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FOR | C DEVI CES DESCRI PTI ON 14 DE e present invention relates to
semi conduct or devices, and note p ngm [mmto a multitum sol enot dagkr ype

i nduct or int eg«,@wg M‘n a sem cond uch as those used for rac?
frequency (RF) conmunications. The pre&#ht invention al scedrfjsaednzt0 a

nmet hod of fabricating the inventive nultitum sol enoidal inductor. 15

I nductors integrated in sem conductor chips are normally fabricated in the
shape of spirals in one BEOL (back-end-of-the-line) nmetallization |evel
(plus vias to connect to and fromthe return arm. Because of the limted
t hi ckness of BEOL neta |zat|on Ianers (on the order of about 2 to about 4

m crons), spiral. i nduc 12 ;
of about 1-5 ohfrs or great er) for a given induct ance aI nmet a]

layers, with interconnecting vies, areRESCRIPTION utili zed to reduce the
spiral resistance. Because the induct ance value is directly related to the

|l ength of the inductor trace, spiral inductors are limted to fairly small

i nduct ance val ygs mH or,der of about 20 nHenries or |leis), and occupy,
afairly large area éstzﬁg’ &a’ﬁ@@ﬂdﬁﬁtomeﬂm,randmgn@mumjﬂ Pe of a

spiral inductor |smm;tlmmhﬁmmﬂ1dum1iﬂ &l &E%on&é no
al | oned under the g 6},? | nduct orlgchl(?(:g%&ﬁ@?sf'éﬁd chip

tﬂ‘aﬁt thus S
zeal estate |Integr atxqglﬁ arlt% Thepresghtényention Rladwelaptoad i n t he
BEOL | ayers of a 9 d@éfﬁbﬂ@hﬂgmchmﬁvél'xhﬂﬁﬁm@&&to%ﬁn limtations

arising fromthe high capacitive 30 coupl ing between the sol enoi dal turns,
P T et 1
AR necessar in on Qnﬂ-@&the-pnq)metﬂﬂzguoﬂw&ﬁﬂﬁhwasmoonnectto

and from the return am). Because of the Limited thickness of BEOL metallization

layets (on the order of about 2 o about 4 microns), spiral induotors have a relatively

high resistance (on the order of sbout 15 obms or greater) for a given inductance

20 value. Dual metal layers, with j Interconnecting vias, are sometimes utilized to reduce

the spiral resistance. Because the inductance value is directly related to the length of

the inductor trace, spiral inductors are linited to fairly small inductance values (on the

order of about 20 nHenries or less), and occupy a fairly large avea of theclnp

Because the electromagnetic field of a spiral inductor i not confined, active devices

25  are typically not allowed under the inductor, and thus spiral inductory occupy a lot of
chip real estate,

Integrated solenoidal inductors can also be fabricated in the BROL layers of a
semijconductor chip. These devices have limitations arising from the high capacitive
30 coupling between the solenoidal torns, which arises from the fact that the total
thickness of the BEOL layers is very small, on the order of about 8 to about 10 ¢
microns, so the solenoidal tums are necessarily in olose vertical proximity to each
other. This close proximity also limity the cross-sectional area of the solenoid which

AR
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other. This close proximty also limts the cross-sectional area of the

sol enoid which 1 *@&0002* 14 DEC 2005 2 directly limts the achievable

i nduct ance, since sol enoidal inductance is directly related to 14 DEC 2005
cross-sectional area. In view of the above drawbacks in the prior art,
there is a continued need for developing as multiturn sol enoidal inductor
integrated in a sem conductor chip which overcones the foregoing prior art
probl ens. The present disclosure provides a multiturn sol enoi dal inductor

integrated in a i conductor chip. The present disclosure further

provi des a mul f‘}'&eﬁfﬁ@& ‘g%‘ihéﬁﬁble Fﬁmlmc&rsg)ﬂcmd@nmleidddcﬁn& is GivecHly nelated @

chi p wherein t heoss-atctiomul drebUur Nns are sufficiently separate from each other,
t her eby reducing capacitive coupling between the solenoid turns. Still
further, the present disclosure is directed to an integrated structure

whi ch cont ai ns In sizivasf thedBbveday i ] di.anet er cross-sections
associ ated therewi.th. Eveﬂ f,urt?“é%ﬁ“?ﬁ’é‘l"%‘?"g?‘eeﬁ%“Fﬁvﬁﬂ?ﬁddﬁe‘g%&val@sman
integrated str d‘&‘{ﬂ'ﬂl@ alhinductes inteeyatgd lin e Gemivoiavion chip. wHich! @@rdomdd Ghance
val ue, yet occuuyg@ngswm?fogﬁngf the chip. One enbodi nent is obtained by
provi di ng sol enoi dal 1 nductors integrated in a sem conductor chip wherein

the solenoidal coil is partially enbedded in a deep well (i.e., cavity)

et ched i nto th&hsepreon dikecionkre CHY The "deep. wel.l ' as used herein
denotes a cavit .V\@gse dept h f%?ind?ngyg%g{tmslu&??glgawgf“df“ﬁgr JeEgestdiice or
chipis from aﬁgﬁw Cip, chigy o ke Brssent dlischasyre furtier prividgs far MUMIBRE Eblerddid] O
about 25 ni cr ofiluctdhintegaitddoimSa feadi i.on of salenoid turns, and
t hus reduces thea%?epgcigtaditve coupllﬁgﬁﬁgtc@%ﬁ%qelﬁoﬁg?ﬁ (a3 arswdhiciatly

sol enoi dal coi F¥ PR 93Fl Ot therchynredwsingheapacitivel euplingdb@Wesnethe solenoid
cross-section tme the order of about 25 to about 35 microns), the
inventive coils can be made with a |arge inductance val ue and yet occupy a

smal | area of the chip. :
Still further, the present disclosure is directed to an integrated structure which contains

solenoidal coils having large diameter cross-sections associated therewith, Even further,
the present invention provides an integrated structure which has solenoidal coils having a
large inductance value, yet occupy a small area of the chip.

