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25  Magnetic Materials, 249 (2002) 357-367) magnetic components can generally create
larger forces at larger distances than electrostatic-based components, because the energy
stored in a gap between magnetized components is larger than that stored between
charged plates, which is true for a gap size as small as 10 nm.

[004] In addition, since the magnetic materials are responsive to magnetic

30 fields and magnetic field gradients generated by current carrying wires, magnetic
devices tend to be low 'impedance current-driven devices, rather than being high

impedance voltage controlled devices, which is the case for electrostatic actuators.
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25  eliminates these problems, but also integrates ferromagnetic materials into the MEMS
devices. In doing so, the invention benefits from the advantages of silicon micro-
machining technologies well known in the integrated circuit (IC) industry.

[007] In order to make use of and benefit from silicon (Si) based IC technology
in the fabrication of micro-magnetic devices, problems relating to usable materials must

30 be solved. In particular, consideration must be given to the Joule heating that occurs

when injecting large currents into highly resistive structures and to the compatibility of
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25a Tiicradbids fos NYRymicrospacteascopy,” Sensors and Actuators A 99 (2002) 244-248,

describe the use of micro-coils in the analysis of small volume biological samples. The

micro-coil is formed by depositing a Cu seed layer on a Ti adhesion layer, on an
oxidized Si substrate. A thick layer of photoresist is then formed on the Ti/Cu layers and
patterned to form a spiral mold. Cu is then electroplated into the mold and the
30 photoresist and Cu seed layer are subsequently removed to insulate the Wires; Using a

substantially similar method, C. R. Neagu et al., "Characterization of a planar microcoil
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25  via patterning using third patterning process. As can be seen, this process: requires
several stages of photoresist and photolithography, which places stringent requirements
on such factors as surface planarization.
[013] Photoresist is also used as a patterning, insulating and planarizing material in
the fabrication of planar micro-coils. Filas et al. (U. S. Patent No. 6,495,019) teaches a

30  process that allows the formation of a variety of integrated CMOS and micromagnetic

components, particularly planar coils and transformers. The process involves forming a
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schemes. A complex 6-step fabrication process involves (a) polymide deposition on a Si

wafer; (b) plasma etching a plating mold through the polymide using an Al mask; (c)
plating a lower magnetic core into the mold; (d) deposition and patterning of a
conductor about the core; (€) plating vias; (f) plating an upper core onto the lower core
to form the meander. The inductor size was 4 mm x 1 mm, with only 30 turns and the
magnetic core material was electroplated Nig;Fejo, producing an inductance of 30
nH/mm? at 5 MHz. |

[016] Another 3-dimensional air-core micro-coil has been fabricated by using the
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conducting leads through both dielectric layers by means of vias, so that the

25  ferromagnetic layer becomes the core of the coil. Primary and secondary coils can also
be formed in this way. The nature of the PCB may not permit the device to operate at
high current densities. An additional problem arises from the fact that the ferromagnetic |
material forming the core is nickel that is deposited by electroplating or electroless
plating. The use of various chemical agents in the nickel plating process introduces

30 phosphorus in the final layer which can adversely affect its magnetic saturation (see,
e.g. Wolfgang Riedel, "Electroless Nickel Plating," ASM International, Finishing
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10q R rneHeR SYFacese WHEH 8ot | V"iﬂt%ﬁ?u@’ of | Fbpeagent Process steps are
rragg(g{.&e& field gradients and, in consequence, limted
magneti ¢ forces. (2) The designs are basically scal ed

dovw) VNsrRi efthe Qliommamethody are dbki reffieinntly gmesaie Itugh magnetic field
require conplicated fabrication processes,

pr eErdionds aloag ith Blgngiized &HH%C%&P&Haeh{eeWIt'aé%q g}ﬁ%gr%lm of additional
prg;grg gry ?ageﬁﬁ&d&fﬁmsaﬁﬁ peven surfaces, which is

en subsequent “process steps are
15required. (4) None of the prior art nmethods are able

t fficientl te high tic field di ent
along wi th planari zSUMMARYQF J8EBVENCOR, the
nt at iti .Ci i t. . )
| pUFSEL O e AL LA 1A B TRABEILRS °r gneri
f| mednighipteyt aed fodisthg meagnéticofields, hagpetivy ifidkl gradients and magnetic

apparatus for generating, manipul ating and focusing
nadpees- c fi el ds, magnetic field gradients and nmagnetic

20if 0 r[ p " OVI %éoxﬁl %BJF';e f %f Ocm: %%Eseﬁi ﬂ%ﬁuf}ﬁ 4548t pﬂo(h*ﬁ% N %Bparatus for

an “apparatu
trappmg, transporting, concentrating, mixing and sensing small magnetic particles.

[022] A third object of the present invention is to provide an apparatus for in-vivo
nuclear-magnetic-resonance (NMR) iﬁicrospectroscopy analysis of small volume
samples.

25 [023] A fourth object of the present invention is to provide an apparatus for
magnetically actuating a micro-mirror, which is a small flexible membrane reflectively
coated on at least one of its sides.

[024] A fifth object of the present invention is to provide an apparatus for actuating
a variety of micro-electromagnetic systems (MEMS), such as switches, fluidic valves
30  and micro-motors.

[025] A sixth object of the present invention is to provide an apparatus for the



trappi ng, transporting, concentrating, mxing and

sensing small magnetic particles. [022] A third object
w@booshzipt esent invention is to provide an appBCHSGH05/000184

for in-vivo nucl ear-magneti c-respnance (NVR)

m crospectroscopy analysis of small vol une sanpl es.

[ 025 AGH {eBRGEL o liDR ALAR! NVeNt i 0N [ to

provi an apparatus tor magnetically actuating a

m qO6]M r AGevertinojbcti of the gre®dnk iffvietidrbiseo priviifeaniero-magnetic devices
reflectively coated on at |east one of its sides.

[ 0that gar jbet msedpfasctheomigrprseliasseably ofy diyesse imjcgo-cepponents on a
pr%\(l'bg[gtgn apparatus for actuating a variety of
nicro-é?éctronagnetic systenms (MEMS), such as
5swifogTies, Ahleidnth 6bjéed ofabe preeertligvetio isPtoSrovid@ bl ifiuctor that can be
si Xxth object of the present invention is to provide an

aprasist ntegtaded nbevariaup dorms SR band BF communtpgtion cigcuitry.

m -fluidic. scale. .[[0261 seventh object of the .

or dDZk ' A of s TresOF S ehat B Ragmats & Gach mperatus in the
{ b 8P pfAarARED-LALs Ay EE AR licRSmaD! y_of

di verse cro-conmponents oh a substrate. [027] An :

ei 291 obpAetehthobbjedteofptheseedent wentiomis ks ptavide swhd@icro-coils and

an inductor_that can he easily integrated into_variqQus .
10 o ramays p1 pych apigro-poLls grhanen dha agnetic prqepertisy arg enhgnced by the addition

ni ect..of - k: ' ' o0 provide

al 101 b0 b o R R Kt B ek PO

andq03e]r ayAnfievetthhotijecir of- t@iprésen{ AR 8ftich isetot provideecdesign for such

of the present invention is to provide such .

ni drisTeerilsswherginafieldysireggths el grpdipeds con|be ephenesdn magipulated and

magnet. i [ ri re enhanced by the addition of
fe%rog{rrr%%%dglh%&&g‘# fe"grfeglt'or ferromagnetic pillars and

15p! 088 [ A3RLIfAOER 6E e predtinefitvetiod Rao ﬁf(ﬁ&@i method of fabricating
invention is to provide a_design for such mcro-coils o
whepelh migroedods gnd argyhefl mirro-gpie thah permsitsrintseration arideather circuitry
mani_Rpul at nd controlled by a tuned current. [031] A
tvveﬁngtcﬁ%ggﬁeen?% of the present invention is to provide
a rmesiod Af thiddhtic dbjded oTutb pleSdn®-i@védtibnaitdt@pieyi8e &f method of
mcro-coils that permts integration wth other L
ci rigbricatipg sneh sverpednos. orfipFp i Aulstriate; Henkigh dhereel cemductivity of

20" hesugﬁ % esl%striatt]é/ eprr]ct)\ifigfr]lgi 3 ;tla?'tlgl{lgr\f}lf Ar R 1R d?sfsipation and removal

mechanism.

[033] The objects of the present invention will be achieved by the formation of
planar micro-coils and arrays of such coils, that are formed on or embedded in either a
silicon or a dielectric polymeric substrate and are formed of conductors having a cross-
25  sectional shape with large area and high thickness-to-width aspect ratio (typically 10/3,
but 9/3, 11/3 or any aspect ratio greater than 3/1 is also acceptable), i.e., characterized
by a thickness (vertical dimension) that is substantially larger than a width (horizontal
dimension). The micro-coils so formed typically comprise two components, (1) a planar
micro-coil formed of Cu electroplated onto or into a Si or polymeric substrate; and (2) a
30  structure serving the purpose of a flux-concentrating magnetic core, the structure being
a ferromagnetic pillar, formed by electroless plating of a highly permeable



fabricating such mcro-coils on or in a Si substrate,

the high thermal conductivity of such a substrate
w@e@sitebing a particularly effective heat di ssiPpEr/s6mo5/000184

and renoval nechanism [033] The objects of the

present invention will be achieved by the formation of

pI %n o&n%j%{lg mag%rleaz, ﬁg@raﬁw RS bub H&{luﬁﬂéd iy thatr}ﬁateﬁﬁleon the upper

ef a I con

dl %hﬁ‘ﬁdef dfthpebiy, e illas tesdbyaileyiagd f&lcﬁ(drdluﬁyedoﬁentratmg role similar
conductors having a crosssecti onal shape with |ar

ar éo that dlaieg hbyt MReRalieseresoinmmaetesepPife 69ilsr di jspme o the embodiments
e'[rg?vl 11%% q??ﬁmggftl éﬁ%/b?ébk i%e{ 30 eﬁ% tﬁg %gglésﬂea&f tHe micro-coil and,

SO a

5¢ h%@@ﬁ;ﬁ @t&@&ngm@eatsed fl4BESR ﬂw@abmal It @b 266 ihanihetsilidon substrate
i s substanti al y larger than a wdth Shorl zont al

di nensiesngllent heatrsin ends dhitBers ghat dhendie Qom pQ]MQPr can offer dielectric

ris gonpone nar
£ o PhnsTS o e B s ettt g RO 15 e G bo casily planarized,
POleY SRfroC cﬁﬂﬁ?ﬂa’.’l 80655%‘% t6 Dk, Saratd Yt Wi GREVARD afliWing additional
pur pose o? concentrating nagnetic core, the
st rcirchittyeo beimegratefl evithdhagrebicoilpi | | ar, forned by
el ectrol ess platln% of _a highly p; rnegbleferrona netic
1

10 yat @Cf‘ﬂal  The wiap-aily and el arsq}is bq formed dn @geqrfi gyith a number of
i)%t‘g le&%oalﬂ?enwo%ﬁr (fs‘?ﬁ 110§h @Qse c&iPbé clakfified! eﬂﬁer meander
t héreby playrng a

fiel oncentrating ro

si ftdvafing Indrbingdhidyeth {frhatrmgyn@bl Lrandomsor gimple repetmve manner) or
rracroscégc coils. In sone of the embodi nent,s t her

wi Ispireli Adpngavith thegieiencasasbRpes, gach quahadimens is tlse Characterized by the

back r a n
oSSBT 5 T BP0, B B, slow. The

15si |dhﬁ'&8nt3g8©ﬁie&@és&estﬁt iandifree ﬂe@f@h‘mhﬁﬁichﬁtaﬁfenam and, therefore, make
further, that the dielectric polyner can off

di élpq;manp‘es Wﬁ}@é@%ﬂt%é%?hl%igf@E B \kyersite °§IQHe€36WnSI gpecifically, the
ad% bogﬂne Eygatn oelnége ane%rhs*}& i1y planarized,

enabl I'ng a processing to be carried out

ef f(Ay iptiat Yniefdcdils| @piral poragdiddenfrmed ropudrt eytbéddebevithin a silicon
integrated with the mcro-coils, [034] The micro-coils
anaubqﬁr@rer, “aihrcay@tmurfem@@&%ﬁ% #§: accor d vvlth a

ZOnEXEE gl Can &to {Jﬂ%dq f &EQ{@RH Becﬁf‘e Qle&ﬂ'clpo er, with or

ass as el nean coverin

i n%ﬂ@‘atftﬁro@iagﬁ&ldlfﬂmb?dndnay be a random or sinpl e
repetitive manner) or spiral. Along with the various, .
coi(®) l@ﬁ’é@uc dm&élmﬁaqdéff)af%e@ 98 Qicerabedded wighin a silicon

S SRS bbb el PR B o 0 9

r e%b&e éuﬁl hrbighr @8 silieeh had H&diﬁ@nﬂhﬁbm&@pla&bltﬁﬁ odffdct the pillars to
therefore, make the vari ous enbodi nents suitable for a

25di viems subgtantialipelosad megnetisgieaiitsi cal |y, t he

[035] As noted, the micro-coil cross-sections in the examples to be described will
generally have an aspect ratio (thickness/width) of 10/3, although other high aspect
ratios (“high” meaning greater than 3/1) such as 9/3 or 11/3 will meet the objects of the

invention. These embodiments are achieved by a fabrication method based on
30 electroplating and chemical mechanical polishing (CMP). The choice of aspect ratio
values may ultimately depend upon the technology being impiemented. The miniature



enbodi nents can be categorized as follows: (A) planar

mcro-coils (spiral or neander) fornmed on or enbedded
wWowaosilee1sd si | i con substrate, with or without PCT/SG2005/000184

ferromagnetic pillars; (B) plangr micro-coils (spiral

or meander) enbedded in dielectric polymer, wth or

eir}g%t%aﬁfngtﬁé ?)ggal%]%.}t ?orRlehl & é (lec(l_)lgg%@o§n@{ gther gléhldy permeable

mea nde on or e

W' foAetit Shfeligls fhn&labéﬂé@%ﬁed i elfé’Btgcﬁleisl latimg. [Thesvarious fabrication
rai sed a substantial distance (conpared to (A) _and

(B)n)etlmdwellémde%qmb@@ giore Rdlydielaw srtha sentadict: %%ﬁcnpﬁons of each of
%[eepgﬁh stha contact the pillars to form
8%8 magnetic circuits. [035] As
5 no{(ﬁb t hﬁle"ﬁlféfdlcéig' dan%%r%n?&ﬁh' seAss drtayk o paredlBPdress, such arrays
to be"described will general have an aspect ratio
(t hilokingssjustiert of e mag@fic aietdscmg lgrastiénds by tupingihe dejected current.

N L O T T
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( Chl).. A hierestilyi the mfgnatipdield I[safdcusedahmﬁsse‘mgemﬁc locations and steep
ultlnately depend upon _the technol ogy bej

0§ npragnaetin Befentyh ovalls fan ther @eated- orhsJRIETe-coi | Pengrate fhegmagnetic fields
f or %a?% td E{a ti’ée%é 1?5?15\& Qgﬁ%tn Héﬁ%lgposp z:.JnSc’il Recause they are

el Pﬁﬂhé Ctiieﬁﬁv Qbﬁbtaﬁ@a (Hi@myvpemslej abidec ttel pﬂlarebi‘eod&gnehzed the
be described nore fully below in the context of

t t heragassia Tipssi erfavbmﬂehe; eongeiraied Breeby ther- Sleperithompgnetic field at
ﬁbé lrogep:' é1|r8 Jhen ﬁﬁl‘ @&g?gf ?l%afrégtr brat OWI 1?1 g.ncg J ustﬁ{lg %}’a?hent at that

15t h o daBEH 4l @lsf)lt@ Q‘&atadwalgéa]ﬁh ﬂmt gihinighes retp@dlyhne the reglon outside of
injected current. The ferronmagnetic gl | | ars,

pl & willer. Slhwscadeanppiniislgrelbieesilished in e wenefgiﬁséﬂcmlfy of the
of an%rRﬁCa%Bf nglobcivsanta %%ﬂ@%cffttfét arHifr? ik %&ﬁtﬂl@ﬁ‘o max1ma of the
5}1 icfre maxi ma eac Crocol a resu

t henagagietibld dnebel shisted drums @dintto tpofsteors facddvie surface by properly

| ocations and steep nagnetic potential wells can be

cr eenteallingrthe creRidndls #¥gener at e the magnetic fiel ds
pphnecessary to magneti ze the nagnetic material formng

the pillars and, because they are paths of |ow

rel uctance (hi gBRIEFEDDSERIPTIONTGE THE DRMWN{;&r e

ma netized, the magnetic [ines of flux wll

it r Skhscotients gtureh el aplyéam’gges Pﬁéhenﬁ@ﬁ@%tllgveﬁmep gre understood
t L t
ﬁad‘ﬂﬁ%hlgca teoF ﬂ@%hﬁﬁe&g{i’g% gcgfa : iéll'qetfg'ge%dol%‘, g{)&ﬂeﬁ&t as set forth below.

The Description of the Preferred Embodiments is understood within the context of the

25  accompanying figures, wherein:
[038]  Figures l1a-j are schematic illustrations of meander and spiral shaped coils and
arrays of such coils corresponding to different embodiments of the invention.
[039] Fig. 2 is a schematic illustration of simulated magnetic field lines surrounding
loops of conductors haviﬁg crdss-sectioné characterized by different aspect ratios,
30 including the 10/3 aspect ratio that is particularly appropriate for the present invention.

