction. IdgdensndentusiaNe tBier a4t ReofIpt dikAVedetee Ve laferdBhiaigdthbyX
providing a carrier or frame 104 that is spaced above a base 106 (see

Figure 6). Thecdakrier 104 is operatively coupled to the base 106 such

that the carrier sel.ecti i j i.an t .not
substantially in '{lk%éelle@%gjle?@gtoﬁé% é%&quélgg %lrﬁg Sealr @E’f@&ég Cg}é% gﬁ%;:elﬂéﬁe Zgy
coupl i ng t heogdy fih@h 1104hktextdnd tbamdet 06 ikuvlike, tHeofigte xale26 of tieurarie)104- 7 WO
02/ 31569 PCT/ USQ1/31834 fol ded, beam or serpentine springs 110a-11Qd. One
end (e.d0, ingadesipaymbgr fgemb fHgesepitchRs COBI %eﬂéitﬁﬁtqn@ t9ihhBERd t o

the base 10Gac@Nd hi'Coth MikeSds aha 92y ard 581 dlilkalrtr go&%&%ﬁ;&%gﬁ cuch

carrier 104. e serpentiné springs are prefer
t hat they subgigeilyifatrhsd piteventarmmviédent of the carrier 104 5 out of the

pl ane of the structure and suybstanti al event. novenent in i n-plane Y
direction. Thus, EHending Oé?%fdgﬁiasmbrﬁi’é ‘Q{qoﬁkéng?ﬁs’ﬁb’ﬁ aF P gfqgg;r éﬂ()ng
the X di recéx't&fa-to-m@riégt‘; d%?@ﬁltéjcﬁ%i%e& RenGaé [éfﬁéorﬂ@ﬁn%&?:ll‘l'gj%¥ tife dawdper of

conb fingers, such as I nger 3, that extend to The left. Likew se,
the rights sildd. 1Rikeviset hetending ifiom 1G4Aright) aimoihed @d cambufvingers, slick esrigomb

fingers, Sucé]ng%? 1%),net))(tefnidqg (a{e 1% %hd %rheai%te?-)éggei&gec{[ \gitltl }t}% rrlél‘g rc]:%r'nb fingers 122 of
the carrier 104. Preferably, the comb fingers 124 and 126 are fixed to the base 106.

To move the carrier 104 to the left, an X driver provides a voltage difference

between the static comb fingers 124 and the left comb fingers 118. Since comb

20  fingers 118 are attached to the carrier 104, the electrostatic actuation causes the carrier

118 to move to a new leftward position relative to the base. Likewise, to move the

carrier 104 to the right, the X driver provides a voltage difference between the static

comb fingers 126 and the right comb ﬁngers‘ 122. Since comb fingers 122 are

attached to the carrier 104, the electrostatic actuation causes the carrier 118 to move to

25  a new rightward position relative to the base. To a first order, the position of the

carrier 104 is proportional to the force, which is proportional to the square of the

applied voltage.
An optical element, such as lens 102, is preferably operatively coupled to the
carrier 104 such that the optical element 102 can be selectively moved in the Y

30  direction relative to the carrier 104, but not substantially in the X direction. This is
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Each of the conb fingers 118 and 122 are fixed to the carrier 104, and
preferably are integrally formed with the carrier 104. Extending fromthe
left, a muobzs1sed conb fingers, such as conb finger 124, PexrwUsnd183 t he
right and are inter-digitated with the |left conb fingers 118 of the carrier
15 104. Likew se, extending fromthe right, a nunber of conb fingers, such
as conb finger 126, extend to the JefFl and are inter-digitated wi.th.the

ri ght conb Prefgery aqeomplihed Ry ceuplingdhe ppca Iﬁfeé‘?eéllt g@”ﬂ TS Y4 4SHiger s
124 and 126;ar i.xe 0/ 4 T th icer, 1 t left,
an X dri verf"greg‘\a}{“hi&q%&rv{ﬁ)g gﬂ%ﬁgﬁ %@?ﬂ ﬁc%dzgtgﬁ)&ée?ngﬁgas@gf’i%&gol(r?gh ??\gers
124 and t heedchfderpeatihe tprigei304L180d Bi archordnto th2 Gafriendd®ds add &heavthenendched
to the carrier 104, the. electrostatic actuation @gses t he rrier 118 to

move to a névdd b4kt poanqiod toding ophical dempy Hlsas shewRnyillig seims it e t he
carrier 104 hesdal , afel LV 8Lsi Vi Y hiid1 &@ent

bet ween Sthesésr' }lg%l ?dacga@%i %ufe ngfaer&%rqﬁl%géasﬁ%{%ahggﬁgtﬁ? fg{g?magf%isﬁgér g}r %‘2. nSi nce
comb fi ngermot&Remnr ef that dptidak atldneent Nd2c antr p£1thel Planet dfethel Bochus taatdj also

actuation causes .the carrier 118 to, nove to .a . hew.ri war d position
el a1 ve t oS REMBHEEP T AT By B -laRe D e g oHo HEoP e ERErS0a | s
proportionajod R dn alt&\';éaecolrﬂ@ﬂeqpodgsthg@&%&ﬂoﬁﬁ@lhti@@toﬁﬁ@_cz%ﬁHlaI(ﬁl.Of the

applied voltage. An optical elenment, such as lens 102, is preferably
operatively couplrethe dlustrativec ambpdimeh@4thsuepticahstemdné ingudesar tep shppert 102

b | ect.i d i he Y 30 di ti l.at i t '
S o nobedE e TR R 8 PR R o TS0 i 6
PCT/ US01/ 318s4bm RS BRIYe 8T aRPkkEh@IbEWeR R bitebrh RerpeftineCspringt azent 102
to the carrier 104 using, for exanple, four (4) serpentine spri rﬂlg’(s?éﬂiwd