One embodiment is obtained by providing solenoidal inductors integrated in a
semiconductor chip whercin the solenoidal coil is partially embedded in a deep well (i.c;,
cavity) etched into the semiconductor chip. The term “deep well” as used herein denotes
a cavity whose depth from an upper surface of the semiconductor chip is from about 10 to
about 50 microns, preferably from about 20 to about 25 microns. This allows for large
separation of solenoid turns, and thus reduces the capacitive coupling between the turns.
Because the solenoidal coils of the present invention have a large diameter cross-section
(on the order of about 25 to about 35 microns), the inventive coils can be made with a
large inductance value and yet occupy a small area of the chip.
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(R +UOCQL2M . doe M c 14 DEC 2005 3 According to a first aspect of the
present disclosure, there is provided a sem conductor structure conprising
one or nore coils integrated with an integrated circuit (1C chip, each
coil conmprising a bottomcoil elenment and a top coil el enent that %@FQ%US

el ectrical contact with each other through, side coil elenents,

said bottomcoil element is located within a cavity formed in a

sem conductor substrate, said side coil elenents are |ocated on exposed

vertical sidewal]s of a patterned back-end-of-the-1line Iayer and said top

coil elenent is ACGWQMdowﬁrﬁlaspeorofahopresm diseladubes AL s Bgvid ﬁ'fé t he- | i ne
co

| ayer. In one er:&@a‘hg\%% &OA en(())rl daJl coi | includes nagnei Bgl}c&’

anot her enbodi ment, _ther so enoi dal C e SPYS ntegrated; with %Mﬁ arcmur(IE)dchx

According to a Sachosodl Caslpmmg pbottdne cqil elemet afd & ed
an el ectri cal Eéﬁ&b’im MSA qﬁm @n@ql ses two sol en0| é“‘"ﬁ‘p%ﬁrs ”f] 8’?
common nagneti c_cor e. i g L & 901l elementge wherein Salldéiommszemclcment is
di scl osure, thel%%ated Wpthm\n @myﬁ)med hﬂdsoﬁﬁcon&@é@dfrlsg@s}rh@gsa?d ﬁgﬂoqlo duc
structure conpr n&ht@goﬁ Sb[de\g?n d“éﬂ@j rmng one or nore cavil ﬁ‘H"
substrate of an int egrated ci f i g ° %P‘B’“me? Byckf@dwfﬂg Imcﬂayestand said
di el ectric mat efP£pil gloment dnlochteiivithin artatopi shid piiritad aﬁ - e nor e

a

cavities; (c) renoving said first diel ectrlc mat er i abuttl ngqgsyald one or
nore cavities, _while leaving said first dielectric material in said one or

more cavi ties al oepembedimeriche alemvidakpo iidePinsgetic & Fidhotfk: hu3RLEAC 07!
coil in said Onﬁle%leﬁm{a?cmﬂ§§ltﬁ%%lr' c ined cavitles; $&tond

dielectric material over sai glferoaflﬂé PRl udi ng sai d bottom COI I el enent
of said solenoidal coil; (f) removing said second dielectric material over

said substrate Aldor iRy 2@l ne re cavities; and (g) formng
side coil el ementsrand&%l ?%g&co P‘@Fg’m segy digclosyres ieeenis insemidedcanl electrical

transformer which comprises two solenoidal coils having a common magnetic core.

According to a third aspect of the present disclosure, there is provided a method of
fabricating a semiconductor structure comprising the steps of:
(a) forming one or more cavities in a substrate of an integrated circuit (IC) chip;
(b) forming a first dielectric material over said substrate including in said one or

more cavmes

(¢) removing said first dielectric materjal abutting said one or more cavities,
while leaving said first dielectric material j in said one or more cavities as a liner;

(d) forming a bottom coil element of a solenoidal coil in said one or more
dielectrie lined cavities;

(¢) forming a second dielectric material over said substrate including said bottorn
coil element of said solenoidal coil;

(f) removing said second diclectric material over said substrate not containing
said one or more cavilies; and

(g) forming side coil clements and a top coil clement of said solenoidal coil,

wherein said top coil element is in electrical contact with said bottom coil element
through said side coil elements.
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wherein said top coil elenment is in electrical contact with said bottom
coil element through said side coil elenents. JR %.1DQ 2791 dnc M C 14 DEC
2005 4 In one enbodi nent, side coil elenents are fornmed in step (d), and
step (g) only includes formation of a top coil element. FIGIA shbmﬁcam5
cross-section (not to scale) of an integrq%ed circuit (1C) wafer with a
toroidal coil partially enbedded in the substrate; whereas FIG 1B shows a
top-view of the solenoidal coil showmn in FIGIA A toroidal coil is a
speci al case of the nore general solenoidal shape in which a solenoid is

bent back uponli ¢rsetrfbodinient, cida toipelérasntOare fei@ad in\’stcpqapfah@gsp 'onlgfmcthﬂﬁs
magnetic field area of the toroid. A-J show