[040] Figures 3a-j are schematic illustrations of the processing steps required to



| ocation will also be great because the fl ux
dimnishes rapidly in the region outside of the

w@Riosar219fhus, a deep potential well is establ PCTeG2006000184
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the immediate vicinity of the piilar. An additional

advant age offered by the arrays is that the | ocal

e .t he. et | ' .can be shifted from point
to%%%?%%%rtﬁ%%ﬁg?%\/ﬁg%ng{Jnr%acl:@aby properly controlling

t Ngo£Yr 1 eFtp. ddisthschambtly ovBRbdd-dianGtdRb A kil eGqudtdEspiral micro-coil,
DRAW NGS [ 037] The objects, features and advant ages of

t hehpwiagdhe bandingnads and feadshaeehyweyeh Gt i ingested.

co t . the Description of the,Pref.er :
Eod0dT o i A5 PRl s b RRE AR Pt of a bopding pad.

t heod3jef etipads BAROH AT JIfSchARIcSHOO8s Wiep§ ubed Meforming a micro-
context of "the acconpanying figures, wherein: [038] )

Fi goil @ad Ipilar wathén s phlymeeticdayer fforgted ami oBissubstrate ah debstrate thinned to
and spiral shaped coil s, and arrays of such coils

c o AP BRAPTEC IBH%HS@:“@rS@HY"nenbodi ments of the

in i ONg: K j : I ] ' of ;

o1 WP oo image Ot BahPy o fmAiaF ORI obll o it S P8 but withou
conigkiasoefd pilaccr 0SS- secti ons characterized by
different_aspect ratios, including the 10/3 aspect . .

r atl045]t htigurss Bad 65 @ 66ries| of salipmmasisrstepsarsedyin foREIng EEGHP-coil, pillar
inveg%)i(g{_}.l 040] Figures 3a-j are schematic

i | FHSPPAP8is of the processing steps required tof orm

a I46)0- ;! 8 Ghowd® sEie@SAT repre¥@RitiodNof ;4dkoild Posiiéhed on or in a
is a schenatic overhead draw ng of a single square

s pisnbstraty, reomised-oilssiving wsd it guide meiFiogcopnescnin & fesapter sites on the
thraugh whjch.current is injected 421 Fid. 4h | .
ScRERETS o et SR sk et MRS o sheelvebt Bamitoh affvine o the

padubdifddl] Figures 5a-mis a series of schematic
process steps used in formng a mcrocoil and pillar
within a polymeric |layer formed on a Si substrate. A

Shdnbs B HORNEE 50 ERESRRRR RRBIODIIRGS 5, °
M G047 COI TheABrekéht fihGattRS, $R-c@ch PEtits\erhbédiinehe provides a method of

formation of a pillar. [045] Figures 7a-1 is a series
of faluiveting imicer-eqils awbdrays 6 rmicryceilsnit ead o pilicon substrates and

il k.plate. [046] Fig. 8 sh h i ,
e speafebriaR Gfledis pohd e trped A8 R et e coils and
SUbshyALS fairested), Ghithr 6Ad hathoet fbxleeBekntratigt!idenetic pillars and back-

m cro-conmponents to receptor sites on the ]
plates. These micro-coils and their arrays produce magnetic fields of large magnitude on

the order of 0.1 T and large gradients on the order of 10° T/m and are, therefore, suited
for a wide range of applications that require the exertion of strong magnetic forces at
small distances. In this sense, the micro-coils are micro-electromagnets. In addition, the
micro-coils are micro-inductors and micro-receivers and micro-transmitters of
electromagnetic energy. The descriptions given below will first describe the geometric
designs of the embodiments, with reference to Figures la-j and Fig. 2. A second section
will then describe the method of fabrication of the embodiments, with reference to

Figures 3a-j, Figures 4a &b, Figures 5a-o0, Figures 6a-g and Figures 7a-1.



substrate at which sites they are trapped for

subsequent pernmanent affixing to the substrate.
WORBSR A4 ON OF THE PREFERRED ENMBODI MENTS [ 047RCT/SG1085/000184

present invention, in each of its enbodi nents,

provides a nmethod of fabricating mcro-coils and

ar @és.q{on_m r -i0|l i tQn substrates and

e rs formed on
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wi de range of "applications that require the exertion

of [849]onoRefergingtfirst t6 Fig de (enil M) therdiis shammess3-phasetngagder type coil
sense, the nicro-cqils i [ O-¢el ectromagnets.. In
2Dy (Ghand (R ptes Gensted Mt Hhi fos2i e SooEiar g Sach of the three
m Gt Q- e d 1 Cr i .
T SIS0 S TS Bl ot il et condctr
Wi Isbgrhénts thrdegic kihixh theecigmatréiomiscindidteirgriag di.e. fire relatively opposite)

enmbodi nents, with reference to Figures_|la-j and Fig.

102, diveatiansndns away 6f api arbitiape supbst Ff [5eils 9€ thist BBgl ipconstructed by
fabyicati,on of the ' -\ ref e : .
- BaRg e  pRTRRT s L ELEERRRE foning on ot

6atige abgh),Fisoidrtas cdse for S Gr bgils @nthdy fiptre. Bimeeah€rutrent in this coil
Desi gns and Properties. [048] The coil desjgns to be
di senSguwatiose|flawsarie wlativeky sRpesiodipsiongait adiacent coil segments,

i ng. bj ' ' |
ok AinalE L e 5By byl b e pon

15W ol ared nidghdtiéXi @ RERRS Fidh b swehfidnCofpiht Isaparae -sunigonents of the
or without a connected back-plate for increasin

c| disldseprofiueadebymaephe sazment.  Blp tcoil [ dysign IRd?raétﬁquilﬁg’ el suited to the

to Fig. -la (coil, M) .15 ' .

vy gt G cosbiclarigh €8] 8¢ inford Nalhally SLRIARRCIE R BEly docs the
deglesign olfer HRAGITE&Anel)stedghindflotdlieed hiaggetiofdiocs dhtalare effective in
coils is looped back and forth to create a series of

parﬁapp@lgfslaujllanwﬁe patigles oputdbisrselt suited forgtear#iony ity gther micro-
cur t WS .J |t [ i .€p, | | atd . .
20 shEfbate SRl 5 APl Br ool Bl Yhned, micromnalyss

of so@bhs WutdrhbsndiMPepdds, QPP tHodCt @enkyt tHee@bils caldl yllow external
connecting the individual coils in series (i.e

di Icenndofionniortbe chily Cereincef; the figuren avill dsdivate fwo tywes pEbonding pads,

case for the 3.coil,s in thi.s fiqgure ince the cur .

- rEoe forgdingmeg D U i Rt adp 266 oliin S AUt the micro-

OPRBTI 4 fHeli @6t hARS corihedihRCRNGthEOHEvieRMHANEScuitry and smaller inner
25 bonding pads (18) that are connected to ends of a micro-coil that are within the

periphery of the micro-coil. Inner bonding padé are typipally connected to outer bonding

pads by means of bridging leads (17), which needn't be formed of the same conductor

material as the micro-coils themselves. .

[050] Referring next to Fig. 1b (coil M2), there is shown an interdigitated form of
30 the meander coils of Fig. la. In this device, two meander micro-coils (1) and (2) are

placed so that the coil segments of one coil are interwoven with those of another coil.



according to Anmpere's | aw the z-conponent (conmponent
orthogonal to the figure plane) of the magnetic field
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z-conmponents of the fields prodyced by each segnent.
This coil design is particul arly well suited to the

si 7 eglilﬂlgj}(;-g(%qls ar%&%ﬁf?ér e% oes O%H%Qéd Hl)rcél-grfsggﬂ}z ri]r?lagnt?_ﬁ;t with each

only
debitire Eachthidhgceih Had ﬁfl@e’ihatﬁ%%aﬂ%@ﬂ? tspzi‘ceﬂ Qhdasidelyabacddoops, with
effective in trapping small magnetic particles, but it
i s theemdrroyy lqopdpfase quﬁrcegmbﬁttm Wwithip tee Weder loop of the other micro-coil

m Cr(ggic%(%,tfr&%n&,@ oﬁ%réec e 021? %ﬁﬁg%{é nosﬁés;cge’iﬁtbﬁgﬁ]e BHeQr opposite, but
5 borﬂsa b Bddshts ér%ﬁhdéiféhabn@ QRRESH othbe [Niffetent ildesbl M@ magnetic field
external connections to the coils. Certain of the

fi gux be easilyl génevitehby vanying theemagfitudo ra@dfmg divgdtion of the currents or
| ar ger outer bondi ng pads (1 whi ch connected, to .
{ neVatrettige Ot g D e LS CBIcto sl SER ek properties of

ConNEH! t %gfh& 0B fof Sinbfi Yadfe {dg&nd anal
m%gl%bdc?n r%gtﬂ%a fg?ﬁ?ﬂgl?yare cor?nect eﬁ to eni@@ §fe€{n analysis.
a mmerr(bondmg patis(l Spaldowektetal tdiﬁeﬁﬂfnspdﬂdxe;mmfo-bhls

m cro-coil. Inner bonding pads are y(gi cal qu connect ed
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E)no gc? gg%op%s F@%fa‘kle? eixit;logjﬂlgg%{l%{qnnect él\{L CIO()BSO afld the entire
VB kirddttre! ShntHRY Nﬁ Wows, hifich whiGh ﬂﬁ@@ﬁl‘réﬂﬂb@ldﬁaﬁd@pobﬁ@ Elternating)

mcro-coils, each havi ng magnetic pillars %shovvn in
25 al IdlrétptgmseSumhrIYthmib)o -coil M3, a ferromagnetic pillar (19) of NiCoP, or other

material of high relative magnetic permeability, u., is positioned at the center of each -
léop. In this conﬁgurétion, the magnetic field intensity and gradient are equally focused
at the tip of each pillar, resulting in islands of high magnetic field and gradient being
uniformly distributed over the micro-coil surface. The essential difference between
30  micro-coils M3 and M4 is that the circular shape of the loop surrounding the pillar in
coil M4 produces a larger overall magnetization of the pillar. Outer bonding pads (15)



| ocated at | oop centers. Mcro-coil M consists of

smal | rectangul ar shaped | oops fornmed within |arger
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oSl i o R BTN ol ARy i e
t hend HiViRH FerfontipBeti pPRROEDY 6t thairtcentent Bag) S1 and S2 consist of three
di rections. Sim’larlglto m cro-coil M3, :
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COMrbpH akh O811. THRHhAROM Beteicdsi Motk th hepabid/field € be manipulated and
gradient are equally focused at the tip of each

pi td have thepoint ¢fmgaiimuims field shifoin pesiglennAghfereace hesween S1 and S2 is

ang gradi ent. bej .t j ni i stri.put.ed th
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15 {nh SutRtaB QIS sdiraad v, didept IB@%DCHB dGield bfidicat isTamed af the tip of each
e r

| oop surrounding 'the pilTar in coil M produces a

| apifler awsl/bie ghirenteflpveng faeughrihe frrayieandhe pragrammigdeso that the magnetic

bondi.n ads. al 'ow external cqnpecti t . .
o Bl e BF ok 2kt o Tl Soer, FAOES s PE bt the micro-coil
ey biide MdenéthiepABLRS fﬁ%n@Plab@@o pI¢EMBHIAIB1 hith BR AidBarticularly well
for exanple, trapping small particles and guiding them )
t oswiteddotitappisgsimalbpartieles foghd ﬁhfed@ppgwca@nt@gtweélﬁ ag Hie ferromagnetic
magpetic pillars. Thus,.if the. coil £ S0, Us -
20 onifeis, o isp uispring op drski) BaieTer i BeomiRBP, b one spira

PO&Hi&rb28a t8hndther B} plogfasnrtiig e &Rt RthelkVilaIEIEMHAEH cainections to

desired. [054] Refeerring next to Figures. | e and If,

t hthese ingcrofnoils are Bde @t ovier ponding peds 01 J) swidch gricgmected by leads
These m cro-coils,are. both ital ty coils .
colHRA0 GBteE PR ¢4 8Py oL RndIE padh (Tl fts ohmected to outer bonding
fe r@,qﬂﬁi' Idsl(pys (19) at their centers. Both Sl
ang&%Z con istle%)dfS @?ﬁee
25 [055] Referring next to Fig. 1g, there is shown micro-coil S3, which consists of two

circular, independent, spirally wound micro-coils (1) and (2) that have a centrally
positioned ferromagnetic pillar (19). One of the two micro-coils (the inner coil) is
smaller than the other and is centrally positioned within the inner circular periphery of
the larger micro-coil (the outer micro-coil). By alternatively switching the currents in
30 each of the two coils, so that the current is ON in one micro-coil and OFF in the other

and vice versa, different magnetic field magnitudes can be obtained at the pillar. This



mcro-coils, (1), (2) and (3), connected in series,
but any nunber of such coils can be so connected. The

woewosae21ef coils so connected affects the phaseCDSGLu0£000184
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current as it passes through eagh coil. The phase
differences allow the magnetic field to be mani pul at ed

d t.0 have the. pojnt of ' i el d shift. | . .
DoBrtgAr dRighy FepmicUte e ' afiwoeby hipheriqles redially by
S PpfdkanifnlH@ the Surddntsiin 86 Suet RSt Ak il YBerdisgibaas (15) allow external

whereas those of S2 are substantially square. A verg5 .
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shifdsede (R angsgoi | to another, which is useful when

using the mcro-coils to guide magnetic particles from
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romone Spiral m cro- col 0 anot her by progranm ng

t h®1T, UHediffeciel dubtents @iah be sehaately stlas onfufie patatloBartiparallel and can
these micro-coils are made at outer bondi ng pads (

15 ,
whbe If frecsamasnerced didiferspt magaifude; dyhenyths fugents e %?Ct?%%ltemaﬂvely

il | bondi. d .
L AR B o I, B v e
nexpatfally Biogh ohdposited © dndtheh Bundifigiiads ¢18)|all6@, extdthal ltonnections to

consists of two circular, independent, spirally wound
m reomisod-Feilst 1) and (2) that have a centrally

posi .l on ferromagneti.c pilJ ar .(19)., t -1 S
) oL AR RAE P o o8 it iy PO 5, of R s micro-cot,
angubich EHRIsts2bE ¥n RASY b @RES cittililb Borddueting Beimenity 61 evteasing radii,
peri phery of the larger mcro-coil (the outer

ni connecisilin parjichby eadindlyi ditaciedseanderingpegments that captgct the ends of

in_each of the two,cpils -th ATl ' j

on it i Pl A R Rireifie Pl I SosfHied 2 e offitr 8 the array
di frier @Rk chREne bidvidds @l dhreRoshdidalebrough thresephiatd miztb-adil segments
the pillar. Thisparticular design s particular]

. 1y .
suidnedo ttheir dgercpuing iteigl tngtho apdhresiviancs, foggther Witlhghe field gradient

ing. th in the out - by’
BoRt g adee i Biotiees b s Hieal 0 ok L sl Pas compared
COitd SricrBLdotHeBiEnt SR didhl @B caER is RObMANILP @68stdrktFhrough the micro-

i nterior bonding pads (18) are shown as (17) and | eads
f r omil elgtent.bondi ng pads to outer coil ends are shown |

s PR L G e Sy e s
ci %gi?il%crcﬁéﬂifsaialb&ﬁg’i‘(%w ®2)Hrer @) &0thk® boAdin@PEdy, F type 5, each semi-

interlaced, wth t 4 N '
spiral being concentric with the others and with a centrally positioned ferromagnetic

pillar and each semi-spiral having an independent current injected therein. The figure
shows these three independent semi-coils (3 phases) wound about a common central
axis and pillar (19). This coil configuration, within its general applicability, -is
particularly well suited to radially transporting trapped particles towards the central
pillar location. As noted above, the varying circumferential lengths of the micro-coils

result in the inner micro-coils having smaller resistance than the outer coils and,



Wi res being parallel to each other in a manner simlar
to the interdigitated mcro-coil M. The injected
W@ osapxis4 can be separately set as on/off, PCT/SG2005/000184
paral l el /anti parallel and can bgsof the sane or of
di fferent magni tude. Wien the currents are injected

alternatively between two spirals,. the | mym P
o FeeIEre. ARl CreRer 161 & S Bt Yol Bfe o Shy legh of coil s
fr QEhQBE 2P 0SiAd @ chfe®Natth&! coilBe idhated MA disen(the oldwidy relationship
external connections to the mcro-coils. [057]

Reteldsi ng next to Fig. li, there is shown coil S5 a

sem -spiral mcro-coil, which consists of an array of

open circular conducting segnents of decreasing radii,
connected in parallel by radially directed conducting
5segments that contact the=€#ds,of the circul ar

segnents. A ferromagnetic |Jizl lar is positioned at the

center of the array. This configurati on provides_ a. .
cul 9+ gThsomm-c% é%ﬁ‘s’?‘ﬁ éb%V@pmg@gwp% B Big'y 1 are well suited
se S: is ne: s
SRS Ao PR ARl LeRBeARE o i
by niiRigpidabadtic sthifg, dubReemihgneic resvnan@a@VIR), afictdimirrors, RF coils
field gradient as conpared to mcro-coil designs in

whiaadh agthations Mizing fleids abe areroayqlyme seale ismot Mgy ghsimple as at the

108 PelEL9ERL Rk 38 LI BN B of 5 i

col an-arra

S e Riksgddy" fite Biall Gme Ofhbfefork dtetugshilérkk ociy. Angrdsal, ateams of fluid do
their bondi ng pads, of type S5, each senispiral bein
comot mnteifere\ivitth eadhe othenand the anininghofafleidngtregmsydoes not occur to an

posi tion ferr netic.pillar_ and C PER oI B S
PagPh5 SR srme hene P e EASHAE PR Tho micro-coil
fi gohARaEheMs db@aRdtdboee offes g npod Bt +¢ Auldmidng by the use of
phases) wound about a common central axis and pillar

15( 18nall Thagnetio particlea fto giir bawidn Smalt magneticpagiishes ean be rapidly moved

licahility, .i i cul arly. i r adj :
P 8 p BRI Bt S B R A Lo
pi lehtBér drostdtPb byevaeingGuabetiectihies. Caily M2y S4 and S6 are particularly

circunferential I'engths of the mcro-coils result in
t heffestiner fori mpving qrariicleragvergsmathidissances svhile geids Shaf2 and S3 are

t he ter. coil.s and. therefore. having | ess current for
a 5?@% veéalgilqv&g%ﬁiﬂgagqr "Figertcﬁ_séc ee%fgth of coil nis

20dengd@d aphd Mi@BRollRlesdHbed Herdil dahde Gl asl Send@@ah@ddetect either
In, then the follow ng rel ationship hol ds: [059] The

n changesiih sxtdmet mageeicafdde onthangeseincindwdanceol @ grample, the micro-
oS il POt R B R Py n i

f 1 @ hictance that results from the quantity of magnetic particles trapped on their surfaces.
[061] In the area of NMR, recent activity has been directed at in-vivo

25  microspectroscopy and, particularly, at the analysis of small volume biological samples.
To achieve progress in this area, there must be a large reduction in the size of NMR RF
detection coils. The coils described herein are well suited for these uses because of their
small size and because they can be fabricated by means of standard integrated circuit
(IC) process steps. The ease of their fabrication makes them particularly attractive for

30 integration with other electronic components.



m xi ng, magnetic sensing, nuclear magnetic resonance
(NVMR), mcro-mrrors, RF coils and actuation. M xing

w0 bawsds2194 t he m cro-vol une scale i s not near| BCESG2005/000184

sinmple as at the macro-volune sgale. At very snmall
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I've’in noving par ances.
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t hed riReIsdI ARGEEmbRAL Inr @S5y f:ﬁ)cégsorﬁlﬁlﬁﬁleq lelﬁdltdltv&‘rs@fmlcro -components
magneti c g?rtl cles trapped on their surfaces. [061] In
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reduction in the size of RF detection coils. The
c oiVEROwperseqnitdyesites en &w@s@at@,el’he eoiflis tab thegreceptes @te\as‘ében energized

because qf their small se.t

259 ey B0 e maERe Dl Pan O Ga e Miting enerey o
(1 GhtP kB eHE SnBRBentING pRPEr PbsitibRd fonf RN klRtrh@Nand to guide the
makes them particularly attractive for integration

wi chmpetasts t tose pesitonse AHoerssrasy, [additionplsmicie-cails é@mye positioned

bee dl Sﬁnpiﬁ%%’ﬁ(ﬂé& e tglgtgﬁl#rb(f Cﬁ){% ﬁ%g%rhﬁogﬁlfﬁa 4§ %he positions of the
f a%p %'nﬁ&o%@'l@&téd"ﬁ&ﬁe e&Vchor kitesd OnB@#d Micro-components are held

i nt egra ed into various comuni cations circuits for
andh RRce byl the anicomenil posaited meagnetie Sieldsj they dagdre ere permanently

abo n als sed. as .ac 0 rtin tr

A A7 PR SO Y B B B0 B Ay B TR0t B o micro-coils

M €40 b1 %dsﬁ{o%e&r&l M 50RARIAD! FSRRAPWRLES tife E&H%&a@f A plurality of

systemt requires the exertion of such |ocalized

f oideatical Bhiestrates, for example, can be provided with a fixed array of micro-coils and,
when the micro-components have been guided, held in place and affixed, each substrate
can be removed and a new substrate put in place for a repetition of the process. The
process of assembly, which is qualitatively similar to the process of magnetic particle

trapping briefly described above, can be carried out in a fluid environment to reduce

local surface interaction effects.



m cro-coils can exert forces on mcro-nmagnets
fabricated on the back surfaces of reflectively coated
wo b@gitkdied nenbr anes, thereby changi ng t he shapPCEH8G2005/000184
optical properties of these sysigns. O her systens
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are sw tche f 'di%vafl es_.and,. m cronotors. [064] Yet
CRCIIpt -Cojl 0CESS.