130a- 130d. @nk130d The dop supRs- irBizg)136f of Gacivtisel plementhiackides agu

is anchored to the carrier 10 nd h e . O 5 az S
anchor ed toC?rHl% B‘SFESC 3‘1‘Che?se?‘9éﬂ fa]fgﬁr H{E tgéltog\)m&.endllﬁgwé@f g%lrlﬁe?v%é’ gfle g%éj[?or%s
130a- 130d agigpeftehraigdbl40 e dicdnRidas slemehhat2 tildydsubatuabtl of tymprimpers
novenent of the optical elenment 102 out of the_plane of the strucgg_re and

al so  subst st a8l doyptpfiegesritZnihpe peierd dawnpard. nEpghapbthy combefingesh 13930, t he
optical el CPBMare fixed to the corresponding support bridge, and are preferably integrally

formed therewith.
A number of comb fingers, such as comb finger 150, extend down from the
top 152 of the carrier 104 and are inter-digitated with the comb fingers 138 that
20  extend upward from the top support member 136 of the optical element. Likewise, a
number of comb fingers, such as comb finger 160, extend up from the bottom 162 of
the carrier 104 and are inter-digitated with the comb fingers 142 that extend
downward from the bottom support member 140 of the optical element.
To move the optical element 102 in an upward direction, a Y driver provides a
25  voltage difference between the comb fingers 150 that extend down from the top 152
of the carrier 104 and the comb fingers 138 that extend up from the top support
member 136 of the optical element. The electrostatic actuation causes the optical
element 102 to move to a new upward position relative to the carrier 104. Likewise,
to move the optical element 102 in an downward direction, the Y driver provides a

30  voltage difference between the comb fingers 160 that extend up from the bottom 162
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102 is only allowed to nove along the Y direction relative to the carrier
104. In the illustrative enbodi nent, the optical elenent includes a top
support WOo0bsiIsdpge 136 that extends between the top serperCT/MB01EB3I4Ngs 130a
and 130b, and a bottom support bridge 140 that extends between the bottom
serpentine springs 130c and 130d. The top support bridge 136 of the
optical elenent includes a nunber of conb fingers, such as conb finger

138, that exttbadamsndpd an¢th@@@p@eﬁn&efﬁe1@db@tcﬂ?ﬁenémwﬁromrth@@@ttomgunﬂor& he

19 Ptnlggfl 1zellzerqletéﬁ'§F 12%? é)ﬁofk V\ﬁl’ E T’:‘gc hﬂ%ef clg%‘goséaon aquaﬁloé?%a%g%gthgs (?%%142 are

fixed to thgemeht ﬁ?iZDQﬂﬁioﬂg 16 YRR Howiw sl eposiivel raraav@n@fueer eblisr it egoal |y
formed therewith. A nunber of conb fingers, such as conb finger 150, extend

down from t fiest ordgs, 118 pesitiomeofcthe ransicall damanid 182 aclahiveto dhgicaricsdlOf ih t he
nb fi 1 hat 136 of
o opt 12 Bihlighifb R fth MRMBAGLPT Dl A00FHORGEIoARIREE, 130 o

finger 160, ext ePﬂ:fét@bey[ aha tcbﬁ‘ldﬁolmpmbﬁbﬁﬁtlﬁ spiiifgs ¢a04-180d 204 1B0d-1808,
inter-digitated with the comb fin t hat extend downward fromthe

bot t om suppefteb fraeel 1§4b2?@f12f‘:h\92£6§$§clélz £y Garch 160, pad o, and pritagp RRpert
el ement 102%1‘1@%@”13‘6%@{ 94@'a¥ gl | %emﬁ%gf" 'avs%‘i lgrﬁgé@%ﬁlcﬂ i he(g ?1%% 152

di fference een t comb fingers ten dovvn
of the carrddivel B apprdptidte voh)digm tblthﬁgmuiﬂﬂarrtdn&tofehé ﬁﬂdommsiftlbnmgtslyetennp
support menpber 136 of the o el ege dO%The el ectrostatl Cc actuation

causes the bl tr@?%ﬁ’é‘rﬁre Brol’ﬁS\? Oh Hi SRR ayeﬁdelftq P i ve
to the carrjgh: Lid,r Lthé“?w ?Posﬁ&uﬁ%\éyﬁ&ﬁe 1801 §oC ?‘%O el "? étglz tiaBe@Bre

downward direction, ver es a 30 vo tage er ence between

t he comb f|eigansallgsﬁotaltmitfrmntthmshhum fayenbyt pevidbbg amhalecznc 4@eﬂ\b)t©/2b1811&69
PCT/ US01/ 31834 of the c rrier 104 and the conb fingers 142 that extend down
fromthe boll'6ohR @Rt efﬂ?%é‘fm?ﬂfo of the optical element. The

el ectrostatic actjgid PRseAHIEIBJIENAR! ine@l tra@ls@TBAdCt 10 thel Dlid¥RAVBydr @t thehew
downward position relative to the carrier 104. To a first order, the

posi ti obs of gioked tertrinals 180 ene 182.10kRis reéfeativele couneciseiocgipwidsvaious pasts of

the micro-positioning system, through the silicon layer, from the ground terminal 180,
along serpentine spring 110a, up the left side 116 of carrier 104, along serpentine
springs 130a and 130c, then down the top and bottom support bridges 136 and 140,
along serpentine springs 130b and 130d, and down the right side 120 of the carrier

20 104. The connection also continues across serpentine spring 110d to ground terminal
182. Another metal trace may electrically connect to the silicon layer at the X-NEG
terminal 184 and to comb fingers 124 through the silicon layer. Yet another metal
trace may electrically connect to the silicon layer at the X-POS terminal 186 and to
comb fingers 126 through the silicon layer. Another metal trace may connect to the