he ~Cr 0SS Sg ctional
Cross-secti onsfdr@ati\r?qf&t%qp&ﬁ ety £ f er ent stages of fabri catl on of the

sol enoidal coil of the present invention. FIG 3 shows a cross-section of a

sol enoi dal coi h,a magnetic core fabr] ed inside it. The present
i nventi on, tmé‘cﬂ)?‘ﬁ%g sFrEﬂ"'f‘?'t m°ht°siﬂa e&t #hintegrrtrdcaitrit (1) sxplescveith 4 n a

seni conduct or ohdigel asitipAtialBidhtddded id @6 hive@its; %ekﬂﬁFI@al@sho% hio 8[\9&% gﬁl)}c t he

described in npre . rring to.the, draw ngs that a
present appl i cﬁql‘fn(?ﬁidre‘f@' ﬂ’ﬂﬁ\ﬁll‘?jﬁé tgoigy] soil jiga W%%b%@ﬂwmswaw ngs,
| i ke and/ or cosoimphhdiamnna{v}ﬁdsmmsoﬁcnafdas b&k Bickagon tIDYTHd doffi tfoh fdkalty

nuneral s. Reference i.s . first nma o FIGSIA oss-sectional vie and 1B
(top view whi (SRinEsgllpfthe magneyg gﬁe#d}foé‘mw& s%"@gﬁasz?fﬁﬂ ‘bpf%‘i ‘ruct ur \g)

Specifically, FIG 1A corrprl ses a structure that includes substrate 10

havi ng one or n0| dal c ils 50 .f0 cavitjies that_ are
forned in the ER{)se%égt ¥ FPe A ?@quf“lxh ‘B@iﬂt\ﬁ‘&‘?’% sfageinffabysation ofdhe i ew
of sol enoi dal mcﬂomaﬁﬁxlmfftlﬁlpﬁsanthmmhom for exanple, in FIG1 B.

[1EUOVL0L; 701 fiRs MloGis WRed@scdhin o softndliar o with a mdgnetlc oab Sbriciied inside it

The present invention, which provides a multiturn solenoidal inductor integrated in a
semiconductor chip and a method of fabricating the same, will now be described in more
detail by referring to the drawings that accompany the present application. It should be

noted that in the accompanying drawings, like and/or corresponding elements are referred
to by like reference numerals. '

Reference is first made to FIGS 1A (cross-sectional view) and 1B (top view) which
illustratc the inventive semiconductor structure. Specifically, FIG 1A comprises a
structure that includes substrate 10 having one or more solenoidal coils 50 formed inside
cavities that are formed in the substrate and partially in BEOL wiring levels 52. A top
view of solenoidal coils 50 of FIG 1A is shown, for example, in FIG 1B.
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I n accordance Wth the present invention, each sol enoidal coil 50 includes
bottomcoil elenent 22 and top coil elenent 30 that are in electrical
contact with each through side <coil elenments 26. First dielectric I%Er 12
is formed betyeen %9 it om coil elenment 22 5 and substrate 10 and sel:é 2005
dielectric Iayer s formed in between the top and boecTuseemsid, el enents,
The el enments nentioned above that are not inducted in PIGS 1A-113 wll be
described in nore detail in FIGS.2A-7. As is shown, the coil is fabricated
partially inside a cavity (brined in the IC substrate 10 and partially

Wi thin BEOL wi ringg, l%hfce tﬂ this Waég a truly three-di mensi onal structure
can be fabri cat ed 1ty fhe Hong each solenoidal wpit 90 indheles buttads 6@l S

boundary of an ot k@ms@mdapm&ﬂeawmwueiﬂelﬁﬁcﬁm&ﬁg &? t, e coils
of the present inyg ter cross-section fie order
of about 25 to 35 m %&%ﬁaﬁﬁﬁ%?@ HgUEWF% %ﬁﬂbﬁtoméelm@mh | ar ge
i nduct ance val ub AR subgr W@Wmmmclaﬂ&ZﬁfsQﬁmﬁmw&eéﬁ% %BE

e structure

processi ng steps Ugf r inve nin fabricatin
shown In FIGS 1A an 1B WI tgn@n\%/% ﬂ%"&"@d"?"ﬁ%@%@@ﬁﬁ igIGBef erri ng

to Figs 2A j as Wﬂéeﬂﬁm"hﬁémmmmmmm | ows her ei nbel ow_ 20
Specifically, FIG 2A shows an initial structure that is enployed in the
present invention in foam ng the inventive structure illustrated in FIGS |

A-B. The initial *‘s‘r‘?f@&%ﬂ@cwh@mawedmmaamwmmmmwm@@b circuit

chi p having call t isadpatfil aithid BEOD iy ese draw ngs)
formed partially s L el ny&!\g’e the ¢ &%Fggm&s? z'r ormeélm gl all the

front - end- of - t he- I°i n lﬁémm}“@ﬁmmthmm eted, and
It passivating | aww&nofmﬁmwiselmdahﬂ CCLhipVVit Al nted @ thl oo H?g%lr
phosphor ous- doped PSG sited on the wa hi s
passivating | ayeflﬂlelg ﬁ%ﬁa%ﬁ% 3@?%8%833’“@%‘5&%‘4%5*9%5@@)1 n the
region illustrat e@%ﬂlh@ﬂeMMWMemm&h&v%m%ﬂW graent i onal

material s wel liskneBoftRe dufipse skilled in the art, and conventional
processes are enployed in fabricating the same. 5