€ C 0, A0T1CaAT10, L
QB QL ey O : : 581 assenbl i es of

t heodd esete dof@iMbs OF ail Of thé fnders bfls aesfabitated with taftirsss-section of
proceSs, nultiple and diverse m cro-conponents

i ndighi aspedt iraticf, abmiekyak 04 but 8ia xatie icaw be higher than ghis value such as 1072,

i ncLdi not _Li mi oV - _
RO D T
5 COHRQ ;ﬁgxféhgg ) Qs RBtaRRACHP F6iehif@ Thd o9 fi@da Whitkn 38O &(desth into the

mat er m cro-coils can be positioned at various
r eselptrate) of 1@micnng frel swirkh,rwi & 3 Miwonsy prasluging ateesss-section area of

receptor sites, when energjzed by currents, ovi de . .
magH 8gvaEe pueTans.ilhe SRRANS SapW e BRI Wilgﬁqgﬁg%faﬁons is 3 microns.
bi Rdi . ent SHORES3 mi d
o80SR I LR PRAGRLD Sl Hoer micons
t 0 st SECRAS I @aeral]l honecasshayd vaddi tvaey)ads long as their ratio d/w
m cro-coils can be positioned al ong paths that

10 aprafereblyeexeends §(ii- ddifcaeontetiyHane| iy Seiabio e Mesfaprcatiqe process fo

posi tion f, the tr ' ] - CQl . t :

P B Je ettt A Bl AT Rl Bt e ollne R wpper side of
Pl @gLcdily whith iFtH 9dE6f dar@eneid. ethegfoahity of theldds: and s dimensions
they can be nore permanently affixed to the substrate

by appliedoins theoreimmes belomi glsessitenbifips the Presess stepsThyd enhances the -
oSS RSB RS P SRR Gofgroces

15 sulpgdg] at assferkial t6XAEP2, Gheredp shOwR a0 thelagtiyillRtratidn ¥ffbpresentative
array of mcro-coils and, when the m cro-conponents

haveaghelaniigdi litss thai eirel produgtdaby 2 singlatoppxaFondygser of three different

substrate c r ve n W S ra [ .

S BRNEF o S50 DB ETS BE KO REEHE U s raic of o
as$@MRitich WoitBE dspedt Uatib t dobElfyr SeTekanipleo illirating the invention,
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20 o PRTPY UBRETIFRLS %%he M cro-Coil Fabrication
ProgeRs- THES herbiths GINHY Ghréededfatidatio ptdtRss are provided, version 1
m cro-coils are fabricated with a cross-section of .
hi ghrrespoedingr tat coils demmesidy wity 81 without e fermernegnetipn mlar, version 2
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form ng e coll a thickness, d, (depth into the

25 and ease of visualization the figures will schematically depict a single micro-coil

element and a single pillar formed thereon.

Version 1:
[068] Referring first to Fig. 3a, there is shown a silicon wafer substrate (10) having
30  an upper surface oxide layer (20) formed thereon (also referred to as a first oxide layer).

Note, that the wafer may also have a lower (second) oxide layer formed on its lower



substrate) of 10 mcrons and a wdth, w, of 3 mcrons,
produci ng a cross-section area of 30 square m crons.

wab@sapaed ng, s, between turns in all coil PCT/SG2005/000184
configurations is 3 mcrons. Thigs, in all the
parti cul ar exan‘pl es illustrated bel ow, d=10 m crons,
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fabrication process are provided, version
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15 di gbgdht widh, @»gwm@wﬁ Mﬁfo‘ﬁﬂnoaﬂo@g fertr@rhp BYcagset the cﬁgutesls a vertical
with both a&clar andabackc%ate For_sinmplicity
anerosasestion, sqqawtxalsultmalt fen @W@ﬁ agid 1$00nnected segments (30). At

SC h@ﬁﬁ{a cfflt%é/ c%f t?eﬁlél!r; gﬂl&ngls <|93(1)t?] ! peﬁh@%?lntfo tfE ﬂ-eﬁch there is

Ref&fxfeﬂ raggrid bﬁiepbﬁtd:tr&lchas’i(seé hg GalfSr shoverhendsvibvadnhe grid, filled
waf er substrate (10) having an upper surface oxi de

| ayéth Q) form areesh). isBpwn Aereafos SRy 8¢t 12 ﬁgelachr (2p$). The single

oxj de.l| t f i V.
20 75 S by B 1B O gt el Btael o G o0 of e
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on it for use in future patternl nﬁ processes In this
pahongmltzély m@@ﬂtlﬁénﬁhorh dinewrerertion| (inafenibh élien@feﬁrléﬁeﬁ to form a

CoBoueaes ety Roliap sttty it BBIARETEn and 4b. The

V"aﬁﬁérs&ftloﬁé of th%é?b MOV tRRIcA& form a grid of trenches which are ﬁlled with plated
25  conductor to form a conducting mesh. Each of the grid of short trenchgs that intersect to
form the mesh ((210) in Fig. 4a) has the same width, w, and depth, d, of the micro-coil

trench, but its length depends on the desired cross-sectional surface area of the bonding
pad. As is shown in Fig. 4a, there are both outer bonding pads (15) and (150), inner
bonding pads (18) and minor outer bonding pads (180). The outer bonding pads,
30 typically used to make connections to external circuitry, are on the order of 200 microns

by 200 microns, while the inner pads (and minor outer pads), typically used to connect
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m cro-coil conductor and for a the formation of a
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suPPigE dopdingepadayaaeh Hfdhe ipkricrngsitreachicst vapld b japgyoximately 200

R

5 Undp%@kﬁ%elsz lid8ndTit 1p0iThebd @BAEHRS vAllebd ifille@rwith a conductor
(al though they nmay be curved), they have at |east two

enduring theyfilhal/he ghigeo-enibitrénsh tonfosmraf meshsandribe miesly wilhthen (see Fig.

RSt 1 BB T i e o e o
t 0 tleh @) Ghat Woliabts (e EDb e SR hRFITEGL ﬂilqﬁ)n‘hrhebonding pad. Note that

trencﬁ?. Because the figure is a vertica
cr s this amt other, probessimgrstapaunersy ¢ty canrtenapprepiaéely gseaisto form the

Ly ) IP—

Ny izhsntf 4l i1l al dt
B S L o8 AR T oot
gr sk préferiea dimérshorLofithe Smmdrttngmmidny-cot hote févered, thérein. But it is to

sinmplicity, as a single trench (205), The single . .
trbf dﬁldea%w;i fhat J 94k i oBlyd SHaRplay Bl gAY agpedt patio exceeding 3/1 is

cr - f iQnal - (30 f in i C; ' all oth
trgﬁ%ﬁfa%geubg&t %e%%%@hgleeéraefp{rhgsfélgtg%tidlnbn o% g%’;’1%glr|§ g#d onet

15 or prefgosiabmbbdimeatnivabieythe nt0#3 sepdot matics o chodenn éeer trenches will be
vertical (in depth) trenches used ;‘g form a

cofmedariy pidd. Weoh 3mBiransnadrRihhad 10dpicronsandihien portions of
| nygfd @%ﬂ{cﬁ%r égac%ﬂ{jto%%ch St r,'a?ge?%réﬁ%ggyaﬁﬁfg#. "&RGeometrical pattern

short enc orma grid’o are

fi bf égk tvénichespinaludes paiteshscthatr wilbfolar the partionkdr coil designs, as described

mesh, Each of .the grjd of.shaort trenches that . )

i nieFigeess leg, that s Prwefalgicateds E?O‘iea ag?‘@’ a%gﬁxm%@e‘% ffegreater detail

Sagp W | i, Mol e S §8¢dRes is formed
20 bu??%g{:t(ﬁebr?gt thgg%é%gg&g%g ’eé}glae&sdlﬁr?oelg1 {g{e%ég%é&:wonal es 18 forme

sugf the @ndy efxhe initdoecoilarahich,gwiniahl medls patsers dlsubseqiendly be filled with

4a, there are both outer bgndi ng pads (15) .and (,15Q), .
i nfdr andosayrered Byad §01e§1@}m&%&a¥ﬁr A8 PeeRme A 99BdAtRg 19agRe pad. In this

- (1803 s*ﬂ&ﬁg&#éﬁ%l}g?so N NG dPGE FendnéPiaf 3hd ¥nd %h%gth% %gf&g?ﬂ trench is

connectio érnal® circul ry, are on t

20@hdie et diyel2@endéh @0S)s, while the inner pads (and
m nor outer pads), tégi cally used to connect.i nner coi

25 end®0dy Referginggeridadasds, Bgreis showa thegronshes (34} end (2|0|5) of Fig. 3b .~
i BP0 Aty Soe R Fbshial e Sig] fgmation of a -
Me$fyef @bmPBsed of an insulating oxide (32) formed by a method such as thermal

oxidation to a thickness between approximately 500 angstroms and 4000 angstroms, a
T1/TiN barrier layer (34) formed by a method such as sputtering over the oxide to a
30 thickness between approximately 200/200 angstroms and 2000/2000 angstroms and a

Cu seed layer (36) formed By a similar deposition method over the barrier layer to a



outer bondi ng pad, each of the intersecting trenches
woul d be approximately 200 mcrons in length, while
wao b@stizamches for inner bondi ng pads need onl yP@ESG2005/000184
approximately 30 microns in length. These trenches
will be filled with a conductor during the fill of the

m ¢r.0- cOi trench, t.o for mesh _and .t nes il

i G B3k el Serot ity B0 o B S B D0 RE e thre faers
( N@bnfbRhABHcRVer HeQxHEE stdR i WoltbmASerich Ishfadedd @ tHeatilh)-coil trench
that contacts the end of the fornmed mcro-coil to form

a lbohdhnbopdivg phibmeeshiratteimof memchgndndiupeer pride sughgeg These three
st eps, many etchant.s can. appr onr,. at el sed form ...
* hoBEeEeu e et kel oy it SriatRR of Gp B witin te

5Pl agRBest Ching. The trenches, in this exenplary
enbodi nent, have an aspect ratio of 10/3, which w |
al $71¢or rRefaving reat tchBigp3df thereetd shiowarthe depositiont bia conducting Cu
conducting mcro-coil to be forned therein, But it i . .
t o laver (404D paesag thnsbstiale surface g 90%’5%8%%‘#91115#&6 E?RF%GS in a void-
as . .
VRS AL PR 0l b9 A SEREPRLE DGR LPEH Ay wnown

ot Iy arpaed il edt beldesrived i fvier detall cheldhh Fasqbaity in the figure (and
ratio is chosen, the trenches will be fornmed wth

a o
10 wi gubsequent gues)ihe entize trizlagensienosition, glenated 320y GAband @6) in Fig. 3¢

when _portio of, the.trench ar. ' to qe :

ot FF‘eP,gWaée 8ge§r Gpfegtively a3 r&ﬁm@? %ﬁes&mﬂ%%eggegg nagﬂtdrtiﬁg ZLFI ee layers will no
paderbodiffel@tibfe@nches includes patterns that will

formthe particular coil designs, as described in

Fi §072ds |Refprringheext 4o Fipepagtheehts shavay theafabrisetien subsequent to a
aboye, . d expl ajned,in fer.detail.in nnecti,on
o e g B RSP S i R R e encs

150f cldcrBSIBRE Ciblaf &' t)a.i Figh8dpadwelPhs tdiBpaite fl@eﬁgg) from the upper
trench,” which mesh pattern wll subsequentle/ be filled . .
wi tshbsGatesorddized, surégehgndalegmtha 6iu, mgvhdanatedr(4@where dfwsmains in the

a canduct..n ondi.n 1nl N.thi.s and subse

Fi e fibe A n ] 710h Bt el B B ench, surounded by
m %g@r @388.' Thé ©MD alsp Alaead 8@ e ssiftg! of dxidRer (20). It is to be
(205). 70] Referring next to Fig. 3c, there is shown

t haotedéﬁas [§8shas 30 psistivity(f 3552 1 crri(gricratghaneentipystar), approximately 2/3

substrate syrface oxide (2 bsequent t o

20 _sea??é r?? Pare %{L _rtilﬂgﬁoéﬁ 1%?“&“%&1 ﬁgﬁ?g qucei'?‘%g <ee ta!c?)ﬁ?n Hfetime of up to two
| NSWledd bBhaPXtiR drebtor tha KednRMdRioRECGS wideti uesd in VLSI integrated
thermal oxidation to a thickness between approxinately

50 @irawity Ebricationaring@ppendaysascatesr dyalidgmmassensanetaliization processing.

| ayer (34) f.orne a nethod such as utterizng..over _ . .
¢ n e eeberion e bl pessi Ehdin e 3R Y Bigymicro-cotls
ang$ iHeSseANivafiRye 2000 angstronms and a

25 [073] Referring next to Fig. 3f, there is shown the fabrication of Fig. 3e with the

subsequent formation of an approximately 1000 angstrom thick oxide passivation layer
(50) over the oxide layer (20) surface. Windows (openings) (55) are patterned and
opened in the passivation layer to allow the subsequent formation of a conducting layer
on the Cu bonding pad mesh (210). A plasma etch of the exposed Cu coil at the position
30 of the via window (55) is required to remove any CuO formed on the Cu during the

processing that could interfere with subsequent electrical connections to the Cu mesh



Cu seed layer (36) formed by a simlar deposition

nmet hod over the barrier |ayer to athickness between
wappsoxiismt el y 500 angstronms and 2000 angst r onBCT/SGBE05/000184

three layers conformally cover bhe exposed side and

bottomtrench surfaces of the mcro-coil trench and

t he_bondj,ng.pad mesh pattern of trenches and upper
oxi%brgugtb#hreg[&%)p%e three layers are required to

al liey)a he@Brritigaddxt Yo i@ t3 o) ghede RO Shdvind theofabfibativd dSFig. 3f with an
within the trenches. [071] Referring next to Fig. 3d,

t hedditionals hehwaquene deppsition | afnaopatigrnedn eenduicting dilayery avhich is an

00 NS T 10 A A RO D s v
51 S LRSS RRAPYiRN Qﬂﬁ@ﬁe{s? el éend appirOEiffsely MU0 hed WObO angstroms

known in the art and wll not be described in further _
detfalldwétbbea depdsiioncoaer ithag biarrier Aayef ofjem eprraxignately 1 micron thick Al

Dt (TS i Rt S il 3 WSS BROS L LS Rimately 0.5
[]. ivel i A= .
;AR ¥ ol TRE Ty iy @by ifledr s o CH fifld bonding

Refpad rhéxh (248} ah® cbingletdethet Budiding pads fopmativies discussed below with
fabrication _subsequent to a chem cal nechanj cal

10 poireferenae tq Eigptacmdidbe lughoatd bepaderstoed Siat the usq of Al in subsequent

renpve.exgess. el ectropl | e [ [

ap oS R PR TSR R ol P oF BTy i o st such as o
subst bANg BUIddilEse be svéd. ates, Al lagerds tub@l € forfioWads from an outer
denoted (40) where it remains in the mcro-coil trench

andnigenetibdnd 2009 banding pad hawnres (170} e Figr 43), conducting bridges

trench, surcqunded .by. | aver (. o1l .

ol SREFepabe EERG ot A S aickPloot B8 rfphaf Gpding pads (shown as
151 s (1D ReriBoagtarddniatiofed@sa TiMg Bikyérvivey e Cl mleshn®iown as 220 in

(mcro-ohmcentineter), approximately 2/3 that of pure

Al Fignitdaddne to repmpieintthy bondingapadsnthemselveso nilipsaitsirgpiures are also

lifet.i of Lup tq.t anrder ' r .

. S B B et 08 AT SR MRS FRE 1 e e

Ci 1 whik fgals, i(POY A(70F sEEnERPIBY rhad¥BSCEING] [le. Addn Ti) over the Cu

damascene netallization processing. These properties

makessthonzaack ancef thg Eousicnereeil Fandipg thelagers fayise Mhegicknesses noted

the_mcro-coils. of .t-he present i i 1 .

