METHOD OF FORM NG AN | NDUCTOR W TH CONTI NUOUS METAL DEPGCSI TI ON  BACKGROUND
OF THE I NVENTION (1) FIELD OF THE I NVENTI ON The present invention rel ates
generally to a nmethod of form ng a sem conductor device, and nore
particularly to forma radio frequency (RF) inductor on a sem conduct or
substrate, using continuous netal deposition. (2) DESCTIPTION OF THE PRI OR
ART Monolithic inductors built on silicon substrates are widely used in
CMOS based RF circuits such as, |ownoise anplifiers, voltage-controlled

oscillators, and [ anplifl [ t
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the performance of the RF circuits and systens. The spiral inductors

i npl enented in the standard CMOS process, however, suffer from poor Q due
to the |l ossy property of the CMOS substrate and thin netal |ayers from

whi ch the inductors are forBAGKGROLGNBIGK SHE NYENI&Mar i nductor takes up
a large die area resulting in long inter-connect |ines anong the active and
passive devices in a chip. Long interconnect lines in turn cause excess
signal | osses due to parasitic resistance and capacitance. The larger die

area al so incqugggLD{ygq@g§nquthquF integrated circuit (1C. 1 In CMOS
t echnol ogy, on-chip inductors suffer fromthree main | oss nechani sns:

ohm c,
The present invention relates generally to a method of forming a semiconductor device,

and more particularly to form a radio frequency (RF) inductor on a semiconductor substrate,

using continuous metal deposition.
(2) DESCTIPTION OF THE PRIOR ART

Monolithic inductors built on silicon substrates are widely used in CMOS based RF
cireuits such as, low-noise amplifiers, voltage-controlled oscillators, and power amplifiers. One
of the most important characteristics of the inductor is the quality factor Q, since it affects the
performance of the RF circuits and systems. The spiral inductors implemented in the standard
CMOS process, however, suffer from poor Q due to the lossy property of the CMOS substrate
and thin metal layers from which the inductors are formed. In addition, the planar inductor takes
up a large die area resulting in fong inter-connect lines among the active and passive devices in a
chip. Long interconnect lines in turn cause excess signal losses due to parasitic resistance and

capacitance. The larger die area also increases the cost of the RF integrated circuit (1C).




capacitive, and inductive. OChmc |osses are due to current flow ng through
the resistance of the netal tracks. Using wder netal |ines can reduce
ohm c losses but will also increase the capacitive losses and will also
decrease Q fromthe resulting |larger netal -to-substrate capacitance. The
di spl acenent currents conducted by the netal -to-substrate capacitance

result in capagjilyve Josses; and.the, eddy. cur Y.t h .
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U S. Patent No. 6,187,647 Bl describes, a net hod .of . uf acturing | at I
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st eps of forning the bottom legs on a first substrate;, depositing a second
subst r at edtayacksy dising aidqrrmetaks lipey paiy ssdupg Pl lassis biayil alpo dngease é§%
for each | oop through the second substrate |layer; and formng top |egs
connect i ngpaodiveslosfes sirdie Wik gslsexdasrrabnd? firom Hdj ssehing btaes nnplehto-subpleatat ep
of formng the side legs included formng a pair of vias through the
second suhsicttaice. Tiaydiplicomehecunehtseomdiegsl bartble méehositbismge samieitdneg sesuht it he
vial. The step of formng the top | egs includes form ng a channel between
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and depositing top legs in the channels. U S. Patent No. 6,201, 287 Bl

describegugﬁﬁgu&&hﬁgEMQgg%q§ﬁ5§-enhancing | Cs, CMOS inductance-enhancing
| Cs, inductor asse fies, and 1 nductance-mnultiplying nethods. In one

enbodi nment, a nonolithic inductance - enhancing I C conprises a transistor
supported by a bul k

U.S. Patent No. 6,187,647 Bl describes a method of manufacturing lateral high-Q
inductor for semiconductor devices. The method comprises of the steps of forming the bottom
legs on a first substrate; depositing a second substrate layer over the first substrate; forming the
pair of side legs for each loop through the second substrate layer; and forming top legs
connecting pairs of side legs extending from adjacent bottom legs. The step of forming the side
legs included forming a pair of vias through the second substrate layer to the bottom legs and
depositing side legs in the vias. The step of forming the top legs includes forming a channel
between the pairs of vias respectively communicating with the adjacent bottom legs and

depositing top legs in the channels.