The processing steps used in the present invention in fabricating the structure shown in
FIGS 1A and 1B will now be desctibed in more detail by refetting to FIGS 2A-J as
well as the description that follows hereinbelow.
20
Specifically, FIG 2A shows an initia] structure that is employed in the present
invention jn forming the inventive structure {llustrated in FIGS 1A-B, The initial
structure includes substrate 10 of am integrated circuit chip having cavities 12 (only
one of which is shown in these drawings) formed partielly therein. Note the cavities
25  axe formed after all the front-end-of-the-line (FEOL) processing of the IC chip is
completed, and a passivating layer (not shown in the drawings) of oxide or boron
phosphorous-doped silicate glass (BPSG) is deposited on the wafer. This passivating
layer is not shown herein since it is locally removed in the region illustreted,

30  The structure shown in FIG 2A inchudes conventional materials well known to those
skilled in the art, and conventional processes are employed in fabricating the same.



WO 02/ 073702 PCT/ US02/ 07992 14 DEC 2005 For exanple, substrate 10 conprises
any sem conducting material including, but not limted to: Si, G, SiG, C
aAs, InP,- InAs and other-Re, IlWconpound sem conductors, Substrate 10 may
al so be a | ay I conductor such as Si/SiGe or SI/Si as wellqg
silicon-on-i ngj a@?)"r%p( SO The substrate may contain vari 8UBUS#ZOTINE %g@zgo_r,
device regions either forned therein or forned on a surface of the
substrate opposite to that of cavities 12, Cavities 12 are forned
utilizing convent i Borakanbild, bgtati0orhjrded digl bdddcon@iid; .’ﬁg” . ﬁ[&ot resist to a
surface of the S“bﬁﬁ:{@ttgﬂs ﬁ_.)é’p Q%?%ﬁ%% pgotoresi s%@ 0 %nﬁ) Ql?’f?’bqt 10

radi ati on and devel oping t* % b I, Inds apd otharqiily [eompowti ng st ep

includes a dry et miwg&pmucmmuwmg&lybeamay&am ot E&&.is{;@ﬂ_‘ﬁ{%wi on
beam et ching or pl AL.n Lcal_wet etch process

8751, g.ar .a che a

i ncl udes a chenical et c‘ﬁ%‘tn ’%’~‘a't“‘°i“§”%ﬂ‘§ﬁ@§’5- Jbe pbirtpaay eaptsingariousactivabst r at e
material. In acéor@ﬂ%@mmcrmmﬁmmfoﬁuﬁfbhiamw@%is‘g}:js@ﬁe e deep
cavities whose depjolnf §QEid1§supper surface is fromabout 10t about 50
mcrons, with a depth of from'about 20 to about 25 microns being nore
highly preferred. Next, fast dielectric material 14 is deposited over the
stricture shown i ncdvlifes ' 'ﬁﬂhﬂﬂ : rface, qf ..substrate 10 and in
cavities 12 so asrﬂg rgz\?ﬁjigﬁﬁ?e 20 s°tt’§“§8‘§°§kﬁéﬁf%ﬁﬂﬁ’ﬁ‘?§m@ﬂme 2B. The
first dielectric @P‘F’étlt?*W'ﬁwfﬁayubﬁ@t%wcphoﬁormmxﬁm&nsmh as Si02;

nitride such a0 Smmmﬁﬁddb@élqﬂiﬂgitﬁﬁm&ﬂaﬁ@&%?g %é&%%%%%?‘ nventi onal
0 ng a-con

bl anket depositi 0Nyl 0CesSs whj ch |aY capahl e f.orm | | ayer

of first dielectriC materrarocts eastyaiaa etehing (R don bepp etchingarplagna f i r st

diel ectric materi ctching or mehemivel whegdairdces thiy ingli@ddia g@b;m&t%ﬂgﬁi’?ﬁ on

(CVD), pl asnma- assigjeifes treri and ot her |ike blanke

deposi tion processes, T&a‘}ﬁ%dﬁfhc%guﬁg%ge wf“ﬂ%ﬁ@@?‘“&%&%ﬁﬁ%@“ﬁ%@i al may

vary dependi ng updivitittd2 axedespeavitiss shise demdiefioms iteiupper suEine &fom BOEL 10te! ectric

mat eri al enpl Oyied-ﬂba_ﬁfgbﬁlﬂ'dny,@iﬂﬂ@ﬁ?ﬁ(ﬂfﬁoﬁh%oﬁtizb?otab%%;%ﬁ#%:wt erial has a
TWTHeA

t hi ckness of from.,ahout t.o about” 10 m crons, f from
about 4 to hg?’?ypml““d' :

Next, first dielectric material 14 is deposited over the struchure shown in FIG 2A.
including the top surface of substrate 10 and in cavitics 12 so as to provide the

20  structure {llustrated in FIG 2B. The first dieleciric material, which may be composed
of an oxide such as $i0;; nitride such as 8i3N; or polyimide, is formed utilizing any
conventional blanket deposition process which is capable of forming a conformal layer
of first dielectric material 14 on the structure. For example, first dielectric material 14
may be deposited by chemical vapor deposition (CVD), plasma-assisted CVD,