20 S SBeg o Se BFEARRbady W hnslliahee iy with refrenc
f ahy FEaULYRIGH. THsHFurtBe ﬂ@téd"thhhﬁlcﬁllbﬁ@iﬂg @ads &y pitlkd @bstrates will be
of an approxi mately 1000 angstrom thi ck oxi de

passed an isubselqugudrengizgliments rang hwilb e thea yame (t]g'glynesses therein. It is

ggélg}agr%ﬁoHyi\ZtﬁgtO\és 'o\%gl&!‘og%ﬁ? g]é,a%‘:ég t\%[lzlilzf\)%fé t%hg‘%%ya&dends and certain
SUbSRAIEN! sEREITIdGIRly Spifal) AL haVe Th@RYBF (to the outer coil periphery)

25  ends and exterior ends. In such cases, outer bonding pads must be formed exterior to the

coil periphery so that connections to the micro-coil do not cross over the coil windings
and possibly short-circuit them. The Al (in the form of an Al on Ti bilayer) is used to
form the bonding pads (shown in greater detail in Fig. 4a and described in Fig. 4b), and
it also forms leads, called bridging leads, to the minor outer bonding pads from the
30 interior inner bonding pads. In addition, the Al (or other metal) layer (as a Ti/Al bilayer)

is also used as a substrate (or base), (73) on (71), for a subsequent ferromagnetic pillar



on the Cu bondi ng pad nmesh (210). A plasma etch of the
exposed Cu coil at the position of the via w ndow (55)

WO g005aep1p4 ed to renove any CuO formed on the (RCTEG200§000184
the processing that could interfggere with subsequent
el ectrical connections to the Cu nmeshthrough the via

openi ng. 4] £l n | , »€ 4l
PSR 0 p ) B g B . i
subs aqyanin AEROF Bilager, dénded B ADI26 @dubstintti@tbasgfor the formation of a

bil ayer, which is an approximately 250 angstrom t hi ck
patfereamagnetie pHter is prrticalady advantagequs poeapse B tactyraschcatalyst for the

b d with a_thick i _
5 0B afateSh TBsosiobr Dol CARE Ther Bt AP BARR ¥ SAIBE Sl Vptating of the
stAI h @liua?s’arwm@ﬁ otk nikeRMTHRPRIRShABRGEhohslondi 61T 108 Alhéubstrate for the

ayer (72) and (73), which can be formed with a
t hiptlkanedapokitibmeianthapsp esxiphes ehyges. Bomi apyexigiagelg 10 microns to 90

m croon. The Ti /Al il ayer thereby fornmed covers the Cu

{1 G B e FBOK St 005 SRHe B E G A dauait of betagonal. It
bondi f ' [ it :

Rk BB’ gl B SRR BR ) UL Bepningpoon e ol

t haizetoi¢heysiBarof Al i n subsequent steps has been found
to nmeet the objects of the invention, hut _other

10 nﬁt[%JSs], Refrriag Tt I FIBAhAeRt TR o, Ebricen phFig 3¢ with a
t i . . . . .
By PEAARACTI GO0 BBLEN 7 i mai

Fi guciftad berz0bflsHutede (hereigeer Rférveden dsiBRCB))tsetviesto prudect the other
of a spiral mcro-coil and peripheral bonding pads . )
( seviipnasof( the)surfaceifigm glertraless platipgrafed fersoragnefigypillar, since the

bi | ayer over .t he sh _( 28 4 N :

to P &Y 59ied oMl PR g B AL Wi A2V Bt "R Jevef 36Hhin, betwoen
15 St agpiosiffteldeandl SMidrowh, 6ad BthattBrnel gup8utaan epeningd84d) over the Al

h as (15) for the bonding pads and (17) for the )

br isdlgsizate (73) pntoswhicl theepillprwill heyplateds The plasefmpgngticynaterial of the

repeesent, Ti [A (. e, . ' Vv e on ...

cadhB N prop e B Hebiofenhlipld yIFEltaWniime to grow

hawbee: theeayeh (805 Testhe desicidadtat pgth ofTapprdxdmately $Mmidrons, to form a
t hese bondi ng pads wl] be djscussed nore f uI,Ie% W th ..
r efreyshrrom tike pirgetugtasiEpgtgted i the follwing Kig otiely it Aeted at this point

sugh ndi. ng._p | 4 r-at L bl

207 by R0 R AR AR 158t bk 20886 t om0
t hinsikpessiewithb@refeironlanétic pillae Rglichoslséd hatembedinginh of the invention,
mcro-coil shapes will have a plurality of ends

| s and .
cerin athichrgase thedaiAl depesiden (T3 pnd CA3) af thy piklarsgbsirate voyld be omitted
have interjor.(ta the.outer coj ef.l Ly) ends and
ex Ornigc“(l%%ﬁ&f.ﬂialr gie%‘?f&tﬁoncs %pégl,o“}oéﬁ tﬂé%r(fel%%%%flhg pads must
be [f16]me R &Rz ekt {00FTehSi, @Rird isP@bvRhBE Yorifitibh@y electroless plating,

connections to the mcro-coi.l do not cross over the .
25 coiolf aNig@iPrgj8ar (90) onto the Ti/Al substrate (71) and (73) as discussed above. This

pillar, which can also be formed of other, highly permeable ferromagnetic materials, is

plated to a height between approximately 10 and 50 microns in these examples, with a
small portion being within the BCB layer (80) and the remaining portion extending
above the layer. It is to be noted that pillar heights smaller than 10 microns and greater
30 than 50 microns are also suitable for meeting the objects of the invention, the

dimensional choice depending upon the application and coil design. The method of



and possibly short-circuit them The Al (in the form

of an Al on Ti bilayer) is used to formthe bondi ng
w@ads/1¢abown in greater detail in Fig. 4a and PeEsGloed00184

in Fig. 4b), and it also fornms bgeads, called bridging

| eads, to the m nor outer bonding pads fromthe

interjar inner .bondin ads. | dition, . . )

ot PG e S e arl S bt bl s

as [y uUbHdratitg Rkt RAFRY) 3j,(thdde BhoWh)the fffHirication of Fig. 3i with the
subsequent ferromagnetic pillardeposition, as w ||

be
s heddtitipral patierning afenaipening (§5)pver Bie-Ti/Alrkpnding padase(§) and (72).

'kl)'l A-Ig—ah;l t.%ég 810 Lﬁﬂ@% @&’g?%o%)ﬁ%ra@rgd% ft)%%i# g}/ Fe%p%gqeo? gﬁoe\%q) have previously
5 Le bEQTREAEA hEsHWN iR TFig S §%ﬂg‘ with el Y rrAthAT ARG Bstroless plated pillar

ecause Al acts as a catalyst for the electroless
depasi andahe dbnding ked. Bhedeadshes, dharely, alltensieddedbereath the BCB layer

sel ective plating of the pillars, which confai o
o G301 Thericad b mash e o fhgnst (s DEF oV AL Ctls apd e passivation

for { L.l ar POSI L | [ g ARgES
| EAl35PL b8 SRS 0 G KRR SRR, Wit
hobiidging alead 19 IReeat/i dopahdssbaphes doflathapee Sach aut@mection will be
square or octagonal. It is 1o be_noted that other i

10 sypehematisally HiwEatehdn Fog Pebddewd It isapwemtasg taberriaip geometrically
final size of .1theqpillar. . ing: .
ri S P e $pah bR HAES TRl P sl dydnc ovter periphery

a pPERaditestoil aad iHeSe BisefintlisEbeedrnectell By diidEHig)leadEhéd donding pads
| ayer, which is a dielectric material such as

behexucheperinbesy ¢fibe edihafter referred to as BCB),

¢, L 5Py L T O A ovrnd view

15 Si BEE sqitfe BhirHl nibrol i@ B0Y £ tAE kibstatel f6£a Sbntha pHlat g@) .such as that
This BCB layer is thin, between approximtely 2 and 5

mi ferored, in anepril vifhathe erorsss stepsdeseniiess dheve jieRigwees(B4) The overhead

over the .Substrate (73 0 i eh..th Mdar wdlq.

e Virtgaty RBTRH Pl o sl Witined G0 ihE ol g mis oxampte

Wi hhvifls Q¥dihn3 thigtohy, dWatidpbetiiden sdiadehD¥oiDpeithdigs N8l microns and a

wi ||l then continue to grow above the |ayer (80) for .

t hdeptbsifl@dnicrans) Thasageits esuldpplydei seen 8 sepsigy e sToss-sectional

to forma shr.oom Li,k tryct yr s idlusirated |n o
20, sesp P R 39T FSle or et o Rhigifmodagnoto pllaris

t heyrHeaGES)Sis ShEPS asthb eambd efathé Yoil.| THeShiicead of heFC@EdiER connected

3a-3g can be used to forma mcro-coil wthout

a .
f eta el inpet bendingwpadc( 83l whickis @ Fivdd bending prd bilayer ((72, 70)

inventiqgn, Jdn ich case the Ti./ Al sitign 1) apd..
(7% i S S o L B FriP s PP AICBaR v i et B i 4b. A
Wi triy A B@idpinkl1edd [d9P IeinkddONosd GRA tROVOAEn PBadibisskt, PRSkes over oxide
[076] Referring next to Fig.” 3i, there is shown the
25 f ocorerédbmicrbycod Ivdndings asbkcqmnedts thg, inner bonding pad (18) to an minor outer
Cu/(Ti/Al) bonding pad (180). A further Cu filled trench (175) connects the Cu mesh of

the minor bonding pad (180) to the Cu mesh (210) of the major outer bonding pad (150)

which, after being covered by a Ti/Al bonding pad bilayer (200), is used to connect the
micro-coil to external circuitry. The outer end of the coil (16) is extended and connected
30 to an outer Cu/(Ti/Al) bonding pad (15) identical to (150). Note that all trenches are
formed at the same time, with the same width and depth and are filled with Cu at the



of a NiCoP pillar (90) onto the Ti/A substrate (71)
and (73) as discussed above. This pillar, which can
w@bk@s/ 194 or ned of other, highly perneable PCT/SG2005/000184
ferromagnetic materials, is plabted to a hei ght between
approxi matel y 10 and 50 mcrons in these exanpl es,
EIP% portion being within the BCB | ayer (80)

é e rerral ni ng portion extendi ng above the | ayer.
| t [0W]t O Iefenbicefow Nat Figl UbakhdaeiigRhewa nml belbrgedamdl@ore detailed
m crons and greater than 50 microns are also suitable
f or’veﬁtcek pregs-sastion of edyrictlfCw/ /ALy bending pads fsh as outer bondmg pads

O TSl AR TR RN SPBHE bR o) i

5kn %ﬁrdnee tGuted Bonditk pad (150), & B§1@d"1h§ﬁ§d femByidatddnas an Ti/Al (Al on Ti)
detail. [077] Referring next to Fig. 3j, there is

s hdvﬂayﬂrr(éO@)aﬂorm@hovarrandfcomagtlngSa G mhsht ﬁéOhdﬂ}t@ thah ge Ti/Al bilayer
attern openi n 95) over_ the Ti/Al, bondin
PRt it (30 & G 8 Hieaforieas s FRaBiEl gt TBves (70) and (72)
S h‘?ﬂ\@'} %r TEE C9hBG, i 3@[1 ﬁﬁle!i %Q%f Q)%Bg&ﬁ‘ﬂ%teﬁ@é’tﬁlg trenches (210)
previ ous een orne as sho in Fig- 3g along w't
t hesn:fbeddm]tﬂocme sfmd deptieheibe nokwsoilpdratchdvithih keersubsisxe and formed in
and the bondi ng pad., The_ | eads ar e, thereby

IOg?mg@hwggr?@gtlﬁl q:}wée?@l mapasr togh Z orpppélopé}f&gg plated Cu micro-coil
okt PO g U, Wiy Qe S rne

as sleriained byeahé pyairad slatatdiaf dfaﬂsbor\fﬁﬁg pad aml ‘bh(bségiep’gl and width
| ead i s necessary depends on the coil shape. Suc

corthée sae o4 fhat 98 t&ecmwéd:mny i Tidhl htlasgr .(%Poﬁq @f slightly larger
4a 391% %Vg.ree{ Ehafl %h ?(# l%ﬁ %}1 i$fle L%Hnd&ﬁw h:{e' n&&hl Yhe Ti and Al
hape M CF 0 COT ave bonding pa ases

15ar erd ﬂe;esiltwmtaasmgle el Subgequémetdcitical codirctivns) suchaislwire bonding
and these bases nust be connected by bri d@aﬂrq? | eads_ to )
bon"i@i iDsEPRals corepsatst foampd onph PFiptedf CiFqye arpangde to the TV/AI
e [ e i &
RSkt F10 0% dhP S BERETEL 63l pad mesh o

m Giiterseciing grid 0] tramdhes, acls hbgihg abhe sdroe \nadth@mﬂrﬁbth as the micro-coil
p| [1ar (19). such as that formed in accord with t
deady @@@gi becomasimengienally; Fprmvag*ablsgfeapljatmgrwmoses) with the

20 OV FIFI PQJS@?.B lv%fﬁéeﬂ %hg%?il{ @51?% t;ﬂ%’tgd glg gg H%Py Qﬁ%& eous within the

WI @té@eﬁl fﬂnﬁHhﬁBﬁ thapabe ngubmes&eamdaqﬂaee ntoit oark formed substant1a11y
segnments of 3 mcrons and a depth of 10 m crons, The
coﬁ%‘lléa@@lﬂlflﬁb Anyparllel sath) aathie fbg fbsicyiaen progess. It is noted that inner

%ﬁ? Plg 4 5%19 %ggdg)%%%ﬁfﬁ( ﬁh%e };Igsf LEhEA s aée' ar‘;[;{]@f the bondlng pad

erromag ne

f ObilRgkr(thit ihé SndegeE @i ndckteiscBRh&T inthe %dﬂﬁe way |and ﬂHe&mdth and depth
i nner end of the coil is connected to a Cu/(Ti/Al)

25 neétherndigidvgl Guanesh glementsi is khei semg regardlesefinaerall aseee although their
bi | %}/g%‘hr n(xéy7 1ffe7o)

Version 2:
[080] In this version of the invention, devices (including micro-coils and micro-coils
30 with pillars) are fabricated on the upper surface of an oxidized Si wafer and are

embedded within a layer of dielectric polymer, such as BCB or other suitable material



in Fig. 3g) fornmed over a Cu nesh as described bel ow
wth reference to Fig. 4b. A Ti/A bridging |lead (17),

wo eoosazkisd ong wi th the bondi ng pad bil ayer, paBSESGDMEN00184
oxi de covered m cro-coil w ndings and connects the
i nner bonding pad (18) to an mnor outer Cu/(Ti/Al)

b j . f i . : .
e SR e N —
t heeoy efibeliddd?d@hinod thible 1ave} of dizldcaic pelpsier)gh@ads @1ldgter range of

whi ch, after being covered by a Ti/Al bonding pad ) Lo
bi |oRjiens foz@ey of the miswedeails ie eeriBRgtion et ermicspgleqtignic fabrications

X BRAR 1GE nbe B o et bk Mht: ik it i s
spadairddliohsle ok Cakarhple( 15Q) -enl¥eli@inghdicladthc t peRalesis particularly

are fornmed at the sane tinme, with the sane wdth and ]
depdnardagbons ewhér | the wiicrh-coll devietelsate e msed [ B7 $pnjunction  with
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[083] Referring next to Fig. 5c, there is shown the formation of a dielectric layer,

which in this embodiment is a layer of BCB polymer (70), formed to a thickness

between approximately 12 and 15 microns, and patterned to produce an opening (72)

positioned over the patterned Ti/Al bilayer (60) and exposing a portion of the upper
30  surface of the bilayer. |

[084]  Referring next to Fig. 5d, there is shown the deposition on the Al layer of a
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25 [088] Referring next to Fig. Sh there is shown the fabrication of Fig. 5g with the
subsequent deposition, by electroplating, of a Cu micro-coil (99) within the patterned
trenches (95) of the BCB layer, the Cu filling the trenches conformally and in a void-
free manner. The Cu bonding pad mesh is shown as (98).

[089] Referring next to Fig. 5i, there is shown the fabrication of Fig. 5h with the

30  additional patterning of the BCB layer by the opening of a window region (94) about
the already deposited first pillar portion (80), said opening exposing thereby its upper



deposition of a ferromagnetic pillar. As already
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25 embodiment of this second version without a pillar will be described below with
‘reference to Figures 6 a-g.
[093] The following figures, Figures. 5 1, m, will continue to show the wafer with its
backside etched, but it is to be understood that the remaining process steps apply
equally to a wafer that is not to be formed to a membrane thickness.
30 [094] Referring to Fig. 51, there is shown the wafer of Fig. 5k wherein the second
BCB dielectric layer and portions of the Cu seed layer ((85 in Fig. 5f) on which no



I's substantially the thickness range of the |ayer

(90)) for the subsequent formation of the Cu
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formthe nmesh bondi ng pad arraysqas di scussed above.
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25 t ofaxlthesubistrate, while the nitride layer is used as a masking layer for backside etching.
[098] Referring next to Fig. 6b, there is shown the substrate of Fig. 6a, with the
deposition of a Cu seed layer (85), formed to a thickness between approximately 500
angstroms and 2000 angstroms by a process of sputtering. ‘
[099] Referring next to Fig. 6¢, there is shown the fabrication of Fig. 6b with the
30  deposition of a first layer (90) of BCB or other dielectric polymer. The BCB layer is

patterned (95) with trenches of a depth between approximately 15 microns and 20



wafer to be thinned to the point where it acquires the

properties of a flexible silicon or silicon nitride
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wafer that is not to be reduced to a membrane thickness.