25  silicon layer at the Y-POS terminal 188, and connect with serpentine spring 110c,
down the top 152 of the carrier 104, and finally to comb fingers 150, through the
silicon layer. Finally, another metal trace may connect to the silicon layer at the Y-
NEG terminal 190, and connect with serpentine spring 110b, down the bottom 162 of
the carrier 104, and finally to comb fingers 160, through the silicon layer.
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5 proportional to the force, which is proportional to the square of the

applied voltage. Preferably, the carrier 104, serpentine springs 110a-110d
and 130aw@o0z3i1sezonb fingers 118, 122, 124, 126, 138, 142pC1/5601z1834160, and
top and bottom support bridges 136 and 140 are all patterned froma single
doped silicon layer. To help deliver an appropriate voltage to the various

el ements of the mcro-positioning system10 100, netal trace re
preferably proviFB%CPYBHIdFOBIGS‘F‘C%éSOiﬂrqOIHCg]ﬁwlea‘glet?‘et831?% E%‘ﬁﬁ@%t %ﬁgmlcro'

termnals of, & %;/r{g %E@;@gg& bhxﬂﬂépﬁf §M§t§&ﬁheﬂ1ﬁ9rstrﬁa%§98row&§.e Fﬁtﬁﬁgﬁng{eaces

are electrica Fom the si 11 con ayer roviding a ectric
| ayer bet weanisblation shémban20yey twnasetlhe aetradalllyriaclet. therbatoe 162 wdtthat i ve

enbodi ment, netaJ_ trace onnect. to the sili er. at the .15 ground
Corm nals. 160eriP4uBom e 1S Sileddbiafals cBbRh Lot s LI O aHdS0lae BUETHAr | s
of the 4m cs@y Qilé% Lo RGISNIE AP isdIe oAl Bid BB chid¥e 04 HoRMKEhS)

ground term na al ong serpentine spring 110a, up the left side 116 of
carrier 104]52bfothg caetgpditi Het arsyher ngpdatioBOacmber 2B0may thiearsed bmnlettmsaliyp and

bott om support bridges. 1 a 140,. 0 serpentine rings 130b d
130d, and d‘é%ﬁtetth% t‘%? §e ﬁg?&z_t it fdflegg@rtﬁ? é’rg?éé‘%fdiB Olfﬁge Eﬂﬁlﬁ%&{won
al so conti NEGsHRGHISNaS&! ReRbENE0SRaY BE uddd Oh14cRri EHIBUBE atcah 8V iBR sidd 320
Anot her netal trace may electrically connect to the silicon |layer at the

X- NEG t er nofhthk cagitr difd fram dbarbottomdépof thetcamiend@fh t Hds sedogoiyad [tagidhe  Yet

another netal trace may,e icall,y connect to the,sil .cQ I t he
X Pos i i ehnedrs Srites L G0 AR bk EHREE S e AR LY b

Anot her net gblatddaf6mMBYe GAMREE tpakiteulddy A5they ldream Faned wing i YartO%op
term nal 188, and connect with serggntl ne spring 110c, down the top 152 of

the carri ersiligen lagerd $uahaisoitien camwhd a¢domyeissed Boanyt Avmberhoft Weys igrudmgn

| ayer. Finall anot her tal. trace connect to the silicon |ayer at the
Y- NEG tern%or’i%{(ani}gﬁ’,usé%gg%cﬁﬂ%%?tl%tte?r}%}s{%%eﬁ'enti ne spring 110b, down the

bottom 162 of thigufas id &1 ilikOfativangossisealdndl viewcahe hiio@epitidihg $yfsteaigh
the silicon layer. -10 WO 02/ 31569 PCT/US01/31834 To praqvide el ectrical
i sol ati bn bef kiguis & ke alangdinefupt d hemmicaPoRldorEng syEemils Risierabbriognet e, a

nunber of i &841‘351‘1 %@)ﬂ@ﬂ?%ﬁfeﬂmﬁ‘ hé) Sof r\xpa\fé:rdﬁrgferﬁ%} 18¥@8Pi&n substrate or base

106, a thin oxide layer 250, topped with a top silicon layer 252. The serpentine

springs 110a-110d, carrier 104, serpentine springs 130a-130d, top and bottom support

bridges 136 and 140, and in some cases the optical element 102 are formed from the

20  top silicon layer 252. The top silicon layer 252 is preferably doped sufficiently n-type

to be conductive. Arrays of the micro-positioning system device could also be made
together in the same substrate.

In Figure 6, the optical element 102 is shown as a lens. The lens is preferably

formed from a material that delivers the desired optical characteristics at the desired

25  wavelength. Example materials include silicon, polysilicon, and silica. As can be

seen from Figure 6, comb finger 260, optical element 102 and comb finger 262 are

suspended above an open space 270. In the illustrative embodiment, comb fingers

260 and 262 are both electrically connected through the silicon layer to ground

terminals 180 and 182, as described above with respect to Figure 5.
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an isolation nenber 200 may be used to electrically isolate the bottom 162
of the carrier 104 fromthe left side 116 of the carrier 104. Likew se, an
i sol ati owoendssd 5 202 may be used to electrically isol at BCT/80l/ABI4 Si de
116 of the carrier 104 fromthe top 152 of the carrier 104. Yet another
i sol ati on nmenber 204 may be used to electrically isolate the top side 152

of the carrier 104 fromthe right side 120 of fhe rrier 104. Finglly, an
i sol ation nenberIrQi‘)Brer%e({;%mB%‘gH‘ePto th Sé‘éftFait?:alf {’S‘Fei @%I i§ifExedie S’t‘t?sbrﬁiien:&ode 120
of the carr] : - . [ 4 ISqihecqgni zed
That the. 100 B B B e e e 124
and 126 nusinybethei suitabie theanomSaharaan 30 ereferpllyt hasudrappicdl fdevive thaeim. al |

formed using th t i Iicon |ayer. Such isolati b
accompl | ShossHa 0 bR Hast ThaGe PREFLR! A et BIELANRPE "ok AU boncr