U. S. Patent No. 6,201,287 B1 describes monolithic inductance-enhancing ICs, CMOS
inductance-enhancing ICs, inductor assemblies, and inductance-multiplying methods. In one

embodiment, a monolithic inductance - enhancing IC comprises a transistor supported by a bulk




2 mono-crystalline silicon substrate. An inductor assenbly is supported by
the substrate and connected with the transistor in an inductance-enhancing
circuit configuration having a Q factor greater than 10. |In another

enbodi mrent, a CMOS i nductance-enhancing I C includes a FET device,
supported over a silicon- containing substrate and is connected to the gate.
A second |nduc i s.recei,v h|n he |ns atlon I M cted to
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| oop, incorporating, the FET devi.c | n anot her enbodi . nonol.| h|c
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and a pair of inductors. The configuration of the FET and the pajr
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i nductors. U S. Patent No. 6,309,922 Bl describes a nethod of fabrlcatlng
on-chi p dadostsopsorteddver elsilicod-containita substraie cod @ pepregied e thengseli e preond

i nductors are fornmed by patterning conductors wthin a dielectric in a
sem condugtuotor i receividdewigii itedngilaloadiyer and @peectédstotthesousaehThe tfied ahd sdzoadk et
i npl antation or sputtering of high perneability material. In another

embodi meRtducied drk %Frax@%ﬂ@n RFecedbatkdo s McoRaekiiak Be K ddSces OV &ofithr Winbidiment,
photo-resist, whil e second area includes a patterned conductor used as
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second area, exc |ng the covered patterned conductor is subjected to
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increase the inductance of one of the inductors.

U.S. Patent No. 6,309,922 B1 describes a method of fabricating on-chip inductors and
related structure. According to one embodiment, inductors are formed by patterning conductors
within a dielectric in a semiconductor die. The entire dielectric layer is then subjected to blanket
implantation or sputtering of high permeability material. In another embodiment, a first area of
in a semiconductor die is covered with a photo-resist, while the second area includes a patterned
conductor used as an inductor. The patterned conductor is also covered with photo-resist. The
second area, excluding the covered patterned conductor is subjected to implantation or sputtering
of high permeability material. The implantation or sputtering of high permeability material in the

dielectric results in the inductors having higher inductance than they would have otherwise.

U.S. Patent No. 6,329,234 B! describes both a structure and a method of fabricating both




dielectric results in the inductors having higher inductance than they
woul d have otherwi se. U S. Patent No. 6,329,234 B 1 describes both a
structure and a nethod of fabricating both 3 copper netal-insul ator-netal
(MM capacitor and thick nmetal inductors, sinmultaneously using one nmask.
The process uses damascene and dual damascene trench/via process. High

performance devi ce structure rmed by this. jnvent.on.includ arall.e
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el ectrodes, M M capacitors, thick inductaqr tal wring, . interconnegi.s and
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invention is to describe a nethod of formng an inductor device on a

seni condpetfomanghdevies gruciuresi forpet by vt Heentspj eelude, paradiehplais wmdthe bttt
device using a continuous netal deposition schene. Another objective of

t he i nvemdtdreledralos ded capdsgoa topetivtd destfodesn MM eagaditosy, thiki mgudtewnetal
resi stance netal wring. In accordance with these objectives, an RF

i nduct or waffl, anteRbhdistaad tabadtedke said RF i nductor device on a silicon
substrate having other conponents are described. On silicon substrate,
havi ng ot her device conponents, lowk material filmis deposited and
patterned to

SUMMARY OF THE INVENTION

Accordingly, the main object of this invention is to describe a method of forming an

inductor device on a semiconductor substrate.

It is yet another object to form an RF inductor device using a continuous metal deposition

scheme,

Another objective of the invention is to describe a method to form an inductor having low

resistance metal wiring.