[0104] Referring to Fig. 6f, there is shown the wafer of Fig. 6e wherein the first BCB

dielectric layer aﬁd those portions of the Cu seed layer on which no plating has occurred

have been removed by a suitable etching process (using etchants as noted above), -
30 leaving only the exposed micro-coil (99) and mesh (98) formed 6n the remaining

portions of the seed layer (85). As noted, the substrate is shown thinned to membrane
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Ti/Al deposition (101) within the w ndow is forned
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Fig. 6b with the deposition of a first layer (90) .of
BCBRa bonaressan te|cdeanss e ppperuracerpidhgernqsgd atesh gith, for example, a

p at ﬁsﬂbeé%%ﬂé |%§ )tllaggggd Elreg&%g'lecg)n%}n @%tﬂ ?ﬁ% ’i,q)(&ﬁfagﬁe&n be made. The Ti/Al
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for the subsequent formation of the Cu micro-coil and
wi tambeddekwikinthe BCBhird ielediiedabston of a bondi ng pad
mesh as above. The patterning is done using
phot ol i t hographi ¢ nethods well known in the art and
t heYersibg 3not di scussed herein. It is to be noted that
in this version of the invention, the aspect rati

t hdOBQAl|  ¥emione offba Presefdrvantign ngipdes th @?déﬁl%bpfgﬁ backplate formed
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25  This configuration very strongly focuses the magnetic field lines within the pillar of the
device, or within the pillars, if the device includes a plurality of micro-coils and pillé.rs.
[0107] Referring to Fig.7a, there is shown a silicon wafer substrate (10) having an
upper (20) and-lower (30) oxide layer formed thereon. Each oxide layer is covered by a
layer of nitride, wherein nitride layer (25) covers oxide layer (20) and nitride layer (35)
30  covers oxide layer (30).
[0108] Referring next to Fig. 7b, there is shown the wafer of Fig. 3a now being



[0101] At this stage in the fabrication the backside
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SR EAe R Rion 5 L Db rattes S8 hartip-dpfor this same

( aqamatlotay Pof abtity ia theVistrRfioBChis RidfefedFoRhLI0nSHIl be shown as a
enbodi ment) that replaces the first dielectric |ayer

(9®)ng1¢;amdxfﬁsentlet¢d\1@@r(3&)nt=ler®f7p et8eq: hat the Cu seed
The secon el e tri

20; YIS e et v a6 I Cinthel® BB el deFign oF  Cu tayer 400)

gr abethe! RRyiNG 8N &h8 i Bier &ﬁlf(%n?a!ll? §18hf thé ﬁrbﬁ’ches The Cu layer is
thi ckness being wi'thin the range befween 15 m crons

an dlepésiteil dryomrs cleWQmamwacmmabm wéll tkhewadodhel art and will not be
e substrate is passivated and the
é %@Fﬁ@hﬁ%‘@ﬁ%@?ﬁ? I€%- coi | can now benefit from

gr ' Kef@ Gkt &SFi ?h% tRdrE 1@3‘#0\7\9%% eiRAtGY of A8 sblsequent to a

str Such properties wl
25 chermcal mechanical polishing (CMP) to remove excess electroplated Cu (400) and the

tri-layer (38) on the upper substrate surface and leave the Cu remaining within the

trenches (40) as the micro-coil and the bonding péd mesh (210). The CMP thereby

exposes and planarizes the upper oxide surface of (20). .

[0112] Referring next to Fig. 7f, there is shown the fabrication of Fig. 7e with the
30 formation of an additional, second oxide layer (22) of thickness between approximately

500 angstroms and 1 micron (with approximately 1000 angstroms being preferred)



exanpl e, allow the enbedded m cro-coil to be
integrated with RF and HF circuitry. Subsequent to the

w@aBsiizages formation a wi ndow i s opened for viBCT/SG2005/000184

formation and is foll owed by Ti/33Al deposition (101)
wi thin the wi ndow and contacting the Cu nesh. It may

o ORGP eFLEANR RS A5l o e ot

goGgHlespl ectrical contact wth the Ti/A |ayer can be
made. The Ti/A layer is a bonding-pad that allows
eI d0113]c aRefeoimgtottig.o7 g ¢hare theshownt the fahiricatiorc of T1 with the backside of

r ?gvﬁgeg et(%hg ggﬁtllrl]g/ggﬁgnﬁéﬁ-gg ?‘rﬁl eCttéélgrﬁ%yapl@ &5disgpssed above) to

51 nchdiges éa?ﬁ?r §) b @ r@f(]n?at@fi‘l%ﬁtﬂl @ét%eérpgﬁ@%@fﬁ'@' ﬁﬁﬂré/ns with 550

per neabl e rormgnelc material formed withint
| ovmicress bemgereferredie sili con wafer substrate, u3| ng

el ec roless olatln as has already been lLied tq
pi 1IPEMI oRefgtringn l!i‘?ﬂ&r » thege Faghestn gﬁ niggtion of Flg “Tg with the

t
S BT G OIS, e ity i
th&é@ma%rmlem@@q@ﬁwﬁmhammq@agnetl c-fl ux-contai ni ng
or

circuit med the mcro-coil, the pillar and the

10padRpit eRefeming aeshta Big di.itherevie slyoven thm”gblyca’u@nwiésg 7h wherein a

h f hin th f
SRS Sofint (8 ok B Hebl bl Bk e oAl gamose am wpper
a phifh) bt theaty Eﬁe@ﬁ szalalna B8 BofMih} Pas ha£ B4 tom mpleted by forming a

Referrlnlgato Fig there is shown a silicon wa

subJ§tAlabi y@u@ﬁhw&hngﬂm wipdew ¢@®ctingdhhtomepos¢dayesh surface. The
| Each de | a
o TRty oo T8 A {ohl! E0naE et Ao el %50, agastroms and 1

15( 2RickRVE BaOxlrdhdy | tR¥E debctdbd ABEval Rdrl £ ghor@\iefailed Ascussion of this
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covers oxide layer (30) . [0108] Referring next to
F| donding pafdnase bes thirdismussion alefgwithfFig 3; I addition to the window for

Cndhegr i it BpBiha finddl [ ab Motk Baeisyf aramigp of e Si

t r gibdtRse (199 %r the Yurpds&bEe Mb‘sé@idnt 26041285 h f6:Hatidn to accommodate
bondi ng pad nesh, through the Si oxide and nitride

| ayles ferramaghetiopilltte Si substrate using DRI E (or other

207 dhiRe Eetefidat Inpie Raberah J85EcRe Hrcife ofgig 7i with te

(buldiEsR ST a [t OB) PreRiE rortsﬂﬁﬂar?’&l@leﬂﬂc ]%dgﬁtﬁ%refd?ﬁed over the oxide

obj ects of theé |nvent|on) cor respondi ng
pr édyer (22) tdiarthivkinens é)eb#eetlprmmialfclyl fend 60 Imierods iwith approximately

i dDHEIFONS S AR et RO (e hebresabpimately 55 and 100
ge%EItOElF %@heﬁﬁta}lﬁ ietviten (pBroxiBRAEREH SR {GPRNGS if GialdéGr is etched

particular coil
through the BCB layer (70) and the silicon substrate (10), the trench thereby exposing

an upper surface of the NiCoP backside layer (60).

[0117] Referring next to Fig. 7k there is shown an electroless plated ferromagnetic
NiCoP pillar (74) formed within the trench (72), the plated pillar extending upward
from the upper exposed surface of the NiCoP layer (60) (on which it is plated) to the
upper surface of the BCB layer (70).

[0118] Referring next to Fig. 71, there is shown the fabrication of Fig. 7k, wherein



design described in Fig's la-j being fabricated.
[0109] Referring next to Fig. 7c, there is shown the

wo e@aatmgs (300) and (205) of Fig. 3b subsequeneCT/8Gr00£000184

5al l@%@%ﬁ%}gg@hﬁafw Bh&W & g

10t hayithie ﬂWesubsﬂzate,vﬁ@nm yspd tgy

sequential formation of a tri-Ilgyer consisting of an
insulating oxide forned to a thickness between

T RARICER Bl T RP IR bRdRrBl e d PR GBS P oxide tayer (22) to
t hisekid@S§ 8 PASHVIRIBN | RRPI NI Pildr gy 4) ndROéAEHHsABEE The FhssARfion layer.

2000/ 2000 angstrons and a Cu seed | ayer forned over
t hdOBEN r i lécfetrasgeinaﬂla teFigh 8 dhere issshowneesshemptir dirgran ofl ap exemplary

ARSI SR D RS PO A DEE L0k rnd P filk@scomponent (20)

29itd 'a%céivftorgitec(@l)j Shown in dashed-
Wi thin See a Fig. 3c for this sane

f orontlinieoss aF@ctanguwan byerimg. ttheIlldl'd) oeil r(&@) onshowrhi(glso in dashed line

tn-layeredformatl i1l be shown as
undUfe) SHRSIATe T |“a§ﬂéﬁx%s strate gt ax?rr&*ﬂrpa %fn tg% gfeptor site (30). The

Ejg%%lgll]ot I&gﬁ n;eh{%ﬁ%({r >;Sep%d (ahgﬁ} zlgevlgf Hl[% fic osco?i}b]ﬁiwulhﬂﬁtely affixed to
( 3@Mat sitoeyGehdvaybdndigprocesad. Wi adxiliaig rmbfb &dlE(ﬂﬁbl,eﬂso either on, or
The Cu | ayer is deposited b¥qcan el ectropl ati ng process

ili#g tha gyidense of ghe micro-component. As

ibed in furth
COTPBE, b ENR5 BB Rl bO PR R Yot
S URSREH tandl CoAn&fiOA (@ﬁbﬂ'ﬁ@lﬁlﬂ%ﬁ ysial)i (Sﬂ&ﬁlﬁlpﬂ@'&ﬁd di®erse micro-
renove excess el ectrogmat ed Cu (400) and the tri-I|ayer

( 33?mﬁ“¢‘*ﬁ%mﬂiﬂpé¢aﬂskfg qasadefiern vREewes m@naléamé uding k@m not limited to
't\ﬂ Q'P%&Vﬁaﬁ%%g B‘};gre it 3%2%%)3(1&5#]8 ﬁén?hgép 32 components to be

15 e X a@@&ﬁﬂ@&nﬂieaﬁafeu Zth ﬁnagadeia R@fteraX (2:? s8 lﬂlﬁéyaéie sﬂf ect to the magnetic

25
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(22) [0112] Referring next to Fig there is shovvn
t hdorcephpioduesdoby tie qnpl@lzedenwwmb (5@} #nst (69 Tre qwils at receptor sites,

addi.t i onal cond

pettist PR ATy Son B artit Rt VR R parp megnetie
ap bl dTBiehy tolBiR tAPIRE tefBorkRatsg phéiRh PoiEEhC o eHe srwstrate and to
t he flrst oxi de | ayer (20) and_the exposed surfaces

t h@uidg the @qmp@@ms ta ﬁwswgﬁtwl}selfmyesmaddm@at mlq:pgoﬂs (60) can be

sho the. f catlon 0 f Wi
09 pplifi§hct, p3pR BRpleP o MalrS oL 1o aeflar b ei¥figes o the micro-
SU'cb@@b@en@i Gd”'ﬁfétﬁosﬁibng'o?qﬁé %ﬁpﬁ@ QiiRRo-E811sCloe@bE af the receptor sites.
cavity (55) of approxinmate depth between 300 and 550

m &nsashe micto-gBapanenisone held nyplece byrthe dnicro-coil generated magnetic

fields, they can be more permanently affixed to the substrate by various bonding

techniques known in the art. The micro-coils can be positioned on or within the
substrate. It is noted that the process may be advantageously performed while the
substrate and micro-components are immersed in a fluid providing sufficient viscosity
so that the guidance and fastening can be performed in a stable and regulated manner
and so that local surface interaction effects can be reduced or eliminated.

[0120] As is understood by a person skilled in the art, the preferred embodiments of
the present invention are illustrative of the present invention rather than limiting of the

present invention. Revisions and modifications may be made to methods, materials,



[0114] Referring next to Fig. 7h, there is shown the
fabrication of Fig. 7g with the addition of an

web@stizabess plated |ayer (60) of N CoP (or otP&r/SG2005/000184
hi ghl y perneabl e ferromagnetic ggaterial) within the
cavity. [0115] Referring next to Fig. 7i, there is

22«%&7\/\'\?’%&? g)fél)a lﬁllggsé}%]lésg%ng]{og‘%eg; %ﬁgﬁh@g rng]iﬁ{]odcgoiwgegvg?e (\%1% and without
t OfeBORRBRetRN PHPRET aklIiRRS1aRE e usd! e She (Zhedationd focusing and

t he bondi ng pad has been‘coqgleteq by formng a Ti/Al .
bi nayipnlatiFg nagnetivi frelds athilsistit provdding acnéthed fosfebricating such micro-

BT S o A BB bR Y AU BR G h 3o wits e
5 M @Jﬂfangi%gbﬁéoﬁhé gﬁgéht heRAtOE s ddhRd bR Spef®id daifRr
detail e I'sc n

ussi of this bondi ng pad base see the
di scussion along with Fig. 3g. In addition to the
wi ndow for the Ti/A bilayer formation, a w ndow (92)
is formed to expose a portion of the Si substrate (10)
for the purpose of subsequent vertical trench
formation to acconmodate the ferromagnetic pillar.
[0116] Referring next to Fig. 7j, there is shown the
fabrication of Fig. 7i wth the addition of a |ayer
(70) of BCB or simlar dielectric polynmer forned over
the oxide layer (22) to a thickness between
approximately 5 and 50 microns with approximtely 10
m crons being preferred. A vertical trench (72),
bet ween approxi mately 55 and 100 microns in depth and
bet ween approximately 10 and 100 micron in dianeter is
etched through the BCB | ayer (70) and the silicon
substrate (10), the trench thereby exposing an upper
surface of the N CoP backside |layer (60). [0117]
Referring next to Fig. 7k there is shown an
el ectrol ess plated ferromagnetic N CoP pillar (74)
formed within the trench (72), the plated pillar
extendi ng upward fromthe upper exposed surface of the
Ni CoP | ayer (60) (on which it is plated) to the upper
surface of the BCB layer (70). [0118] Referring next
to Fig. 71, there is shown the fabrication of Fig. 7k,
wher ei nl ayer (70), the BCB | ayer, has been renoved by
etching, leaving the oxide |ayer (22) to serve as a
passivation layer. The pillar (74) now extends above
t he passivation layer. [0119] Referring finally to
Fig. 8 there is shown a schematic diagram of an
exenplary m cro-self-assenbly process on a substrate
(10). Here, a typical mcro-conmponent (20)



IS being guided (the arrow showi ng notion) to a
receptor site (30), shown in dashedoutline as a
wo ewsargod ar opening. A mcro-coil (50) is shoreT/§6 5000184
in dashed line outline) either gn, or within the
substrate at the position of the receptor site (30).
Th Gro-co onent will be trapped at that site by
thg)vﬁtclfﬁl AUBFY Sand ultimately affixed to that site by
known bondi ng processes. An auxiliary mcro-coil (60),
al so either on, or wwthin the substrate, can be used
t olf aci A mégre-cofaleyice donthe g@ﬁemh@n,rfp@usmg:@dp@h@mﬂaﬂm of magnetic
sed pr.eviously, this nmagnetic gui dance and
iﬁ@? HJléss facilitates the assenbly and
sconnect 'a@ﬁbsﬁz%{eek&tv{ﬂg% upRRHARS 2 RS be@cs, of mul tiple
and di verse m croconponents i ndividually fabricated ]
f r om vaaipbamar mitrerdod| fyrmied off adhilatgd bonduntmr hbving tae dispast ratio greater

DI-Vt e sem condyct terjals, | ar ge.
PR A ST FR&hiht é’a‘%ﬁy V9% e5anHpflcarsspn the upper
e e r t :
o Jﬁ‘géé%‘e 44 QRaRCt: o THAEh Tmhlle g, MY 406 surfce and seid
enefiglozeeil hﬁvﬁfg@t@gﬂtm(@ﬁag and (60). The coils at
receptor sites, when energized by currents, provide
0 magnet i epp@mﬁngamdﬁéwes fmd@g%ﬁ%mwom’énet ic

bi ndi ng 0 _hot s at proper
posi ti ofs™ g?l&%{?‘l%y%r g%t’(&%%uf%’e%dhe conponent s
to thos@opdif gia@sﬂ%'or ﬂnfaklﬁ C&é‘c‘&@dall ,coﬁnﬁkétlbhs)fbabmd micro-coil formed on
mcro-coils % 0) can be p03|t| oned al ong
pr eaid 60 endsardnreniiscting leadsconegtad tp sgideotl kadyyui dance
of the m croconponents to the positions of the
trapping mcro-coils located at the receptor sites.
15 Onge t hghBideiRe CITRARL Nt Whattia Hhelsdbitatd isg silleyn tiefer havmg plane,
m cro-coil generated magnetic fields, they can be nor
pe pamHelnupper and |1cx\@@r susfacese ﬂsfu@mqr éﬂ@”a%g/bw covgged by a first layer of

bondi n ues QW in.th

cafeiB g 367 o RO g bttt i sestRP 1SS I 4t wherein said
notigehrtHko-t6Ie iPFRERE Swibkey ab@erﬂﬂViﬁﬁhéd] aeusdy said firaramde layer and
while the substrate and m cro-conponents are inmmersed

i n teminaging withiy s2dd mgfesuf f i ci.ent viscosity so that the
2ng dance and fastening can be perfornmed in a stable
and regul ated manner and so that |ocal surface
i nger actrheefidkestt slakd Reredtl ¥sidtiré@ichehdsnd Mad®dof approximately 3
[0120] As is understood by a person skilled in the
ar tmcnomeatpi aflenth oBapprbuiiately 1 § mierons o prowigle gimicro-coil of aspect ratio
i nvention | lustrative of the present invention
r aPRREPXERLEY ?p)rﬂ?Ttl ng of the present invention.
Revi si ons and nodifications nmay be nade to nethods,
material s, structures and di nensi ons enpl oyed in
25f aldr i caffhagdevicer of cddiiin devindless vérhprisingl ati leassuone pillar formed of

e eest bt i 108 5B A8, fid $ide b an upper anc

lower end, said pillar being located at a position of maximum magnetic field strength

generated by the micro-coil and the lower end of said pillar contacting a patterned metal
base formed on said oxide and the upper end of said pillar extending through said

30 dielectric layer.



mani pul ati ng magnetic fields, while still providing a
nmet hod for fabricating such mcrocoil devices with and

wowdokoex19f erromagnetic pillars and back- pl at esSPETSG2005/000184

accord with the spirit and scopg;of the present
i nvention as defined by the appended cl ains. What is

clainmed i.s: ,1. Amcro-coil devi.ce.for. the nepat i

foche: gl BndighPDERE 4 Rngreh S i i Gfpdf BPER! L8lkotess plated
C ONBfrba Pittican A6k INiBLP ald ¥Aid PafEmbPPSE i9d Patferhdd¥ ! layer comprising
surface; a planar mcro-coil, formed of a plated
coradlageraf Agoimmeg eme kgereafiTir ati o greater than 3/1,

said mcro-coil being forned in a variety of

geonetrical shapes on the upper surface of said

ssubgtr atehddevid oF cldiBNCHhdE R diblowid :Ta)%ﬁisda 14 BCB formed to a

surface and said mcro-coil having at | éast two ends;

a pasknesatbetweenepplexinmtely 2fand fedicoarst sai d m cro-coil ;

a dielectric layer fornmed over said oxide |ayer; and

bondi ng pads for making electrical connections to said

M Cf 0- COj | - Sal ' ds: t.l .

leatts. oRERTEETT SRR Thit fithiael H BigRlor 2 cHRCIA hbo-coil, for the
cl ageerhtivh b aising did Batipilatidreof Bagnetit fiekde Bompfising:

havi ng pl ane, parallel upper and |ower surfaces, the

10upper ~ s s fubsatp Bayige en yepeEand ¢ lower susfacg; ayer of oxi de

and the | r_.surface bein er.ed e .
R L e
Wi tedtethb NG forbRMB @ VabiegUsrcbiettidal Sfbeddn e Uppyesurface of said
and termnating wwthin said wafer. 3. The devi ce of

c| aiuhstpateusaidetior howing af leaptdioteads;a wi dt h of
appr oxi mat.e 3 mcrans and a depth of approxi . .
167 cr ondcis BB el el suBPhitPon R BN PRI coverng said

15apphixe-o8il.elnd 10/ 3. 4. The device of claim1 further

20

25
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conprising at |least one pillar fornmed of ferromagnetic
mat er i al bandingmads fori mekipe elestisrl ¢anpectings do garld mgero-coil, connected to

occa ST dRBE . Afacs e Ml g R ffencs.

strength generated by the mcro-coil and the | ower end
of said pillar contacting a patterned netal base ]
f or&red oFhes@¢vicoont dlaimnd Whisiy Bisesubstiefeds ashliepnpwefeshaving plane,

emp%?aiie&%gﬁ%d‘%ﬂ o Igﬁlse]g i,gld dciese | gtrurﬁlpgr %u?’?/a%é ggig]th{6§%r%8\Ei}lcae first layer of

of prl s tormne
el estddfiSEe Rivadr 86rface being covered by a second layer of oxide.