| solati on t GRS with BHIraf of Shlickd-bbtherRtd Vs Gh@iEsied 864V0 1R opticl Of

the mcro-positioning system Figure 5 taken along line 6-6

m cr o- posi t demiengap pe teyrtyips gfopfieal dbvige inoludbg a WEISH]-, RCE0) laseypépd{mcfter . The
SA waf er ferably .has a silicon substrate,.qgr, base 0 a,thin oxi,de
Cayer oo0, " IGhR dRge fY BV Tagis ush BRET a0 biaince deigs |
1Ca-1 1(d, él%éﬁteiozlo‘fhesfﬁzgﬁﬁééiﬁkﬁgi@E}isl&% ma3Oded HusclOB ok Betdpdihl

support bridges 136 and , and in some cases the optical elenent 102 are
formed fronelement2D2trofmtize ko therdighbljeam 3B2to peHferm bpargistdetiog or thedike252 i s

preferably doped_sufficient -type to be conductive.. Arr.ays of. the

m cro-positionin t [ anme
er o pbb ¢ § o nEredire dnveratibe Bt Peo pESTEgE 8t mR ik

substrate. {ytehi GEFRUBs 5 tdk@n QRIcOale B6.eIRitis Boditest) Bdloptscabele@Bst: 10Ehe

lens is preferably Torned froma nmaterial that delivers the desired

optical chaimaldes ¢ diffiesting grating.dEbe ehagacteritigheiibe dgfiraction grasing preferdblyal s

opt i cal - chavabeles ¢ Siffiss s wiekDal
conb 11 nger ' 988¢ DRG0 opE ool dine0o 20 BEORT 02f AR WeBRnc

above an opgatisPana By Fornhétl bheaddidgust gratingy enetopood nantsilicoantayér p¥Brar 260
and 262 are both electrically connected through the silicon |ayer 1o ground
term nals 18teregiiyesmay be fapned by eghing shanngs i the dopsyrfacs afjthe fap wlicony ) \wp

02/ 31569 qué,&ls%.é %ljr&sélown). Other methods for forming a diffraction grating are also
contemplated.

Figures 8A-8E show an illustrative method for fabricating a micro-positioning

system of the present invention. In the illustrative embodiment, the starting material

20 is an SOI silicon wafer, generally shown at 350. The SOI wafer 350 has a silicon
substrate or base 106, and a thin oxide layer 250 topped with a top silicon layer 252.

Isolation members 200-206 (see Figure 5) are preferably formed first. This

may be done using one of several methods. In a first method, a trench is etched

through the top silicon layer 252 at the desired locations. The walls of the trench are

25  then covered with a nitride layer, and the trench is filled with an un-doped polysilicon

material. In another method, an aluminum layer is provided over the desired

locations. A heat gradient is then applied from the top to bottom. The heat gradient

causes the aluminum to migrate into the top silicon layer 252. This forms a p-type

material in the locations of the isolation regions 200-206. When the top silicon layer

30 252 is n-type, a back-to-back diode structure is formed to provide the desired
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In a preferred enbodi nent, the substrate or base 106 is fixed to substrate
300 using anodi ¢ bondi ng, adhesive bondi ng, solder bonding, flip chip

sol der bowaomglsedr any ot her suitable nmeans. Substrate 3POT/ps@fasHbl y has
an optical device therein. Substrate 300 could have an array of optical
devices forned therein which could be 5 nmade to align with an array of the

m cr o- posi tioners.. . ndicated above, the optical device e any type
of opt Pcal @E\E}PE%I ‘isﬁ?ﬁl%i 'ng‘e ?‘\Végl"—_‘@,t Rleving %ﬁp(S(a%C?ﬁ gt%%}{f?ﬁeasolﬁﬁ czllo
device may pLRVEAEHhY tHLGflcMidall [nBddritPesmmO0dt RiiRUahidbe Rt nealbe 8 ement

102. The mi cro-positioning systemmay then be used to nove the optical
el ement 102compraniised. t o the |ight beam 302 to perform beam steering or the

like. to Figure i s,another illus hve 0SSy section | gwW _ of

ni cr o- posi ti oni ném%g}]&‘ e S gé%E?éﬁrgﬁfggﬁ%dn%nﬁ F’%gh%&%m ﬁgufehéf]%ﬂﬁe
enbodi Ment , rfeh® iRPlcbfct Ghes¥BAicuRA aboe Witlesspectlid Figued Snge gepdsiteg andrhe
characteristics of the diffraction grating preferably change in various

regi ons of p#ftergst i Hnstrasive mestal layees argshewawh3 23 Thereafierea diffreptinn gighing
grating can. be fo d b ddin gratin f sidq C Y/ 252,
or 15 alter ﬁa?’io\ygege ar?é‘yg%gen?egr ﬁ’eglebﬁ?%}e"t“cﬁ’f ﬁge éﬁtgcﬁgeﬁlésrﬁi&% i(#gé ?{)h;t)ﬂegu@é%ce of

the top silpeAMing a¥kepardelafdrOthesditit)ion Grdiiiy My BodBrrhed bf etdhingsgaced
diffraction grating are also contenplated. Figures 8A-8E show an

i || ustrati vehasaelsdetorths topailiiqoadeysigod: Rrepablyedic diffracign synssmpatieneh
. . | prreating ! Pom 19 . S
D0 Tt SOt bloffe o Bt ket iy SR/ GIRAUTE I e MCHERN G DL

silicon subsptical eleflenbase 106, and a thin oxide |ayer 250 topped with a top

silicon layer 252. lsol ation nenhers 200-206 (see Figure 5 referably
formed first. ThiOgce ihg dBEadiOReSgEns Meéﬁa 9%?%?W3réflﬁ’da‘)§?a§ﬁﬁ fﬁeft?l? st

nmet hod, a ty; | o SON o - :

osi red Locarroidyer FoF WoppeilitBnh e bAoA T
nitride | ayesrpernind sphiagd 120w h30ds tép khédottbmhsuppom rbriigped 3p cingsi40; end in
material . I n another rret.hold an ghym num | ayer is provided over the desired
| ocati ohs. PPRGSISCEYMSAPERt clemaiy, applied fromthe top to bottom The heat

gradi ent  causesNeRE afh WFIsROR b Ff%.]Lgé 8be al IO ist stenddoRosi hieGABK lodYies S@H2.
This forns a p-type nmaterial in the |ocations of the isolation regions
200- 206. \Whenafar B80ttbugh [the eubsiratgerr base layer 106. The etch preferably stops at the

oxide layer 250. Next, and as shown in Figure 8E, the oxide layer is removed to
release the structure. While the optical element shown in Figures 8A-8E includes a