25  sputtering and other like blanket deposition processes, The thicknegs of the first
diclectric material may vary depending upon the type of blanket deposition process
and dielectric material employed. Typically, however, the first dlelectric material has
a thickness of from about 1 to about 10 microns, with & thickness of from about 4 to

about 5 microns being more highly preferred.
30



about 5 mcrons being nore highly preferred. 30 6 14 DEC 2005 WD 02/ 073702
PCT/ US02/ 07992 Next, any first dielectric material that is outside cavity
12 is-renmoved fromthe structure providing the structure shown Zdﬁtg@ﬁc
Note, that after this renoval step the cavity in the substrate i

with first dVQ%8PMc naterial 14. The renmoval step of PEHESIN®Zent

i nvention, which results in formation of cavities that are lined with first
5 dielectric material 14, is performed utilizing conventional planarization

processes such aﬁmhﬂﬁﬁﬂﬁhdaﬁﬁb@&hﬂ%ﬁ%ﬂsﬁé‘&%&% lﬂ%d' ng. A
bl anket liner (e. TaN/Ta Ti N, WN_or other |ik ?usmn arrier

material) and se Joviding the striictye shan inFIG 3¢ N?tﬁéhﬂﬂek@smd@tepve

material) to be umechvnmmm&m mmnemxa&mrsmmetﬁ@mhmwm{adowﬁgpaﬂted
rererence

foll owed by a ver St I s, not.ed t L.n Fl
nuneral 16 refers%f%r%ﬂq&liﬁ h'ﬂ) %‘rfﬁsé’{t 'P.fm“%ﬁ eas
ref erence m nef al didétricshaterial IMmehmmt@@mﬁmhdﬁ&@lﬁﬁiﬁm\@&cémsﬁr ucture
after phot ot eS|st ray, and etc. 15
irradiation with & ge&géhgﬁ’ﬁlg‘gl %X%@H) ﬁ'at in FIG 2E, reference
nuneral 20 denotes the areas of the photoresist that will be devel oped
using a conventio c?ﬁ!&é the a

subsequent formatilggin of t ge%ﬁﬁrgl e@wg?wmﬁwgggﬂngpa&“%?ﬁetched
cavity, this patt¥&phlagesied. QJJsAloW, eathepketconductive matetial) to be vdadfor depbditionas wel |
as the part ofiot hef asd oo uaiclia igna) osﬁﬁgﬁﬁm,yﬂpe?ﬁidcgﬁot&%@gﬂﬁ%ﬂ ye, the

| evel 20 of the urface ( cavity). For cavities
with vertical si %Fé%]ﬁ W‘EF%@“ both the blankcet Liner and pend layect hi s mask
consi sts only of Wmamf&mmmmwfeﬁftothéﬂﬁto?@hi; fabrication of the
rising elenments of coil, up to the wafer surface, requires a second

| it hography step (using another mask consisting only of Note the renaining
drawi ngs show t hi HGPEsheves the strwsuye sl photaresist 18ibpattermedby Hiae, amayt dnddtei N sone

15  iwadistion with a large depth of focus. Note that in FIG 2K, reference numeral 20
denotes the arcas of the photoresist that will be developed using a conventional
photoresist developer providing the area for subsequent formation of the coil elements.
In the case of a wet efched cavity, this pattem consists of the bottom elements of the
coil, as well as the part of the side (rising) segments, up to, or slightly above, the level

20 of the wafer surfios (ic., the top of the cavity). For cavities with vertioal sides, such
as obtained by RIE, the pattern on this mask consists only of the bottom elements of
the coil; fabrication of the rising elements of coil, up to the wafer surface, requires a
second lithography step (using another mask consisting only of “vias”). Note the
remaining drawings show this sccond lithography step, which may be omitted in some

25 embodiments.

After appropriate cleaning of the developed areas, coil element 22 are formed using
standard techniques including, but not limited to: electrodeposition, sputtering and
plating. The boitom coil elements are composed of a conventional conductive

30  material such as Cu, Al, W and other like conductors. The resultant structure



25 enbodi nents. After appropriate cleaning of the devel oped areas, coil

el ement 22 are forned using standard techniques including, but not limted
to: el ectrodepositlon, sputtering and plating. The bottomcoil elenents
are conposed Qf @z{ogﬂgzventional conductive 30 material such as Cu, 1NDE%D8 nd
ot her Ti ke conduc The resultant structure 7 WO 02/ O#&T@802b7eEC

PCT/ US02/ 07992 contai'ning bottomcoil elenents 22 is shown, for exanple, in
FIG 2F. Note that in this figure bottomcoil elenents 22 includes portions

of liner/seed Iayemm&mmmmmaﬁﬁﬂzﬂﬂgﬁ%ﬁﬁ%%ﬁgﬁggtgﬁ&gtse ri pped from

structure shown in,FlG 2F utilizing 5 co B known in
the art, and any | Fﬁgeﬁ}?gg%nf@ym%ﬂd“%mfainnbfﬂigahﬁdﬂmlﬁoi | elenents
22 is renmoved fromthe structure utilizing a conventional etching process
such as RIB. These.n*1 Wﬁ?' ng ﬁt,e s are illustrated in FIG 2G 10
Second dielectric materia gt Weanthrornaped fopestetire shown indlIGI2B uiliidg zi ng
one of the aboVve- mmpmabpfodmclthﬁwnQrwmgn}llmseédqmﬁgyngyed in

formng first diel {a[nszé rdal 14, Second di €l ectric erial 24 may be
conmposed of the sa?r)lg1 or P?@ecr%éln o 23 s gemoyed fiow the sirgetwentilizisger i ¢ nat er i al
14. In a pref er r edoas¥rptenaatehingpfoobds such BERIEN Thesé o PRticdsGiRy stdpl fre Eiluksiteadnd
second dielectric gpigskgal s are conposed of the same 15 dielectric.