9. The device of claim 7 wherein said micro-coil is formed of plated Cu to a width
of approximately 3 microns and a height of approximately 10 microns to provide an

aspect ratio of approximately 10/3.

10.  The device of claim 7 wherein a cavity is formed through said lower substrate
surface and extends within said substrate to terminate beneath said upper substrate
surface, said cavity removing a substantial portion of the substrate, thereby thinning the

substrate and rendering it a flexible membrane.



ferromagnetic material N CoP and said patterned base
is a patterned bi-layer conprising a | ayer of Al

wo coosaekioh a | ayer of Ti. 6. The device of cl aP@1/84G2005/000184
wherein said dielectric |layer igga |ayer of BCB forned
to a thickness between approxinmately 2 and 5 m crons.
7. A mcLo-coi.l device t i ncl udes .a _di.el ectri .
ent}éddegltq’ﬁ gF‘SS:% ol (,:la]fr%r %ﬁgh‘aeﬁérrnﬁ{llsl%%, "L‘tf Legﬁts Phéé pé%%f formed of
M FerBthadricBb MiteiBgBal ikldd Rhvilse eRPpérSamiDloveer end, said pillar being
substrate having an upper and a_| ower surface; a ] ]
pl forared atreepositiore pHmewimum fpgneldc Geldstisngthegenemgtpd st e micro-coil

havi t ' t th 3L, f d.i .
Vo Bt BEF of il el Réifiding Wisniodsus ATRE Sithefon sid wpper

5S aislh RS Sl B8 anBihle Spp&H cnd REYAID Bilbk ekRASThg b¥EVeAlPdieRctric layer.
dielectric layer forned over said mcro-coil and

conformalUy covering said micro-coil; and bondi ng pads
for,_maki ng glectric l. ctions to, said |Tcro-coi

cann Ao

cortect At 8edss @F Irim dl Giriier {mnsising: £ g7st @gasplhar formed of
th C ' i 1 € €,:89f: :
B L s
havfomgedohten posithat af makinipp efagastic Feldestreapihf genemtedt yethe micro-coil
upper surface being covered by a first |ayer of oxide i

10 an@nd tee logige end of saa¢ pillse Fonjactingey Rattepyed aatel basel forgipd on said upper
of .de. 9 ' ' ' s NPT i
o e TR BB B of B YRR A had it e
approximately 3 microns and a hei ght of approximtely
10 mcrons to provide an aspect ratio of approxi nate

. ] 2ct ratio f |y
10/13. 10TheTdryicsenfi dainpi 1 avherein paidhrillen is farmed, pf the Jectioless plated

foryred t hrough,.said.. [ f. . -
excrare e A By SHE PG Bite P8 35 RRHeq plaver comprising
15saiadayR REA] ForafddlodtHapatiof d¢e, said cavity renmoving a
substantial portion of the substrate, thereby thning
the substrate and rendering it a flexible nmenbrane. 11.
The ,devi.ge of .cl aim.7 f er .co (=Y 0
6 58, G5! O D 1 DR R Ps ShrhEE3) R otvecn
havhp@xafatdRPEY agdg0 leeRins &fd, saihpsttephdd Bdse i @rizontal dimensions
formed at a position of maxinmum magnetic field
st hetiaen ageresiaetely 19\and 98 mickams- coi | and the | ower end
200f said pillar contacting a patterned netal base
formed on said upper substrate surface and the upper
end50f s@iedddRidel &Y cl&indt ePeavteeeialkanepiia @ fdiBed6f HieCelectroless plated

| ayer .
)%erromagnetic material NiCoP and said patterned base is a patterned bi-layer comprising

a layer of Al formed on a layer of Ti.

25 16.  The device of claim 12 wherein said pillar is formed to a height between
approximately 10 and 50 microns and said patterned base has horizontal dimensions

between approximately 10 and 90 microns.

17.  The device of claim 7 wherein the dielectric layer is a layer of BCB formed to a

30 thickness between approximately 15 and 20 microns.



12. The device of claim 10 further conprising at | east
one pillar forned of ferromagnetic material, said

w@edosar2iavi ng an upper and | ower end, said piPCEHEG2005/000184
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being forned at a position of maxi mum magnetic field
strength generated by the mcro-coil and the | ower end

of .said.pil,lar centacting a.patterned. l.
f o}gnsd gﬁe gngae Bp%ﬁglrmggbs T ghes 1re]’regt51§ a%eg B %ga§'§rp%fe]?CB formed to
end 19Ekread Betitbéd FprexhRidy MarbRyeigasl di el ectric

| ayer. 13. The device of claim 11 wherein said pillar
is formed of the electroless plated ferromagnetic

mat eri al,, Ni .CoP and, sai att.erned baseg is.a [

bi ﬁgyer LfE‘S ABYeE I Oh g1 ]gy Irg ¢ C?lg E%%&PS% agaf%‘gerdns%?ral, a square
Ti spitdt: 2 TREnEE \doflOwith r&tRigilat JodPaeh PRt oFah@rdigitdt&] mednder coils, a
forl?nad to a hei ght between approxinmately 10 and 50 ]

m paion$indepenslantccopedntee cigchlirapials adehsn ian dimea kpiral is formed entirely
di nensi ons between appraxi nptely 10 and 90 microns. .. .

1 5 WAL ATIGHFLg), SGTER O ST Pl pispls Lmepuier coil with small
fo r r tdofl with small ciroul
oiRgl s T AP oS RIS 8 it gt o
bi ellipyied] leopgforticd gvithih ayetargdr 18bpd, a@r sead-spiralacdibyaar arcdy of spirals
Ti. 16. The device of claim 12 wherein said pillar_ is . .
f ohfEg taocoRAeR GRILI AKife OF 38 FFALX PHEEC shapes seppesfgd in series or in
m cro 8 and said patterned base has hori zont al

di ‘ons bet ween approxi mately 10 and 90 mi crons.

17. The device of claim7 wherein the dielectric |ayer

is a layer of BCB fornmed to a thickness between )
appPoxi mae deyice B shimoD whesein ibe el isTpeapgd wF @ecugyed spiral, a square

cl ai.m,10 wherei n..th i rhc layer.is.: A :
Sl RalSEAS gL N LSRRI k™Y B A ¥ st oo
20p i 6F HdspentiBnt cHaGerdQY tieeulaf spirhiBivhielein \wh étirter Bpitdlés formed entirely
coll is shaped as a curved spiral, a_square spiral, a_ .

me s a owter spixah a pedt ofrigierdigitatesbeiscular spapls, pmeander coil with small
interdi gjtate £Qj [f [ .
S Y IS B Pl B e AR bl et o
f oemptcalMobps Formet twiithin ahe Qi@ 1061, raademisspiral toibifan array of spirals
interdigitated circular spirals, a nmeander coil wth ) )
S MhRYINg AceaRron Sentral (s, 106 afderayy ohsvch shapps peected n series or in
| ogps 1o meander coil with small circular or

el ip%g{l tal loops formed within the |larger |oops, a

sem -spiral coil, an array of spirals having a comon

central axis, or as arrays of such, s_haﬁes connected i.n
seRles dheidevisaoficlaém, 10, wherein the coil is shaped as a curved spiral, a square

spiral, a meander coil with rectangular loops, a pair of interdigitated meander coils, a

pair of independent concentric circular spirals wherein an inner spiral is formed entirely
within an outer spiral, a pair of interdigitated circular spirals, a meander coil with small
rectangular loops formed within the larger loops, a meander coil with small circular or
elliptical loops formed within the larger loops, a semi-spiral coil, an array of spirals
having a common central axis, or as arrays of such shapes connected in series or in

parallel.

22.  The device of claim 1 wherein the bonding pads are formed as a patterned



20. The device of claim7, wherein the coil is shaped

as a curved spiral, a square spiral, a nmeander coil
wowal/128e4 angul ar | oops, a pair of interdigitaP@rSG2005/000184

meander coils, a pair of indepegdent concentric

circular spirals wherein an inner spiral is formed

entirely w.thi Q I i y A Pal

pisr i DR E = SR bRt o£isRBdenBl Cu e, hapches and are

SMBddnectRE tERGHY a6 shidloftcrb@oiteehdsi drhfoncdndactigy Yadging leads that are
| oops, a neander coil wth small circular or

el Forptertedito simalesbansiingpads formed emgaid miggarcollsads, a
sem -spiral coil, an array of spirals having a conmon
central axis, or as arrays of such shapes connected in

5sep3es Qheideviedlod! difin 72&herEﬂleﬂféeNdﬂdﬁn§0f)ad“s| @enfotfled as a patterned
wherein the coil is shaped as a curved spiral,

a

sqbiayer 9fi Fidl], foameé avéera Coitheshi ohintessecting Fwifilled gppmches and are
a pair of j.nterdigitated neand cojls, .a pairt .qf.

" e AT, &R i BIEProD) Gds<g oaPAndirETE, brdgie leads that are
N . iy | entd B

PR ol bR LRI aRoR S, |

meander coil with small rectangul ar | oops forned

within the |arger. | qops meander cqil wth spall

10 ¢j pdul afhedewics joficlaim 1@6%5%31? &gﬁ%an‘%{ls Reds ?’f?epc?n%i‘ie%é‘? a pafterned
| oBﬁ%X%r)%f - i@ 0vePlal cudfed 5ia¥1t&%ec§iﬁ '@ i1l Virddlhes and are
a co n central axis, or as arrays of sucCh shapes
copmertrd difec8gtb &aidmit-qodr aldsedr. to22ondabtingl bridgiag déads that are
claim1l wherein the _bonding pads are for meq aa a
paternerted e simjlar bending-pags foEReken FWEPUOERLFELSh of
intersecting Cu filled trenches and are connected
directly to said mcro-coil ends or to conducting

15 br dgi n@ Imerescdihadevidee havingeat aderba@oflj i |farromagnetic pillar and a
bondi ng- pads forned on said mcro-coil e

gqgis. 23. .The .
deferecanagnetiq hpokpiaterfer dhe, senraatin dPesatd Manmulatipgof magnetic
as . bi |l ayer of Ti/Al formed over a Cu nesh

of ﬁlglrﬁl?g?]!sngéglﬁ g Cu filled-trenches and are connected

di rect | ¥ stisstrasi Ichvitigeanosppet dndenldsvepsurfageronduct i ng

bridging | eads that are connected to sjmlar . .
bondi ngapiansr ligearaBicerreathi ferme Pga é’?ﬂt‘l’d gqmguctop havigg gn aspect rafio

device i . hn: i
20 S By S5 P BT B s o
of uppéresnseed bMgiCsubistiatecst inr # trefhsfoamdd greugio saié aippet surface, said

directly to said mcro-coil ends or to conducting
br icei§ hagng aldgast t¥aendsi e connected to sinilar

bondi ng- | i d m _ coi . o
2ond! 0, R e L A b B bipe o e o

Pi kh@ceaTdar substrate and said cavity having sides and an upper surface within said

25  substrate;

a ferromagnetic plated layer formed conformally filling said cavity, a lower
surface of said layer being substantially co-planar with the lower surface of the substrate
and an upper surface of said layer contacting the upper surface of said cavity;

an opening formed through the upper surface of the substrate, said opening

30 extending through the substrate and exposing a portion of said ferromagnetic layer
upper surface;



ferromagneti c backpl ate for the generation, focusing
and mani pul ati on of magnetic fields conprising: a

waadwstieAape havi ng an upper and a | ower surfacePCEHSG2005/000184

5

10

15

planar |inear micro-coil, fornmediof a plated conductor

havi ng an aspect ratio greater than 3/1, said

m cr o- cqQi in 0 I .y Of . [ :
shapes gan%efr?g’a pﬁ%rﬁlgﬁgfpélgg%gﬁé%%%%%? r%%?@k%r&?drw % end of said
tr @it doarablek tdd @pdtes PorkidtpPrthe ferrbmagnetis diybr @ad lan upper end of
having at least two ends; a cavity within the

sulsaidmalias exteafingehove spid SHbsEaeRPHYHAH opening in

the | ower surface.of said r ' [ty

navi ng. Seaube 2R i ias <HPRHLDhiiedits 1ty ol it connected to
SUlpd Etsr s@idficfPEFDeEb onBhdingdedds gt afeEdiRekted to the ends of said
conformally filling said cavity, a |lower surface of

saimictoag@l. bei ng substantially co-planar with the

| oner surface of the substrate and an upper surface of

said | ayer contacting the upper surface of said

cavigt v, 18R fRfR! cﬁ%é{uﬁf 5% Gy Hel iR Wt s\ {H3G atd AP &' sifidbn! R&fRr Bhving plane,
the substrate, said opening extending through the

sulpatallal eppendnéXpwai nafaeey)dhd uppercirfacd beifig covaredjbgta Grst layer of
| ayer upper surface;a ferromagnetic pl ated

i1l o
B R TR T T NI A——

lcggfn@%t fngugo-%&jl Gs RIRRISHiRA" 4 h%ﬁ%l?{orﬁg@& tﬁr@ﬁ%lg §HY rﬁ%ti dxide layer and

er and an upper end of sal r ext endi ng above
s aitenfitdiilgrvaitien wgpevafgur f ace; bondi ng pads for naking
el ectrical connections to said mcro-coil connected to
the ends of said micro-coil or to conducting | eads
th ar 0 t e : ' ] = G0] .
0372 EURRE Gk Uiy 80 B hth ELN b ofonimarsy
si Ihiefoms wad & deptd \bif afprokiaely amaictoak tappeideandictweail of aspect ratio
surfaces, the upper surface being covered by a first
| ayeprogimaylydé®/2and the | ower surface being covered by
a second | ayer of oxide and wherein said |inear
mcro-coil is formed within a trench forned through
saizg. fi I3e Besiicte dfayleiin A6 vilersin Nt microdcolli 3 sadeded by an oxide
wafer. 27. The device of claim 26 wherein said trench
hagassivati@nhayst- approxi mately 3 microns and a depth of

Oapproxi mately 10 microns to provide a mcro-coil of

25

30

aspect ratio
29.  The device of claim 25, wherein the coil is shaped as a curved spiral, a square

spiral, a meander coil with rectangular loops, a pair of interdigitated meander coils, a
pair of independent concentric circular spirals wherein an inner spiral is formed entirely
within an outer spiral, a pair of interdigitated circular spirals, a meander coil with small
rectangular loops formed within the larger loops, a meander coil with small circular or
elliptical loops formed within the larger loops, a semi-spiral coil, an array of spirals
having a common central axis, or as arrays of such shapes connected in series or in

paraﬂel.

30. The device of claim 25 wherein the backplate and pillar are formed of

electroless plated NiCoP.



approxi mately 10/3. 28. The device of claim 26 wherein
the mcro-coil is covered by an oxi de passivation

wo aysen22129. The devi ce of claim 25, wherein t heCT/8G2005/800184
shaped as a curved spiral, a square spiral, a neander
coil wth rectangular |oops, a pair of interdigitated
nmeander coils, a pair of independent concentric
circular spirals wherein an inner spiral is forned
ent31r el yTivd devide ofrelaint 3 whgkinathe pillapad bet@ken approximately 55 and 100
interdigitated circular spirals, a neander coil wth
s mapicronsdn fength and bebwess appromizdat@lyt 1) andt 19 migrogs in diameter.
| oops, a neander coil with small circular or
elliptical |oops formed wthin the [arger |oops, a

5serg2- spiTid déadd of 8RindrA5awhetinSthie ndidpayidi thré fSPHBA0AL a patterned
central axis, or as arrays of such shapes connected in
serhilegeroef T ApLpmnddepver3p CuThgshl of iintersetting Eunfitdsl trenches and are

wher ei n . the. backpl at.e and pi.Jlar are fornoed of, .. .

ol Gotnted St BuSh ciietorol il BT cBnBitnl drifcing leads that are
WhebEhdtdd S sithildrFoniBehRlvRER2BR rsgm!ﬁ%kﬁ{caﬂ arisand 100

m crons in | ength and between approximately 10 and 100
mcrons in dianeter. 32 The device of claim25 wherein

t he _bondj n ads are formed, as a patterped bilayer of )
107 38 fa%réatgasaf reing B RCHT oot deYise T ke egngratiqne focusing and

t ] di-r-ect | t id mi eor]
BB R EROReRE S phiagl Y (0 sal S micro-col

connect gaotidingiasubstratdhavdngrappeadsd fosveredfags;sai d

mcro-coil ends. 33. A nethod of formng a mcro-coil .
devi ce flgrminga geametricallypatterard Jinaay trand ofdepiiud and wikith w, wherein
of oA 8] 0 Vi idsi

eSSl L S MRHLS) AR B0 SHPSLAG Sutucsand

15 gedenst twealdsysaidirérehne e usgddarnhd foemetiorndl depdrd-cdiland
wi dth w, wherein_d/ w3, through said upper surface,

sai d t r dRERDEA S of PHBogarally drtersRsting Fenches ahthegods of said linear

| ¥kl 1 SRR\ HE RIS i ot encos o bewot i

or tiofpematibry of inha&toadingpgdd ariahes and najte oated bonding pad;

linear trepch and at, positions peripherally disposed

t her et o,coBtorgally cavesie: saih epes stape apd dhe pide tapd bottom surfaces of

f or_pat 4 ' ngli: .am ' . .
20! B 4 kY RO e Bl depostion

suriirdee cam@riting: si de and bottom surfaces of

forming a first layer of oxide to a thickness t,;
forming on said first oxide layer a barrier layer to a thickness t;
forming on said barrier layer a seed ldayer to a thickness tg;

25 forming a first layer of conductor over said upper substrate surface, said layer
also conformally covering said three layer deposition and filling all said trenches in a
void-free manner;

removing that portion of said first conductor layer and sequential three-layer
deposition that lies on the upper substrate surface, retaining that portion of said first

30  conductor layer within said trenches, forming, thereby, a micro-coil conformally filling

the trench, having ends that correspond to the ends of the trench and having an upper



said linear trench and said grid of trenches with a
three-1layer sequential deposition further conprising:

wo ovositey9a first |ayer of oxide to a thi cknessP€DSG2005/000184
formng on said first oxide |aygs a barrier |layer to a
thi ckness tbh; formng on said barrier |ayer a seed

| ayer. to,a thickness .. formn first ol ayer, of .
co RSP SRS Sipy P B SePars® Rl oy fyrming o conductor
| ayBledahesh vt edoleflsyid @@MeTidbctesj d three | ayer

deposition and filling all said trenches in a

voi d- f r dermingesecordyer efoxideionseid nrner Grbsirates mash ¢nd micro-coil
condtfct or %ﬁ%er ael:r1dg se%ue%tgi all t hree-| ayer deposition
t hAPfGeS Al H PR AR IEYY Y sur face, ret ai ni ng

5that porghevingfa SRktho bf Shide adrat fidé axRl MokbidacBahekh whereat
trenches, formng, thereby, a mcro-coil conformally
f i Ishbsegudnt elactricat lepnieatiomsgwidhtle mddas exmmsingsqdeamdeanducthe surfaces at
ends of the trench and having an uppersurface that is
cof%]bqsﬁﬂ?ﬁ?m%l%h t he upper substrate surface and al so

-form ng E@ E.H i RYY i . I . .
grid of tr eng%gs(ség:&{doga éﬂn(g%gﬁggéglggéﬁ %}g@gﬁﬁg@&g%@g& gﬁlde layer, said
s aisecamd pryers i stondti@ingmasiterahdontacting caid nsish,f asidslayer electrically
said | ayer being a passivation_|ayer; reanLn? a .