20  diffraction grating, it is contemplated that the optical element may alternatively be a
lens or any other type of optical element.

Figures 9A-9E show another illustrative method for fabricating a micro-
positioning system of the present invention. Again, the illustrative starting material is
an SOI silicon wafer, generally shown at 450. The SOI wafer 450 has a silicon

25  substrate or base 106, a thin oxide layer 250 topped with a top silicon layer 252.

Isolation members 200-206 (see Figure 5) are then preferably formed, as
described above. Once the isolation regions 200-206 are formed, and as shown in
Figure 9B, the metal interconnect traces are deposited and patterned. Illustrative
metal layers are shown at 452. Thereafter, and as shown in Figure 8C, the top silicon

30 layer 252 is patterned to form the serpentine springs 110a-110d, carrier 104,
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30 252 is n-type, a back-to-back diode structure is fornmed to provide the
desired -12 WO 02/31569 PCT/US01/31834 electrical isolation. The al um num
t hermal m@poasisen approach is preferred, as it is believedruk@t318ire
mechani cal integrity of the top silicon |ayer nay not be as conprom sed.
Once the isolation regions 200-206 are fornmed, and as shown in Figure 8B,
the 5 nmetal_ interconnec r s.discu b i -k es t_to, Fgure 5
are deposi t 6Q°% trtllcrlle SBE{?%SePn%agbl%f Frlljas'?orpa r?cf;gotﬁ%n?\éﬁpﬁ'&ar{@?ﬁ egf@%s%ng%@a% 352.
Ther eaf t er, foamdihkf skl eRn@hatdia this cifeOy ipdanadnidngad belyned lafert 460 isegi on
of the optical elenment 102. Rather than providing a separate |ayer, the

di ffract i onprgviierig thaocpion ef Hedonficabelehicnl dsul dgat @r?@ﬁhédéorcfﬁl%v thee top
silicon | ay t i fif racti Lating is patterned to to
provi de a dﬁlyér%%ﬁv%ggﬁ??lpgﬁlg\}hc?tlgﬁségéd%)or glélaf'? rfg 9?E)aci ng in different

regi ons of the Npki, aad aedhemrrit Figie OF! the aideflapeib21ns gchéd ngay ® klbsed,
and as shown in Figure 8C,  the top silicon_ layer 252 is patterned to form
the ser pent §strapinrg gRrefergdy.ithe @xide£ih; is appidl for @ spHicint fansstoremgye the

130a- 130d, ' gg_%ﬁ ) 1 '

cases the o%??%%& %ﬁg&%ﬁ{plﬁ%gwl\?t&lﬁ Flé an rélglggwgd\}%ei n ioggar%éh%ﬁ,p}%e%gﬁg IS
et ched fr omehianseackndthe pleplscy of thafsenctdb) at troowugh 4702 arsdibBie at e or base

| ayer 106. The etch preferably stops at, the oxi | ayer 250. Next, and as
shown in Figure Bhe mefhods %np%‘y‘éaurqs A—éﬁw@@%—gﬁ e PRlysustrRlvet (Qffur e
Wiile t opt. i .S AN Ei P YANT] : tffnaction
grati ng?ﬁi tﬂ%{sh%ggnf?grrd a:nédm? \A@%dr?ﬁgglgg?ﬁ a%étee?[grégn?mngl?% %lﬁt %rgﬁlg%di(nvgfé; be a
| ens or anycaitdmplatedp eFuothen pt iscantephpdated that Fhediffracti@A- @8 s ofvF snodshtk-

or esent i v FIRIEE GRPR ShebT ITRAE AL Bires SRR g AEDIRAAC) BF Ligyy

silicon vaf ex.0m6aehakacs i B dfffkricaahid otmibees dAlymas a silicon 25
substrate or base 106, a thin oxide |ayer 250 topped with a top silicon

| ayer 252. | sol atiawmgntbnddescriped -0 prefermes Fingodimes)s eff thet prssenprinfantiahl y

formed, 15 those of skill in the art will readily appreciate that the teachings found herein may be

applied to yet other embodiments within the scope of the claims hereto attached.
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descri bed above. Once the isolation regions 200-206 are fornmed, and as
shown in Figure 9B, the netal interconnect traces are deposited and
patterneWwoObyBsstrati ve netal |ayers are shown at 452. TherT®saétrasi4 and as
shown in Figure 8C, the top silicon 30 layer 252 is patterned to formthe
serpentine spri ngs 110a-110d, carrier 104, -13 WO 02/31569 PCT/ USO1/ 31834
serpentine sprin 30a 130d top and bottom support bridges 136 and
140. To formth tile &L ‘%ﬁl\@ﬁ@ﬂ or in this case a polyner lens, a

pol ymer |ayer 469 is Aﬁ)ira‘f)y)hgﬁg ﬁéelgéivle ﬁlto'vf?x% & ofth81 ORMeGAlndeh &Iy