Fol | owi ng deposition of second dielectric material 24, the structure is
subj ected to a conventional planarization process such as CVWP providing the

structure shoud iSechrld@ieldtric NateRa1ol 3 thdl Y LG Rl,gnarizati on process sone
of bottom coi l at i.s aboveét e top Js’lﬂlg‘iflﬂdéhzzﬂ’ﬁ%% ey 12 may

el ement 22

al so be renoved. 2%°W@$HWFWHWEQIW@MMMM&$¢€| ement s
(i.e., side coil ohueiahts Saénd dislectdsHRATM 2656 be &k 5
fabrication of thedi@%irﬁapﬁmf&i@%%%rd %l'rgf%e seg%guchﬁégéfﬁgﬁé@?re‘ﬁgﬁgft dual
damascene, FIG 21. This inclu 084 ¥ P movtertry! embndiment ot i proseat

invention, the first and second dielectric materials are composed of the same

15  dielectric. Following deposition of second dielectric material 24, the structure ig

subjected to a conventional planarization process such as CMP providing the structure

shown in FIG 2H. Note that during the planarization process some of bottom coil

clement 22 that is above the top surface of cavity 12 may also be removed.,

20 Comapletion of the missing part of the xising elements (i.e., side coil elements 26)is
accornplished as part of the BEOL fabrication of the chip by standard processes such
a3 damascene or dual damascene, FIG 21, This includes deposition of dielectric 28,
patterning dielectric 28 by conventional lithography and etching so as to form
openings in dielectric 28 which exposed bottom coil element 22, and deposition of a

25  conductive metal in the opemings. Note that the side coil elements are preferably
composed of the same conductive material as the bottom coil element. It is again
emphasized that the formation of side coil elements may have been performed earlier;
therefore the lithography and etching of the openings and subsequent filling the

openings with a conductive material may bs omitted.
30



patterning dielectric 28 by conventional |ithography and etching so as to
formopenings in dielectric 28 which exposed bottomcoil elenent 22, and
deposition of a 25 conductive netal in the openings. Note that the si de
coil elenents er ably conposed of the sanme conductive materig

t he bottom cm‘l%@dg%ﬁ{ is again enphasized that the Feous®Rioren 1of s@@é
coil elenents may have been performed earlier therefore the |ithography
and etching of the openings and subsequent filli ng the openings with a

conducti ve nat eri al Thetyridoatabalinte: 8 Usn2/ 07992 14 DEC
2005 The hori zont aI aﬁlc.g(?% Ihsa% (le %Qcﬁl%%eﬂaog Cgl%glgj%p OREMS| et e t he
coil loops are fabri 4 B&&Mm ar petopifthe BEQEb, or on top of
the )M. by elect rmﬂwpmkpctsimm,spmgt@ﬁ ﬁa%ndg mfﬂ%ﬁfﬁgéﬁﬁ' ve terial

(sane or different g F&fﬂ a& e col enen t he
same conducti ve mat eria i Y@M%Gmwemmﬂialedbeﬂm s)

through a mask (hotbo MWﬂ)mdeMImujthﬂﬂgm.ﬁ,ﬁy Bt shéwn) S V)Qrﬂ an

FIG 2J. In one enbqgj ﬁ%?oée:@* ent i nven?ll osn thrgl%s é"%‘g{"a%” gl I |s
in the shape of a to ¢ embodi ment of the present invention,
a core of magnetic material 10 32 such as Permal |l oy and ALNI Co may be

i ncorporated at a hlbdedRib6dif the coil, Sea FIG 3.
Speci fical ly, magnet |l§ mat erlagP "g% ﬁ%ﬁg&r@%wa{@ﬂﬂ%MMmﬁal izing a
conventional deposi'tPininsn @bmwd@e@n@entmbmaﬁambﬁi@&ucg\{&m

sputtering, pl aoi ngzaichmﬂﬁ&a&ﬂhﬂido%&;%gﬂg&#&%@&tﬁtﬁb i | eg}il?lehcgr esent
esc

i nventi on has beenﬁ{;}@'l aﬁls\éc shown an
preferred enbodi ne % G4 medadthed in the
f d enbodi §9fdhe 613 Spreafigally mmwamm el thed h
at that the for egsustpreanilizing bonvetio@D®positin bt @Rk iR bl BN RS Made
wi t hout departing mg_ﬁﬁ@rlténdﬁﬁ% the preséht Irnvention. It
is therefore intended't R tiot be limted to the
exact fornms and details descri bed and il lustrated,  but
15 While the present invention has been partioutarly shown end desaribed with respect fo
preferred embodiments thereof, it will be understood by those skilled in the art that the
foregoing and other changes in form and detail may be made without departing from
the spirit and scope of the present invention. It is therefore intended that the present
invention not be limited to the exact forms and details described and illustrated, but
20  fall within the scope of the appended claims.