10 po cpnigeiing sashinicra=e8 gad Himies & hordingpad andsaid Iayasextending between
wher equent el ectrical connections will be
na%é’?%%%ggsfhg cl ean conductor surfaces at those
posi t i orsatifeotheiupgerdsusfcOOLIthe d)edtrats ariDsaitlibéridigs pads with a layer of
materi al, on sai d second oxide |ayer, said second |ayer
of didderiiePelsicriat eri al contacting sai d nesh, said

o mi ng " RGREERGSHPLAT el iThi Ve e Bl .,

15bondi ng- pads ; coating the upper surface of the
substrate and sai d bondi n%ﬁpads with a |ayer of

di Sftect rlihe mpeshodref claime Ad Whetpim theaiubstenie ifa Skhwafepbrvjng substantially
I ' T ) i .
\Aﬁér?ar&alg Xlﬁ%grglz%g&?gﬂ a3 18\%@1‘ Ittace: E?d %&218 a%rd: Bﬁ'dE”l%%r is formed

ate 1I's a

subathatt d¥aldsipfagear and paral | el upper and | ower
surfaces, and wherein a third oxide |layer is forned on
both of said surfaces.

20 35. The method of claim 33, wherein the geometrically patterned trench is shaped as
a curved spiral, a square spiral, a meander coil with rectangular loops, a pair of
interdigitated meander coils, a pair of independent concentric circular spirals wherein
an inner spiral is formed entirely within an outer spiral, a pair of interdigitated circular
spirals, a meander coil with small rectangular loops formed within the larger loops, a

25 meander coil with small circular or elliptical loops formed within the larger loops, a
semi-spiral coil, an array of spirals having a common central axis, or as arrays of such

shapes connected in series or in parallel.

36. The method of claim 33 wherein the ratio d/w=10/3.
30

37.  The method of claim 33 wherein said conductor layer is a layer of Cu deposited



35. The nethod of claim33, wherein the geonetrically

patterned trench is shaped as a curved spiral, a
waouwaneispiral, a nmeander coil wth rectangul apCT/661395/000184

a pair of interdigitated neandey coils, a pair of

i ndependent concentric circular spirals wherein an

in er Cstp(;rlal is fornmed entirely within an outer

sp YaFtRBRE of interdi gitated circular spirals, a

meander coil with small rectangul ar | oops forned

wthin the |arger |oops, a neander coil with small

ci 3&ul aThQ)me&lOﬁlOﬁpla@aIBIVd@p@nﬁﬂﬁ gpRrowimately 10 angstrgas.

| oops, a semi -spiral coil, an array of spirals having

a common central axis, or as arrays of such shapes
5 congiect ehe 1A RiMr3 31 whedh Fhd ﬁﬂst bé%ﬁer 1%3%? 1§'Ebi3ﬁ9‘e1€tff Ti/TiN, the

claim 33 wherein the ratio d/ w=l The net hod

of TN heing 3@mvddapei thickaess af@ppmtmatellyeﬁ)ﬂérangstrth ahyeeTi bqsmg formed

3300k SRR 6f FEPrapEH-URY JRD eSOy e, S95E Rgfoximately

ne aim 33 wherein the first barrier layer is
a gw%lfg{é?ﬁ%f Ti/TiN, the TiN being fornmed to a

t hi ckness of approxi mately 300 angstrons, the Ti being
f or med to a t hickness of appr oxi rrately 200 anpgstrons

10 an#0-t , The matadopt claiyai Hy WASTHH £r¢HaP ﬁ@ldé@@dg%gmd@dﬁsformed as a
b OcOdl-lc_lng ﬁ?fgr &f ho?‘izgg &%sm%ﬁ | na bl% a}@hgmpately 500 microns

COﬂ

hoky 5ootna1lcrdﬁrs aBfmé&Eohi aocal mssuug fm&mmbam cmmmtsed ¥ layer of Ti
500 mcrons by 500 mcrons formed on a Cu_nesh

whioraied te raethmlqnagsebetw% eppresimately 200 &rd 3000 apgrggmepn which is

anS’E@% %%’ﬁ \?\’Evgﬁ %1?%% + é&g uﬁﬂ%}eﬁgqps and 3 microns and

15 t hivhikiepskidet wash c@ﬁ@ﬁ@esl d@icﬁbﬂorﬂlo@om@' iBtefSectiserhek, of depth d
wherein said Cu conprises a grid of orthogonally

i neek wisléh Wregldtﬁ&l@d@ﬁﬂssm@pla&é&mlamerand wi dth w and

filled with said plated Cu | ayer. 41. The nethod of

claim 33 wherein the oxide passivation layer is

appr.oxi mhé eleyholOSOCclang S8 rligeihth€ oxidédassivetionElapeds abproximately

claim 33 wherein said bonding pads are electrically

coh¥angstremes Bi¢kd nicro-coil by Al bridging | eads when
20sald connection is to an end of the mcro-coil that is

interior to the periphery of said mcro-coil. 43. The
meghod The fletio o3 21ditr I3@herbitGaldobondidgyadb are@édtacaligfconnected to
a patterned bilayer on

said micro-coil by Al bridging leads when said connection is to an end of the micro-coil

that is interior to the periphery of said micro-coil.

25 43,  The method of claim 33 further including the formation of a patterned bilayer on
said oxide passivation layer as a base for the electroless plating of a ferromagnetic
pillar, said patterned bilayer comprising a layer of Ti formed to a thickness between
approximately 200 and 2000 angstroms on which is formed a layer of Al of thickness
between approximately 0.5 and 3 microns.

30

44.  The method of claim 43 wherein an opening above said pillar base is formed



sai d oxi de passivation |ayer as a base for the
el ectroless plating of a ferromagnetic pillar, said
weaioseenied bil ayer conprising a layer of Ti foPCESGL005/600184
t hi ckness bet ween appr oxi mat el y4200 and 2000 angstrons
on which is formed a layer of Al of thickness between
appr.oxi,mat r T :
R S T
f obyrertholeskgilatid, daidipdle @bislnﬁg tnfdugnealdlo@mngaﬂai eftending above said
ferromagnetic pillar is plated onto said base by
el diglacoicpalyperdeysg, said pillar passing through said
openi ng and extendi ng above said dielectric polymer
| ayer. 45. The nethod of claim44 wherein said
5 f ens omagRethghdd it @hind 84 vHekdih 84id fremromakbREic Nill@Rs a%uar formed of
A nmethod of formng a dielectric-enbedded m cro-coil
antligoP.| ar device for the generation, focusing and
mani pul ati on of magnetic fields conprising: providing
a substrate having an upper and a | ower surface;

fopg ng Aam@ﬁtog of ?&%ﬁ?g%ﬁd&fmg Qﬂlgléd\&eﬁrml@"cﬁéoﬂ E&ﬁi lﬂ@le&ewce for the

substrate surface ayer to act as a base

S U baesgationt foehisihg agd man@akmbnbﬁmmgmglcdidldsrmnphsmgect r ic
| ayer, to a_thickness t1 over the upper sqnftrate

10 syr f acepwlg&aauhfg@teé}aﬁw FIPAECA2 PHFEFITIACEY 1vi ng an
openl ng g Jhﬁ)oé gﬁ)a&gﬁeﬁ 1 p?eﬁr CQ" (%#1819&511 vdr A€ gp%c‘x‘gélﬂasgate surface, said

openi ng ex an u surface of the p rne

congeeiotict bsﬁeylarse jio ﬁdbﬁ@lulem matirg) @otasgl ess process,
within said opening, a_first portion of a

f er r omaéHEERE 2 Hirst diglechiic layer, e thiskiess to.onet Sicoipnengidistrate surface
th?n{?m@?étte?ﬁeds&' g?ét I'[’i ea_pl [ ar _portl on bei ng t! , the

nes felectric layer; renoving the

15first difehfed bh opbrye tiroggpthei firsihdclzctgiedaydrayaid openitdexposing an
substrate surface, said seed Iayer bei ng di sposed

ameefﬁH’éa%fﬁ@P?é@f@ér?QB@%‘?f Pfé?yer be| ng thi nner |
than saj ﬁnﬂg}l{;ﬁ%ﬁfge or S ﬁﬁ‘g esé A P}Sﬂ lﬂlrgta] first I;por’cion of a

cont i gubus a secon aye

OV @grrdnfk@nsiie gillad yar thet ﬁmtetﬂﬁdcwiﬂﬁstoﬂﬂa}bhe&lsdmglﬂ of said first pillar
dielectric |layer being-t2, ich.is . greater than t ;

f oPPRtING bsIngito e tiskpessiaf said ﬁ(fﬁr%‘i}@‘ﬁﬂg HYE second
g0 di el ect Hrﬁoxln?é/ B firStHidedthE war,

depositing a seed layer on the substrate surface, said seed layer being disposed

('D

about the patterned conductor layer, being thinner than said patterned conductor layer
and being contiguous with it;
forming a second dielectric layer over the seed layer, the thickness of the second
25  dielectric layer being tp, which is greater than t;;
forming a micro-coil trench through said second dielectric layer, said trench
being patterned in a linear geometric shape having at least two ends, said trench
terminating at said seed layer and said trench having a width w, that produces an aspect
ratio of ty/wy >3;
30 ~ forming an array of trenches at the ends of said micro-coil trench and at

positions peripherally disposed thereto, said array of trenches to be used in the



being patterned in a linear geonetric shape having at
| east two ends, said trench termnating at said seed
wo aysn2Aamd said trench having a width W2 that PCDEGTOS000184
an aspect ratio of t2/w2 >3; foign ng an array of
trenches at the ends of said mcro-coil trench and at
po ' Jy disposed thereto, said array of
tr%ﬁ a8§§ gﬁ%gﬁggé in theformation of bondi ng pads;
for m ng famhgErH-rd-chiy ) atéohoplatihgn@n emdssted $oer a void-free
| ayer, a void-free conducting |ayer confornmally
fi pomchlgtlgau layerr @ﬁ@f?rmglé}' dfilingr gaidofreneiay FHE BNere-coil having ends
corres n
| ay%rrr ? lS?,l%%%n ! §$ rgﬁ]ady E%? C{)ﬁ@%t%gs’lg)(e?%?s%uﬁﬁlhg Raid array of

5rre&encﬂe§|fmf@nﬁgnﬁe§hortl on of the second dielectric
| ayer above the pillar, exposing, thereby, an upper

sur f acer@ﬂovsmg @ mirtibmof thesedond, ditlpctec deyer sbege the pillar, exposing,

ﬁf} a_secon |Ifl ar anépl on on said exposed first
eXgbYp 8t VRRSH SiAsSE O S3A P the total height of said

f| rst a . i
Wgﬁg efébt!r(l)l glgﬁﬁ %%e&ﬁﬂggllér orli6HTON &8d exposed first

the sec ctric ind t he ayer,
| epillan goxioh yppérosefags thd totad heibht dfsasidft dralysecortdyatlargrogtions being
beneath said mcro-coil; formng a third dielectric

lafier with thickness t that is greater than t2 but

| ess 1N 8nding S dodoll! deloBR! Lol AP the E% | hdaving only those

covering Sa m Cr o- CoOl ut not conp ete veri ng

sapgrtivas ofthe gedd layer it tai enedith rsaidgicopesil;n g s | n the
third dlelectrlc | ayer over said nesh, ther

ex p03| néPrengsa thishdiclepiaiciayrg vat Gicdkaes s %‘ﬁﬂlsf%‘i‘%"rrﬁ}éanatﬁ but less than

SELLLE B LGB BUED B D B BRERnBScl B ot complcy

15 boa@w@ngaﬂse&ﬁdeMpmdmd of claim46 wherein the
patterned |l ayer of conductor is a _bilayer conprisjng a )
| ayer offorping ppempgkivethe third \dielpctep Javsk iovek &t %E fglﬁEFbY exposing
2000 anggtroms on which is formed a layer of Al of

t hi cEness bet ween approximately 0.5 and 3 m crons. 48.

The net breniaf ssill agzhddhd wherein the trench in said
second dielectric layer is
forming an electrically conducting layer in said openings, the layer electrically

20  contacting said mesh and forming a bonding pad.

47.  The method of claim 46 wherein the patterned layer of conductor is a bilayer
comprising a layer of Ti of thickness between approximately 200 and 2000 angstroms
on which is formed a layer of Al of thickness between approximately 0.5 and 3 microns.
25
48.  The method of claim 46, wherein the trench in said second dielectric layer is
shaped as a curved spiral, a square spiral, a meander coil with rectangular loops, a pair
of interdigitated meander coils, a pair of independent concentric circular spirals wherein
an inner spiral is formed entirely within an outer spiral, a pa1r of interdigitated circular
30  spirals, a meander coil with small rectangular loops formed within the larger loops, a

meander coil with small circular or elliptical loops formed within the larger loops, a



shaped as a curved spiral, a square spiral, a nmeander

coil with rectangul ar | oops, a pair of interdigitated
wore@sdex19coi | s, a pair of independent concent rPCT/SG2005/000184

circular spirals wherein an inner spiral is forned

entirely within an outer spiral, a pair of

| Nty d SR ak

T R R P PP s piRh A o PR Eh A s, W barrays of sueh
I OGhapeszonmRitdidn se:mslor\mphaﬁﬁal I CI rcul ar or
elliptical |oops formed wthin the [ arger |oops,

asem -spiral coil, an array of spirals having a comon
cenfqyr al [
Coil 2! N el NIRRT S VS, BOPORAAA 158 8% Wer of mcm

Swhetbghdil $cﬁladt]:ﬁd:k[n§§s Cﬂ @eﬁﬁ‘deﬁl Spprenimatelys 12 hmly ¢6 mfcr(B@B said second
formed to a thi ckness t between approximately 12 and
15 diglestondayes s @ layes R BOB dpweed toca [thigkness & hetwggin ppRFPximatelyl5

BCB fornmed to,a .thi ckness t n ely, 15

o s 2 Tibitng SR85fid Burf SR TR 1 PR/ 0a hickness &
ISHeaﬁéeaqpbfbxﬁnatelgqm%hﬂm%men approxi mately 15

and 25 m crons The nmet hod of claim 46 wherein

sai d high aspect ratio is 10/3. 51. The nethod of

10 s Yppr cHTAFEPY QAL G RRErE Rk e sl L m 4

mhereln the conducting layer is a | ayer of
el ectropl ated Cu of thickness between approximately 15
and120 rfiiter orthodnef slaiml 46esdhetenty av, issapprxinsisdyl 3| ayerns and t is
of thi ckness Bet,vveen approxi mately 500 and 2000
and’???%‘ﬁ%ae HEre0$ret hod of clai m 46 wherein the
pillar is formed of the electrol ess pl at ed
ferromagnetic material N CoP. 54. The nmethod of claim
1546 S52her €itre théthod ofi dliainy 4p awterain ﬂmnmlduéﬁr@ﬁaybrrﬁ e dayer of ¢lectroplated

KRS IER N R ORY RS 1> 20020 OO eFehigye is o Cu

on KRS en
appsr%(g(l 2%1{03‘1{1/1 %ﬁ%gjbagleéﬂgmﬁ cr ons. elgé()é %Idé nmet hgg{?%ﬂfw

cI aim46 wherein said substrate is a Si wafer having
aII per. a ower surfaces, on,each qf
oo s OftreapeBod 8 o “HoIeay B RS HRRg: Obfbe,fpipless plated
S 5 & &1 i nitride. 56. The method of
2Ocl g?lﬁnlggbg}euﬁﬁliﬂ%r acorlrpﬁ,y ng thinning the substrate by
et chi ng, through the [ ower substrate surface to a depth
I h f
fb Fé%\rlvbr e,[f_‘ hﬁ:gqg%}?lé(}ls cﬁasutmr 2& \?thrléllrn t%c %om?mg pa sucf:neen%s of said micro-coil are
formed as a bi-layer comprising a layer of Ti of thickness between approximately 200
and 2000 angstroms on which is formed a layer of Al of thickness between

25  approximately 0.5 and 3 microns.

55.  The method of claim 46 wherein said substrate is a Si wafer having plane,
parallel upper and lower surfaces, on each of which surfaces are formed a layer of Si
oxide on which is formed a layer of Si nitride.