Next, heat is apphed to pol“ymer lFayer 460 to formthe Iens as
shown in Fi mureeh 88. X Gnd&xdirectoas mlatiszladmmbiasm, fhegppaaBis comipeisimg de Iayer 252

is etched away to re|l ease the stru ur Pref r abl e .oxi de C
applied for a suffPEIERPAGEAROYD the eh‘@m?f %B?f@{{v‘ﬂ}ﬁd:@?lp Oqgfhs 460

and the re”?és@'sﬂgh ok Wed SrBer Jﬁ%@é@l&%vle Yiebva & BE 3bldtecti MRl AR cabaund t he
peri phery of the structure, as shown at 470a and 470b. The net hods shown in

Fi gures 8A—Bﬁeaudnrﬁ,%u6ﬁalaraélyomltheYldlimstuomtand/e CIher 10 net hods for
formng the mcrQq-posit in stem of .t re nventlon

cont enpl at ed. Fuﬁ’te %Rncal G %%ﬁ%ﬁ?eﬂ‘% q¥ ﬁ%?plt%ﬁ 04 hf:f?aﬁ’a?li B%C%gﬁlftt Hy of
Fi gures 8A-,#faB¥nift 6&%@&4‘&1\0&1&%&&& inQRS Ya&iteclibn rélative s Sb-RAiierand t he
| ens 460 of Figures 9A-9E may be’replaced with the diffraction grating of

Fi gures 8A-8& subituitiwdlytintiss ¥eueetied the preferred enbodi ments of the
present invention, 15 those of skill in the art will readily appreciate
that the teachings found herein nay be applied to yet other enbodi nents

wi thin the scopepof tirgeg ({@Jrﬁﬁs besigin® 1 FEirtiegbe@prisihd: WO 02/ 31569
PCT/ USO1/ 31834 WHAT IS CLAIMED I'S: 1. An apparatus for selectively noving

an optical el emedn Xidrespéorcunyiding the npressary Facxtoasplecvelymeers BSarErat i ve

to a base, fh rat carrier spaced above the base, the
carrier bei %15%%2?& e tlsggﬁ%%ég c?h base such that the carrier can be
sel ectively noved ¥ rantvb[efcx lﬁ‘bﬁﬁﬁigi DB reetBhnyvdrdeotot detectively move the optical

element in the Y direction relative to the carrier.

3. The apparatus of claim 2, wherein the X driver provides an

electrostatic force between base and the carrier.

4, The apparatus of claim 3, wherein the X driver includes a number of
inter-digitated comb fingers, some of the fingers being mechanically coupled to the
carrier and others mechanically coupled to the base, the X driver providing a voltage
difference between the fingers coupled to the carrier and the fingers coupled to the

base.

5. The apparatus of claim 2, wherein the Y driver provides an

electrostatic force between the optical element and the carrier.

6. The apparatus of claim 5, wherein the Y driver includes a number of

inter-digitated comb fingers, some of the fingers being mechanically coupled to the
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base but not substantially in the Y direction; and the optical elenent

bei ng operatively coupled to the carrier such that the optical elenent can
be sel ectwoet/gisaoved in the Y direction relative to the cR€TU861/31834 not
substantially in the X direction. 2. The apparatus of claim1 further
conprising: an X driver for providing the necessary force to selectively
nove the carrier in the X direction relative to the base; and a Y driver
for provi disagietredmsbess saacharies vecoupled ép distanfisphelemet. theeY SpYeIauPVidBIge ment
in the Y direction.relative to th arrier,, im 2,
wher ein theag(gl c"C\flé erﬁ%‘z&}?eﬁ‘é’gerﬁ%e%&%g&% gglfa %?cf tél-g;l grrrgegagﬁeﬁ m%u@“ﬁ Esaédéligen@d t he
carrier. 4.to‘|{ﬁ@0m5ﬁmt,of claim3, wherein the X driver includes a
nunber of inter-digitated conb fingers, some of the fingers being
mechanically coupled to the carrier and others mechanically coupled to the
base, the X driver proyid] I . . '#ggqs
coupled to the cg'rri e?ﬁg(r%&?ﬁ@s %@?{:}%@gg,g%ﬁr{:@g{&g&[eggg xgegg&é}eng;éd r11e °

appar at us ofhe bb@ BY dnc BhEbES serjidaend sytirige ehiat pilowithesarsar toddeandvanisindhé X f or ce
bet ween the optical elenent_and the carrier. 6. The apparatus of claimb5,
wher ei n t hedivecipn velatiye o thedaseduh pptsupstaptiallyjp dhe Yidgretited conmb fingers,
sone of the fingers being nechanically coupled to the -15 WD 02/31569

PCT/ US01/ 31834 carrier and others nechanically coupled to the optical

el ement, the Y dgiver The appatitngof elainoll} whereth thé eperat elebenhvsaoupled t6 theger s
coupled to the carrier and the fjngers coupled to the tical .element. 7.
The appar at ¢&TIgfoX PRg mmorwwweﬁﬁ@n%sa&ﬁﬁp@fow thegptical ‘gg@ﬁlf e RGIPeYY o
the base byinQPevlirdBhbf 16 RPRLKOC.AEN hRus: {bndlilOW hEIR GREbEr Lo be
noved in the direction relative to the base but "'not substantially in the
Y direction. 8. The apparatus of claim1l, wherein the optical elenment is
coupled to the