20 fall within the scope of the appended clains. 9 10 W claim 14 DEC 2005
1. A sem conductor structure conprising one or nore coils integrated with
an integrated circuit (1C chip, each coil conprising a bottom coil

elenent and a top coil elenent that are in electrical contact with each

ot her through side coil elenents, whereing said bottomcoil elenent is

| ocated within a cavity formed in a seniconductor substrate, safd D&C 2085
coil el ement s vof § M)cat ed on exposed vertical sidewalls of a patterned
back- end- of -t he- [ He | ayer, and said top coil elenment is |located within or
atop said patterned back- end-of-the-line layer. 2. The sem conduct or
structure of IalmA the one or ,nore coils includes a magnetic

i
core forned bet ween ngplfcogtfugﬁéﬁpgmug COMRESIBE ARG 0T @9Ee 60ilssintegratedr witlofin c| ai m

2, wherein samtlegmgmemuit (BC)r chig, '&ﬁdhudﬂscoﬁx nEiﬁ%O%Bét&m TB @fehidht 54! P%&lf rom
t he group congj, | Ni he sem conduc

of Ni g;e Ilo
structure of c‘ al m at apg1n ejeetrical go af)‘r’f\%‘ °WP@"@'9P811551¢°5°°§ elesentis,iwhegcin coi | .

5. The seni comaldbotbom séif elel‘hm@s lobated Withth 4 cavid)F6: el ih Q%elﬂﬁ&;&%toﬁﬁf\kﬁa&o' I's
ductor structure of claim1 rein the

has a toroid cO

one or nore coﬁﬁﬁgﬁ?gmp@ WS?“"E%WB%P’FW‘ Fidewallsaf apattesnadduck-endm t he
group_consi st fgedine Gyer, Akd aitﬂtoid\boﬂ’ elerR i6 REGODAME bPkoS bl Bhia Bfeic | 2
1, wherein eag h 0 |dl coil elenents is conposed of nme or different
conducti ve rrat allhe 80 4490 seni conductor structure of claimi1, wherein
said cavity has a depth of from about 10 to about 50 mcrons froma top
surface of sai,d suhsgtrate. dg{ sem conductor structure of claimS8,
wherein said depth 1 SFPRGRT BtBD’Et“’QW"’th" &l by ¥hepsin the epgpremore coils includes a

magnetic core formed between coil elements.

3. The semiconductor structure of claim 2, wherein said magnetic core includes a
magnetjc material selected from the group consisting of Ni/Fe alloy and AINiCo.

4. The semiconductor structure of claim 1, wherein said one or more coils is a
solenoidal coil.
5. The semiconductor structure of claim 1, wherein the one or more coils has a

toroid shape.

6. The semiconductor structure of claim 1, wherein the one or more coils is
composed of a conductive material selected from the group consisting of Cu, Al and W.

7. The semiconductor structure of claim 1, wherein each of said coil elements is
composed of the same or different conductive material.

8. The semiconductor structure of claim 1, wherein said cavity has a depth of from
about 10 to about 50 microns from a top surface of said substrate.

9. The semiconductor structure of claim 8, wherein said depth is from about 20 to
about 25 microns,
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| RAI . 100117-n Juc M C 11 14 DEC 2005 10. The sem conductor structure of
claim1, wherein said cavity is lined with a first dielectric material.
11. The sem conductor structure of claim 10, wherein said first dielectric
material is conmposed of a dielectric selected fromthe group consi,s b&gmdgf
an oxide, a nitride and polyimde. 12. Thg sem conductor structure o
claim1, wherein said cavity includes a second dielectric material that
separates the L coi] elenment fromthe bottomcoil elenment. 13. The

semi conduct or st't uct GReseBcoRiuciqrstrycturg e ¢laim], setiettinssaidosasitylisdined tith @ first
material is caliglastdngérian di el ectric selected fromthe group consisting of
an oxide, a nitride and a polyimde. 14. The sem conductor structure of
claim1l1, wherein said back-end-of-the-line |ayer includes at |east a

di el ectric matdniial . THsemivon@ic | f . \Whi ises I

coils of claiml having a. conﬁgﬁﬂrrcg@%lg{éléﬂilg?gﬁaé%%i%%égﬁg%%f"ﬁmaw
fabricating a §8W€%ﬁ@gétdb‘?1°°§'t°r§9@m¢ groéb'fhprgl’@l!rcgnsitﬂﬁag of epoxidt, 4 ajrideamdi ng
one or nore cayolyifidei N a substrate of an integrated circuit (1C chip;

(b) forming a first dielectric material over said substrate including in
said one or nore cavities; (c) renoving said first dielectric materi al
abutting said dge or TR&dethi ickd klLe: ' ' J.r.st dielectric
material in saigd.one or nodr\og&g:gd\l/.?tﬁ?cégwgg L'gm} ?ﬂoe“rlé?g? 3@1 ? oa 'lﬂcglu%s BSEBh coi |
el enent of a sdessyicamatertabthpt separaiesthe top coibelement Gomdhetiogomhit eleinemed -
cavities; (e) formng a second dielectric material over said substrate

I ncl udi ng said BO“OF coil elenent of said solenoidal coil; (f) renoving
sai d second di dPect r 11¢ SsmicORquglor giucuresef cipim ] B.owhersin saibsecomirtieleatriavgaterial

is composed of a dielectric selected from the group consisting of an oxide, a nitride and a
polyimide.

14, The semiconductor structure of ¢laim 1, wherein said back-end-of-the-line layer
includes at least a dielectric material.