30
56.  The method of claim 46 further comprising thinning the substrate by etching,



57. A nethod of formng a dielectric-enbedded

m cro-coil device for the generation, focusing and
worovspedisd i on of magnetic fields conprising: pPOWBGR00§000184

a substrate having an upper andga | ower surface;

depositing a seed |ayer on the substrate surface;

formn first dielectrd aye v S I

| PSR B 88 AR ot W URofy B Benil higine e 1o
f OprBHNe a¥leXille encefirhnd. r ench t hrough said first

dielectric layer, said trench being patterned in a

i near geonetric shape having at | east tw ends, said

trgnch ferm.nati at .sai d d | ayer sai £ ench

T on AT P 0, 6 Rl h BBl AR PBe r e
5 | Wengiiioh, Fo8isitl A RAdipYlaidn éTBAGRES fidldscbRpases: of

said mcro-coil trench and at positions peripherally

di spos egtovidirgst substate Having ay uppfer tiné addreer sutfage used in

the forpati.gn of bondi ng pads; K form.ng a mcro-coil by

el ect r ofAPEiAG 2 seel laysr® féﬂi’?%?t&s‘,‘rf oi d-free

conduct fo?fﬁjﬂﬁgé/ HrstCORI LAY ek l&ilé] Qee?fiiagg%, gﬁ{‘ %ckr%@é 9f the first

m cro-co ving ends corftesponding to renc

endisleanid 8@t Beiagnguct i ng | ayer also filling said array

of trenches to forma nesh; renoving the firs ) ]
10 gi el ect formingzmicrareal trsach theen ,%Iﬁt digls iﬁ‘ﬂ?ry said trench being

th -1 . t id: ..
i i b BB ool Rab AR o 1081 o IR Sl Bhinaring o
Wi daltl §deitl CdgRemRd §aid tldAch havingy £aidth wi hhat producssiintaspectantio of t; /wy

dielectric |layer thereby conformally covering said
m¥o-coil and nmesh; forming openings in the second

di el eCtji‘oinﬁjn:gﬁXEr ge(gf %ﬁﬁ&gﬁ%@ Nhe tdAQE eoqysa?ﬁr %ﬁion&if’ ?rifl:gch and at

mesh; cleaniPng sal e formng an el ectrica

15 cOopitfonk W]Q:dpﬁ&ﬁﬂyi dispared thpem, @il atrlag dfayteniches to be used in the
electrically contacting said nesh and formng a
boeemaipndbond®e prEE net hod of claim 57, wherein the

georet f%ogl%Jg'&ﬁ 2P RLEELOFC o BUERo B 2B IoalP Aok M58, & void-free

spiral, are spiral,
I egoindii@itgarayep OpSnfoindlBi rfillifig i aidrtikrgh) adakll mizasdeit having ends
coils, a pair of independent concentric circular__. .
s prorEgsRONRE (9 yeid trench ends and said conducting layer also filling said array of
20  trenches to form a mesh;
removing the first dielectric layer and the seed layer, leaving only those portions
of the seed layer that are beneath said micro-coil and mesh;
forming a second dielectric layer with thickness t, that is greater than t;, said
second dielectric layer thereby conformally covering said micro-coil and mesh;
25 forming openings in the second dielectric layer over said mesh, thereby exposing
said mesh;
cleaning said mesh; and
forming an electrically conducting layer in said openings, the layer electrically
contacting said mesh and forming a bonding pad.

30
58.  The method of claim 57, wherein the geometrically patterned trench is shaped as



an inner spiral is fornmed entirely within an outer

spiral, a pair of interdigitated circular spirals, a
wore@sdeza1ocoi | wth small rectangul ar | oops f orP@dSG2005/000184

within the |larger |oops, a neangler coil with small

circular or elli pti cal loops fornmed within the |arger

| ogp

80%% sem 3N L8le gp%all a%nea%d51a¥01?fwﬁtpl %&i\rf%lﬁ]a?vloggs a pair of

’ral Xi's,*or> as arrays of

Coﬁﬂ&ﬁl te’dﬁné&ﬁﬁbﬁ&oﬂ%r al pairdefr ﬁﬂé@nderﬁ%on&’étﬁ'lﬂeir&ﬂ& @firals wherein
claim57 wherein said first dielectric layer is a

| ague inngf sECS i Bnm@d entirely withiskaneeuer $pinghtapedtnof interdigitated circular

gj’lé%% %H%l% lé,CO ngggi(;)%% Tec alrlllsgg%gijc%oiag r@%&% Qflin the larger loops, a

5t hh&bﬂ@e‘f%on&vi@@fsﬂﬁﬁrbn%ﬁm QX ieTRjRAY bop m&manm t88 larger loops, a
m crons. 60. The nethod of claimb57 wher ein said high

as pami-spial col,ia daoydf spBals hiviegmetdnudon tentahiakis50r as arrays of such
wherein WL i s approxi mate mcrons and ti is

apﬁl?aé’)?? W@P@‘iﬁ%ﬁ”@? BHQPBG%ISFThe met hod of claimb57

wherein the mcro-coil conducting layer is a | ayer of

el ectropl ated Cu of thickness between approxi mately 10

and9.20 he mwisodofl claimi sy dhpesi sad fost dieledtrisdeyerl iayelayer of BCB

of thickness _ between approxi mately 500 and_20Q0
10 anéererediig 2 @sc kngsse tinpetWEEn SPPTEXIERANIE A Svid, 4 Fuggng and said second

su I
SIS R P ERAI AR RibBel SholPBrovimariys

fohﬁadn@aﬂm&m@imssl oxi de over which is forned a

| ayer of Si nitride. 64. The nethod of claim57

further conprising thinning the substrate by etching,

th ugh £ | ow

G0y pp PR B S el Sk hoft HRELs 0P

15msrrbrane 65. A nethod of formng a mcro-coil, pillar

and bac:}gl ate within a substrate ceonprising: providing
a §libst Aae anefhod ff driugevher Povierapstxaaely 3 microm and 1 is

form ng ﬂygp d upper surface, a linear,
geo]ﬁperf)rl ca‘%’y pa er ned mcro-coil trench havi ng at
| east two ends, having a depth d and width w, wherein

the aspect ratio, d/wis greater than 3;_ form ng iam )
ar pay oflhe megthoreef glain 5d @Rx@mdhe FHri- «fﬁllc?czsldeemg ayer is a layer of

201" ef%%@opqgtgd %u of thickness between approximately 10 and 20 microns and it is
deposited on a Cu seed layer of thickness between approximately 500 and 2000

angstroms.

63.  The method of claim 57 wherein said substrate is a Si wafer having plane,
25  parallel upper and lower surfaces, on each of which surfaces are formed a layer of Si

oxide over which is formed a layer of Si nitride.

64.  The method of claim 57 further comprising thinning the substrate by etching,
through the lower substrate surface to a depth below the upper substrate surface to

30  produce a flexible membrane.



positions peripherally disposed thereto, said array of
trenches to be used in the formation of bondi ng pads;
we@omwsaeard |y covering said upper substrate surPEreGz0s000184
the interior of said mcrocoil tgench and array of
trenches wth a three-layer sequential deposition
further conprising: formng a first |layer of oxide to
a thickness t0; fo rmng on said first oxide |ayer a
bargsi er A aMéhod @fafolhingkaadRro-cdibr pillae a0 takplateawithi®r a substrate
| ayer a seed layer to a thickness ts; formng a |ayer
of covwdewgor over said seed |ayer, said conductor
| ayer also.conforymally, filling the enches in a
vor o f r eeoviRRar bR having 4t dhwep and S 3o
5conduct ghrRiRg, thiyugR shidPheSRAMBA tal 1fleadl OB EACAR ptREned micro-coil
lies on the upper substrate surface, retaining that
porttenoimhaving hicleash tata ends; havidg tideptdl dgrsl willywe whierin the aspect ratio,
depgsi.tion within the mcro-coil trench and array of
t r dheigeatebtii Ay, thereby, a micro-coil conformally
filling re A NG M-t st
ends. of PRETEr BT Faer oy Bt endf SE AR Pech and at
co-pokitioas patiphertibe digpoesd shdpeibr ahid awray afetrantleslts be used in the
form n%, a nesh wwthin the array of trenches; formng a
loseé@%?@%ioéboﬁwépa%er said substrate surface and

co- pl anar. g T . ; r.1 A, - S PR
cavt 1y RPDEERRY R B0 S TERPe L ERE SrficB s Bt Broor ofsaid micro
saicdil caurichy ak tagagli dT0tréiobes twich |a0BeEe-tayel dequehtisladéi®sition further
t he upper surface and penetrating into the interior of
t h€OBPHSEAat e t 0 an approxi mate depth to ; formng a
magnetic bac“i&ln?ilnga“Hr.I:trﬂl}%ﬁ%f‘B:gidggS’éﬁﬁckJ f{1ng a
plurality of "openfPngs wW-thinsal Lecond ol de | ayer,

15a first openifogeixposisad fastaaidd layerRMaiti@nayet teatiickness t;
substrate upper surface and the renai nder of said
openi ngs expdeTRige @psaid batriear aver pspad; layes to thigkmepsich
cl eanin r oLl f ' ;
For m ng e JE RS 3 PORESIER 308, Sea 38, BB qondlidfor layer oo
opebhfoasally fikingayetrerhecinrd wiad e agmhagt i ng sai d nesh
and formng a bonding pad; formng a dielectric |layer ..
of t hi cReEeeng & gprtionef Hisromdyetpt andethese-laygr geqientid deposition that

20! YL on the upper substrate surface, retaining that portion of the conductor and three-

layer sequential deposition within the micro-coil trench and array of trenches, forming,
thereby, a micro-coil conformally filling the trench, having ends that coincide with the
ends of the trench and having an upper surface that is co-planar with the upper substrate
surface and also forming a mesh within the array of trenches;

25 forming a second oxide layer over said substrate surface and co-planar micro-
coil and mesh surfaces;

forming a cavity through the lower surface of said substrate, said cavity

extending from the lower surface towards the upper surface and penetrating into the
interior of the substrate to an approximate depth t. ;

30 forming a magnetic backplate within said cavity;

forming a plurality of openings within said second oxide layer, a first opening



said dielectric |layer having an upper surface; formng

a second trench extending vertically through said
wale@saeiipd ¢ | ayer, said trench passing throughP€8G2005/000184

first opening in the oxide |ayei; through the S

substrate and termnating at the upper surface of said

backpl ate, whereat it exposes orrespongli [ : :

of SR GG AKRIAL EoTSer By Papdes BPEn RS duB Wt xBinder of said

el %%Eﬁiﬁ%@&)&m@h@tuﬁﬁermuﬁb@ép&ﬁﬁﬁ@ﬂtﬁé hesti;i | 1ing said

second ftrench, said pillar being plated onto said

exposed clgaping thempree sunfmetpogipng fof s4id mipshiaidat e, sai d

pilLar.extending.vertically upward.fromth ack .

B CE B Aot P oh S BT el b s g TARY BB Batty contacting
501 GhRGhEd k@Y Shing AVndAgRadenoVi g the di el ectric

|l ayer. 66. The method of ~&l ai m 65, wherein the ]

geonet r ifomhing apti¢leetriotayet ofthihness tsdnep € uppensuiace efisaid oxide layer,

spiral, a square spiral, a nmeander coil wth

re eleetFic|lyspRavIng FRRPEHFUTLatCer di gi t at ed meander

coi l s, ﬁai L 0f..l d d‘ﬁ'@‘ 'jpthgld' ielectric 1 id

spi ral s% er giangeggﬁqjﬁ%g@ %%%1} a ?%ﬂ%%ll ne Jgﬁ% %‘ﬁeﬁh;‘? ecttic fayet, sat

W tthinbh phssiig thfouphitlicdisst 8pdiang inothe ioniderlaljeg thatughl the Si substrate and

circular spirals, a nmeander coil with small }
10r e deranigating at| the pRparsuraee of s hakplate, avRrasat ilygipeses corresponding

meander coi |, w mal | ci lar or elliptical |oops

forpr‘?gborb\?ﬁsﬁf%batc%%aeéllpggrrs%g%s, a sem-spiral coil, an

array offofRinganSel R\1RY phat&Dpilien caefvinialy filihg saidrseasmd trench, said

arrays of such shapes connected in series or i

i n L
parpilldrdieingsmlatet ipatsaich expased BpparFrEaceprstien AL digihackplate, said pillar

second .oxi de.l aver is.forned ' et

2B Gy D GomRgL EPES Shofb dh KREERBE L BR bpper surfuce of
15ethrchilecteicdyer;Gad\Wgrein the pillar is formed of

el ectrol ess plated Ni CoP.69. The nethod of claim65

wher ei n remevisgdhgpdigieetricdayesr med of el ectrol ess pl at ed

Ni CoP. 70. The met hod of claim65 wherein the ratio

d/wis approximately 10/3. 71. The nethod of claim 65

wheggei N The BeBB® bOYLARES) Whekéin the sevnsetatullywaiterned trench is shaped as

approximately 3 mcrons, 72. The nethod of claim 65 i

wher eunved aipérak on deieare spiraly dr meander | gjlo withf reggngular loops, a pair of

20dep18fselr&i§1gatg meelaE&etr rc%ﬁls,ag i)ar}g of independent concentric circular spirals wherein

an inner spiral is formed entirely within an outer spiral, a pair of interdigitated circular
spirals, a meander coil with small rectangular loops formed within the larger loops, a
meander coil with small circular or elliptical loops formed within the larger loops, a
semi-spiral coil, an array of spirals having a common central axis, or as arrays of such

25  shapes connected in series or in parallel.

67. The method of claim 65 wherein said second oxide layer is formed to a

thickness between approximately 500 angstroms and 1 micron.

30 68. The method of claim 65 wherein the pillar is formed of electroless plated
NiCoP.



73. The nethod of claim®65 wherein t0O is approxi mately
1000 angstrons. 74.. The nethod of claim®65 wherein

wo b@shzxivi er |ayer is a bi-layer of Ti/TiN, theCTsGR005/000184
being forned to a thickness of approxi mtely 300
angstrons, the Ti being forned to a thickness of
approxi mately 200 angstrons and tb, therefore, being
approxi mately 500 angstrons. 75. The method of claim
65 geher gihg thétRod b€ ¢laih 3l Wiereianitle Glatlqdatk dy ésrnfedr ofi dbertroless plated
t he_bonding pads is a bilayer conprising a | ayer of Ti
f ofYe8Pt 0 a t hi ckness between approxi mately 200
angstrons and 2000 angstrons on which is forned a
| ayer of Al formed to a thickness between

5appooxi mxeehathdl SF dhif G5 xwhéosh tBe FiteIdIRSs apffoxifidely 10/3.
met hod of claim 65 wherein the substrate | ower surface
is etched to a depth of approximately 550 m crons.

77.
The_ et hod of . cl.ai m.65 erein.the substrate.| r. .
suriace 1hE BeRd PLuRRy BPEe i s herigafy Jfiaicrons and w is
RI rg%ngatgl 3RhASER, et ching as an etchant. 78. The
rreFﬁ% 0 cPai m 65 wherein the dielectric layer is a
| ayer of BCB forned toa thickness, t , between
approximately 1 1.Cro nd,50 mcrons. 79. . A nethg .
10of 74 cr%a@%ffggmgéﬁﬁ&mﬁ%ﬁl GORAICHE 16hiT 'ﬁrg‘.’fdcu deposited
pr avi.di ]ﬁ“? urality of mcro-conmponents; providing a
sugj\gte?égﬁgp avé'ng a plurality of receptor sites at
whi ch said m croconponents are to be positioned and
affixed; coating at |east a portion of sa{d
m dPo- campEabadkolflaim &0 Whgstt i apRIaimaiely HiRiangsmy
m cro- conponent s subject to magnetic forces;
positioning a plurality of mcro-coils at |ocations on
150r 74i.t hiThe siwétibd ot iiraéewherein ths barpier Ialyarnis afbidayjerof Ti/TiN, the TiN

m cro-coils being positjoned at sajd receptor_si

SJ

andeiedeapptiopy iFkeisor apRrerimaehol Mbimestamsge TE_ eing formed to a
POS; a{gﬁgmﬁ’ﬁ ! IngSdppfokimately 500
saiﬁgg%%(g:ggfc S ca%g%og%gb%%g%c?%%%gﬁ%??og i gﬁ)ds ately

hawhggrogisadi ent s and potential wells when electrically

energi zed; imersing said substrate and said

m cro-conmponents in a fluid;, sequentially energizing
ppSakg m %g.'ng&h&i; 0P 'c1afm B ﬁércﬁeﬁl@%ﬁ&%éﬂlgr&h&@tﬁl layer f‘forrm'ng the

t hereby ‘guiding a select ed m cro-component or a Set” o

SUu®bndihg rpads QsNaokidIEs compasing celiyer of Ti formed to a thickness between

approximately 200 angstroms and 2000 angstroms on which is formed a layer of Al

formed to a thickness between approximately 0.5 microns and 3 microns.

25 76.  The method of claim 65 wherein the substrate lower surface is etched to a depth

of approximately 550 microns.

77.  The method of claim 65 wherein the substrate lower surface is etched using
KOH, TMAH, NaOH, EDP, HNA, RIE, DRIE or plasma etching as an etchant.

30
78. - The method of claim 65 wherein the dielectric layer is a layer of BCB formed to



site or set of receptor sites and trapping said
m cr o- conponents at said receptor site or sites;

wa@pdosseaigs usi ng a bondi ng process, said PCT/SG2005/000184
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30

m cro-conmponent to said receptosssite while said
m cro-coil remains energized.

a thickness, tg, between approximately 10 microns and 50 microns.

79. A method of micro-self-assembly using micro-coils comprising:

providing a plurality of micro-components;

providing a substrate having a plurality of receptor sites at which said micro-
components are to be positioned and affixed;

coating at least a portion of said micro-components with a magnetic material,
making said micro-components subject to magnetic forces;

positioning a plurality of micro-coils at locations on or within said substrate, a
first portion of said micro-coils being positioned at said receptor sites, and a second
portion of said micro-coils being positioned along paths leading to said receptor sites,
said micro-coils capable of producing magnetic fields having gradients and potential
wells when electrically energized;

immersing said substrate and said micro-components in a fluid;

sequentially energizing said micro-coils or a set of selected micro-coils, thereby
guiding a selected mic;o-comporient or a set of such micro-components to a receptor
site or set of receptor sites and trapping said micro-components at said receptor site or
sites;

affixing, using a bonding process, said micro-component to said receptor site

while said micro-coil remains energized.