9. The apparatus of claim 1, wherein the optical element is a optical
polarizer.

10. The apparatus of claim 1, wherein the optical element is a lens.

11. The apparatus of claim 10, wherein the lens is a diffractive lens.

12.  The apparatus of claim 10, wherein the lens is a refractive lens.

13. The apparatus of claim 1, wherein the optical element is an optical
filter.

14. The apparatus of claim 1, wherein the optical element includes a
diffraction grating.

15. The apparatus of claim 14, wherein the diffraction grating has a grating
spacing and a grating width, the grating spacing and/or grating width being different

in at least two regions of the optical element.
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carrier by one or nore serpentine springs that allow the optical elenent to
be nmoved in the Y direction relative to the carrier but not substantially
in the Xwidoprstseon. 9. The apparatus of claim 1, wherein parRUSEII18H
element is a optical polarizer. 10. The apparatus of claim1l, wherein the
optical elenment is a lens. 11. The apparatus of claim 10, wherein the |ens
is adiffractive lens. 12. The apparatus of claim 10, wherein the lens is
a refractive lens. 13. The apparatus of claim1, wherein the optical

el ement is an opté.cal Theiapp@atus bfi clalthd 4appared the diffraztiah Braingvb eigosed he
optical elenment includes a diffraction grating. 15. The apparatus of claim
14, wher ei nattda%“er@mr4%%&1n@hle@$tétvpﬁ@glmﬁsofgh@%&qah@lem%taci ng and a grating

wi dth, the grating spacing and/or grating width being different in at

| east two regions of the optical element. -16 WO 02/ 31569 PCT/ US01/ 31834
16. The appar at us7.0f @Anaipuicdldystamec@npridihe di ffraction grating is di sposed
at different angles in_at |east two regions of the optical elenent. 17. An
optical system ®oRpiGaARgee ion PEFEGIOT &egviRe K "BYSeduci ng or recei vi ng

light rays; a bagg,di &ﬁ@%@g%@?@fﬁﬁtg 48 RRIdGAN ey ii&g%sg@% fARE th [ﬁ%)ease

position relative to t ice; a carrier sp romthe
t he carri erofigahdevager ati vely coupled to the base such that the carrier

can be selectively noved in_a X direction relative tao the base but K not
Substantially | nd Erpetieeed BOR oo GREIcE SR PRHEHY T SERaEs Yol beTupl ed
to the carrigh (g4GHe bARkr wﬁb@mecﬁ%xy i RABRG X altehiforSRlaBet ty Bloba8BY¥Ed I n
the Y direction relative to the carrier but not substantially in the X

di rection, tdteubgentcdly ieladfrdimectivayanty optical characteristics such that at

| east some of the |ighy rays (hat are produced or receiyed by hhe optj cal
element can be selectively moved in the Y direction relative to the carrier but not
substantially in the X direction, the optical element having optical characteristics such
that at least some of the light rays that are produced or received by the optical device

are transmitted therethrough.
18. The optical system of claim 17, wherein the optical element has at least
two regions, and the optical characteristics of the optical element are different in the at

least two regions.

19. The optical system of claim 17, wherein the optical element diffracts

the light rays that are produced or received by the optical device.

20. The optical system of claim 17, wherein the optical element refracts the

light rays that are produced or received by the optical device.

21.  The optical system of claim 17, wherein the optical element filters the

light rays that are produced or received by the optical device.
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are transmtted therethrough. 18. The optical systemof claim 17, wherein
the optical elenent has at |least two regions, and the optical

char act ewa@12/856Df the optical elenent are different in ther/asor/digmst two
regions. 19. The optical systemof claim17, wherein the optical elenent
diffracts the light rays that are produced or received by the optical

devi ce. 20. The tic clal i ptical et
refracts the |iThit rgbbg%%ﬁ%@@gér}émpdrf? uce(FjPi’o\)rme?é@etﬂ?/teogﬁ%a;i eﬁéﬁ%&%}gg !ach ¢

devi ce. 21.thEghoRlyk et affbévedlor edcaivell by thenbigical deviidee opti cal el ement
filters the light rays that are produced or received by the opti cal

device. -17 WO 02/ 31569 PCT/US01/ 31834 22. The optical systemof claim17,
wherein the optigal el i .light rays that are produced or
recei ved by the %%ticﬁ?nﬁg%?@gb%&féﬁﬁiﬁ oti cal system conprising: an
optical source o#in ol veurrcé o repsivatifof providling @crecsiving adight gbdm;beam an
optical elenent positiogned to intersect. the |ight beam the optical el enent
having a first r&yPphcalsiement @esHangdelg wtprsech s iighd tbeamy ithsnontiopl plgment i r st
grating wt [ ' [ LS i ' o he
second regi%ﬁﬁﬁ%%?%%Hggég%gﬁgSég?%f?%gﬂagfﬁhgI%%%S%%%%%gg?%%g%g%%?ﬁgl%nd a
second gr at firsg gmitielp spacing aad drfirstegratingy width,eatdi the lsycond wegign thheing et secartd

elenent in at |east one direction so that the |ight heam selectively
i ntersects $RENG Vit %e@@v%araepg BRSNS ANG AP P %ﬁt.lg@w.lcﬁw tical system

according to claj @9 fo%@l%@tii\fklyt llsh%vﬁi{ | HE bttt eSS in 8NleXstYnbk \lech @ so

sel ectively noving the optical "elenent in an X direction; and a Y driver
for sel ect ithet the hught bepnt badeapelydalersebtenienfirsi regionvordhe exsondregi®s. An opti cal
system according to claim 24, wherein the X driver and the Y driver can
i ndependently nove the optical elenent. 26. An optical systemaccording to

claim24, whereipytheaX shricelysRVRSordintderoUiCH, wileRiIE e difieP thcBides:
el ectrostatic force. _ o
an X driver for selectively moving the optical element in an X direction; and

a’Y driver for selectively moving the optical element in a Y direction.

25. An optical system according to claim 24, wherein the X driver and the

Y driver can independently move the optical element.

26. An optical system according to claim 24, wherein the X driver moves

the optical element using an electrostatic force.

27. An optical system according to claim 26, wherein the Y driver moves

the optical element using an electrostatic force.