15. An electrical transformer which compriscs two coils of claim 1 having a
common magnetic core.

16. A method of fabricating a semiconductor structure comprising the steps of:

(a) forming one or more cavitics in a substrate of an integrated circuit (IC) chip;

(b) forming a first dielectric material over said substrate including in said one or
more cavities;

(c) removing said first dielectric material abutting said one or more cavities,
while leaving said first dielectric material in said one or more cavities as a liner;

(d) forming a bottom coil element of a solenoidal coil in said one or more
dielectric lined cavities;

(e) forming a second diclectric material over said substrate including said bottom
coil element of said solenoidal eoil;

(f) removing said second dielectric material over said substrate not containing
said one or more cavities; and

(g) forming side coil elements and a top coil element of said solenoidal coil,

wherein said top coil element is in electrical contact with said bottom coil element
through said side coil elements.
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said one or nore cavities; and (g) formng side coil elenents and a top
coil elenment of said solenoidal coil, wherein said top coil elenent is in
el ectrical contact with said bottomcoil elenent through said side coi

el enents. P \41 )2741 do MIC 12 14 DEC 2005 17. The met hod of clai€1&a
wherein said one or nore cavities are formgd by |ithography and e R @%
18. The nmethod of either one of clains 16 and 17, wherein said substrate
includes a passivating |ayer fornmed thereon. 19. The nethod of any one of
clainms 16 to 18 wherein said first dielectric has a thickness of from

about | to aboufl. 10 Whemathed o2 Qlainl '@, WhAtRRA0saRf ' 9 rei id first
dielectric has lﬁmt hi ﬁ%ﬁs of from about 4sago°§b§ﬂu{%é ﬁ%"?@%ﬁﬁ% E’ﬁ&{ %ﬁe

nmet hod of any one eoP M6 to 20, wherein said first dielectric
material is formed by a bl anket deposition process. 22. The nethod of any

one of clains to 21, efein step (¢) is carried out by a planarization
process. 23. T# ' rretﬁbeom%°{‘?tjzﬂ%r22?° ame 16 angal 76 wherainasrid sabstrete inrhdeess i s
chem cal - nechapassivatinglaydr fdtinBdtherédn. The net hod of any one of clains 16 to

23, wherein said bottomcoil elenment is fornmed by the steps of: formng a
liner/seed |ayer on said first dielectric material; formng a patterned

phot or esi st on18ai d Fheométhed 6f MyduRiof ch@hd 108 g@&ﬂ&g s%faoﬁrg{ﬁi ke fQes not
cover portions of sai Iiggir)/seed | ayer 1 n sai caw’f’y; an d‘gﬁ%m fsnb a
conductive mat SPFEERSSef framabon 1/tq shopy ropayer. 25. The nethod of clai m 24,

wherein said conductive material is deposited by an

20. The method of claim 19, wherein said first dielectric has a thickness of from
about 4 to about 5 microns.

21. The method of any one of claims 16 to 20, wherein said first dielectric material
is formed by a blanket deposition process.

22, The method of any one of claims 16 to 21, wherein step (¢) is carried out by a
planarization process.

23. The method of claim 22, wherein said planarization process is chemical-
mechanical polishing.

24, The method of any one of claims 16 to 23, wherein said bottom coil element is
formed by the steps of:

forming a liner/seed layer on said first dielectric material;

forming a patterned photoresist on said substrate wherein said patterned
photoresist does not cover portions of said liner/seed layer in said cavity; and

depositing a conductive material onto said liner/seed layer.

25. The method of claim 24, wherein said conductive material is deposited by an
clectrodeposition process.

26. The method of any one of claims 16 to 25, wherein said second dielectric
material is formed by deposition,
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el ectrodeposition process. 26. The nethod of any one of clainms 16 to 25,
wherein said second dielectric material is formed by deposition.

[ A 1LI HQL2791 dag M C 13 1 4 DEC 2005 27. The net hod of any one of clains
16 to 26, wherein step (f) includes a planarization process. 28. The

nmet hod of claim 27, wherein said planarizagjon process is chenical 14 DEC 2005
nmechani cal polishing. 29. The nethod of any one of clains 16 to 28, wherein
sai d side coil %enenh% artg fgrmad by damascene or dual damascene
processes. 30. The netfiocleted ohymnpmaccaf drigisnts K6 260whereinwktey €Hninsisddd i de
coil elenents apknatizaddigebdays. t he steps of: forming a dielectric over said
substrate including said second dielectric material; providing openings in
said dielectric exposing portions of said bottomcoil elenent; and filling

sai d openi ngs wW8.h a Thenedetiéd b€ ol €57 .khe. met hod of any ope of
claims 16 to 30 e‘}r%'mar ai n%ai d top coiﬁ’ngeée?r&er??ﬁi @ma%‘{z‘r?ﬂdprﬂﬁﬁsﬁéb(ﬁg?‘?‘f’% of
a conductive mﬁne anifalppl H§h a patterned mask. 32. The nethod of claim 31,
wherein said deposition conprises el ectrodeposition. 33. The nethod of any
one of clains to 32, wherein side coil elenents are also formed in step
(d) and step (é?b'onl 3‘%? method oF ampenenficlimot6 A8 whersinaaid! side! @M Mbinents Bre
VBQI2791 d99; M formed by damascene or dual damascene processes.

30. The method of any one of claims 16 to 29, wherein said side coil elements are
formed by the steps of: _
forming a dielectric over said substrate in¢luding said second dielectric material;
providing openings in said dielectric exposing portions of said bottom coil
element; and
filling said openings with a conductive material.
31.

The method of any one of claims 16 to 30, wherein said top coil element is
formed by deposition of a conductive material through a patterned mask.

32. Tho method of claim 31, wherein said deposition comprises electrodeposition.

33. The method of any one of claims 16 to 32, wherein side coil ¢lements are also

formed in step (d) and step (g) only includes formation of said top coil element.
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