28. An optical system comprising:
an array of optical sources or receivers;
an array of optical elements, each optical element positioned in the path of

light of a corresponding optical source or receiver, each optical element having a first
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27. An optical systemaccording to claim26, wherein the Y driver noves
the optical elenent using an electrostatic force. 28. An optical system
conpri si Mo 02/axs6@rray of optical sources or receivers; anP@rmay/assdopti cal
el ements, each optical elenent positioned in the path of Iight of a
correspondi ng optical source or receiver, each optical elenent having a
first -18 V\D_02/3111569 P USO1l/ 31834, region vm'éh a firs% filter

char act er i steRIONaWHha2 JH8lLHHCF EHRBFEURIchAYT 2ei5AR] FiEBioa, With g, Sgeqnds filles .

and one or %’ia%téiiﬁh}{'eaﬁﬁ to nove selected optical elenents so that the
correspondi ng pat T ght intersects the first region of the sel ected
optical el enent sond corpmaonit ddrivére fd rmmove iseteetedc lvaticalt etdnsanisc, soariatf dlre

i | ected ot}f ti | t that t di h of
gt Ui nter SOEEROTE R ane GG DerEep B idRe SruRT BRRF Bt lrent s
to provide {o;kﬁ'm?i@_g ﬂﬂ’{jﬁlfsi: k& caPRIRGHE ah& hiCmoviflg sAeb®Rl Rath: bpticdlieldnfdnitng

light froman optical source, conprising: providing an optical elenment in
the path of sd itlghthepravisgendiby patheobpightciatersestsuthe ssecartieragpan ohtheesadentest

having a first regi with afirst filte haracteristic and a second
regi on with® e”s%%ﬁﬁeq?’inls‘?térm B‘P‘i’éﬂ%&?"é?eicg?‘g gﬁera"‘i%‘ rar?ge\ﬂsﬁﬁj the optical el enent
so that the path of light intersects the first region of the optical

element to provide the first filter characteristic. 30. A nethod according
to claim?29, fur2her Aompthodiferdfiltenisgdighpirom anpplicalgonris, epepraig el ement so

that the path of |ight intersects the.second, regqi of . piical.. el ement
to provi de the sB®Y ngiapt%ﬁtlcéﬁgfe&?gﬂ?gﬁ? c??th?,f.?qﬁ&%ﬁ@tr%‘gépcgggorgiﬂlgm?io
claim29, wWasked thd fifichi EcheRiviil Otird hezioPWitad firse|fiRtee oharbBaeridtic and a
diffraction grating with a first grating width and first grating spacing.

32. A net hostcandtgaimyith 6 se¢aaid BT chagprberestia; #8e second region of the
o ond ororre D% Me' bR e B AR I o 1P ARCks S b st bidh And

second grating spaci
of the optical element to provide the first filter characteristic.

30. A method according to claim 29, further comprising the step of:
moving the optical element so that the path of light intersects the second

region of the optical element to provide the second filter characteristic.

31. A method according to claim 29, wherein the first region of the optical

element has a diffraction grating with a first grating width and first grating spacing.

32, A method according to claim 31, wherein the second region of the
optical element has a diffraction grating with a second grating width and second

grating spacing.

33. A method according to claim 29, wherein the first region of the optical
element has a first polarization direction and the second region of the optical element

has a second polarization direction.
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33. A nethod according to claim?29, wherein the first region of the optical
el ement has a first polarization direction and the second region of the
opti cal avenwstse9 has a second pol arization direction. -19P@DUC@/BLHGI

PCT/ USO1/ 31834 34. A nmethod for form ng a novabl e optical el enent
conprising: providing a starting material with a substrate, an oxide |ayer

and a top |ayer;_ sel ctlvel etching the top layer to | eave. one or nore
suspended el ement& of trﬂ%t %%Cgtfplgmag%%%\{ab (&%%te?e‘ﬂ%rftﬁﬁmcpﬁ’émem de | ayer of

the starting m@b@ihnﬁstﬁﬂlr@trﬁﬂenﬁtvﬁ& a 8B Ch Haat DS eLxide b MNRE;

sufficient tor ase e on€& or nore suspended elements of the novabl e
optical el errent seBstivdlyectetahy otk @b lej/fanml@we dnarctrhemremﬁmﬂndsdi agmseisedt i vel y

etching a h in the substrate of rtin mate w_t he, one or
nore suspen 86“%43 lr‘?e‘?ﬁt@afl%gfrﬁ@t t”ﬁlé‘vé a? Z%}'SF 0%% tsﬁaer{lggé’?ﬁ Wga?r&?&c al as
an etch stog,behgre the oxide layer is etched. 36. The method of claim 34,

further conprising the step of patterning a netal |ayer on the top | ayer
to form desired ﬁbhangruhcadmdﬂtleye:omfﬁmt:mtohs relgsse  thiseong tonortorsf sespandad36

wherelnthe atter nme step is provided before the top Iayer IS
sel ecti vel yel EW@BP?@S“IOW%E %@{%Lﬂefaﬁ ol aim 34, further conprising the step
of providing one nore materials at selected |ocations to form an

optical el enent. 39 The nethod of claim 38, further conprising the step of
reflowing the o¥s or Thenethn eff ¢lails34,durthermomprising seh@tlvqibIeetmaqbéOksf

claim 38, wherein or re nat.er e
met hod of cYai*th® %%Stffﬁmfzf?% WBJRACHF 1?116;0@ ttﬁ%’% égg)glné Eﬁé'nﬁe fe%n eggt i on
grating. -2@ing the oxide layer of the starting material as an etch stop before the oxide layer is

etched.

36. The method of claim 34, further comprising the step of patterning a

metal layer on the top layer to form desired electrical interconnections.

37.  The method of claim 36, wherein the patterned metal layer step is

provided before the top layer is selectively etched.

38. The method of claim 34, further comprising the step of providing one

or more materials at selected locations to form an optical element.

39.  The method of claim 38, further comprising the step of reflowing the

one or more materials to form a lens.

40. The method of claim 38, wherein the one or more materials include
polymers.
41. The method of claim 38, wherein the one or more materials form a

diffraction grating.
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