[n accordance with these objectives, an RF inductor and a method to fabricate said RF
inductor device on a silicon substrate having other components are described. On silicon
substrate, having other device components, low-k material film is deposited and patterned to

form inductor lower plate trenches. Trenches are then lined with barrier films such as TaN, filled




forminductor |ower plate trenches. Trenches are then lined with barrier
films such as TaN, filled 4 with copper netal and the excess netal is
pl anari zed usi ng chem cal mechani cal polishing. Another |ayer of a
inter-level dielectric filmsuch as lowk material is deposited and
patterned to forn1via hole or trenches. These vi a- hole/trench patterns are
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vi a- hol e/trenches. Via-hole/trenches are then Ilned %h pbarrier material,
and sai d forAt ep-hpleasitregphese Ehese ¢iarhqlefrpeah pagiarms ars | W@w‘ﬁ% arier Brihiel apd said
etched to forma third set of trenches. These trenches are filled with
copper nettetleerl dlidrads dilmeinaietweesnyedigngies as picherato rmg prcoad st ofgagnghes.
process results in an inductor device, enbedded in a dielectric filmand
wi th i ndliedearennizisalre filled wigh heppengetab pgbplenoizsd. s Achirdhyerifententeayel dielectric
cross-section in turn reduces the resistance of the device structure. The
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details of fabricating a sem conductor device according to this invention
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removed by a planarizing process.

Said process results in an inductor device, embedded in a dielectric film and with
inductor metal wiring having large cross section. The large cross-section in turn reduces the
resistance of the device structure. The inductor can be designed to be of several shapes

comprising spiral, polygonal, square, omega shaped, or horseshoe shapes as viewed from the top.
BRIEF DESCRIPTION OF THE DRAWINGS.

The objects, advantages, and details of fabricating a semiconductor device according to
this invention will be more clearly understood from the following defailed description taken in

conjunction with the accompanying drawings.




conjunction with the acconpanying drawings. 5 Figure 1 is a cross-section
of the partially forned structure, showing the first trench mask pattern
over the first dielectric film Figure 2 is a cross-section of the
partially formed structure, after the trenches have been etched in the
first dielectric film Iined with barrier film filled with copper netal,
and pl anari ze ure S

structure, g%f\?’l"‘ngf %I u S(%ng Or%eo(rilrgt:kﬁe psaﬂ%?l&%[%?et gsfrtrrlf&ggeérg%r“hh glgn 51;3 ect kal c
film Fi%ure4|s rgs i on of the partlallyforrred structure, after
vi a- hol ePEHSEACHELhHERFE ‘e%«%té‘ﬁ Pched in the second dielectric film filled
with barrier netal, and planarized. Figure 5 is a cross-section of the
partially formed structure, showing trench mask pattern and trenches
etched in the second dielectric filmin between the barrier netal
structure. Fi §iguee Bisiascrasseeeing-of deapagiallafiomrs syaemraal aier thsrthmghesthaye besne,
after filling the trenches in the second dielectric filmwth copper netal
and pl anatdhzd ingheficedglaetcailm, Fhgiuwith Fariier g fidlsd with coppen mefaltdnd pleetizeal | y
formed structure, show ng via-hole/trench mnask pattern over a third
dielectric film 6 Figure 8 is a cross-section of the partially forned
structure, after vial/trenches have been

Figure 3 is a cross-section of the partially formed structure, showing via-hole/trench

mask pattern over a second dielectric film.

Figure 4 is a cross-section of the partially formed structure, after via-hole/trenches have

been etched in the second dielectric film, filled with barrier metal, and planarized.

Figure 5 is a cross-section of the partially formed structure, showing trench mask pattern

and trenches etched in the second dielectric film in between the barrier metal structure.

Figure 6 is a cross-section of the partially formed structure, after filling the trenches in

the second dielectric film with copper metal and planarizing excess metal.

Figure 7 is a cross-section of the partially formed structure, showing via-hole/trench

mask pattern over a third dielectric film.




etched in the second dielectric film filled with barrier netal, and

pl anarized. Figure 9 is a cross-section of the partially formed structure,
showi ng trench mask pattern and trenches etched in the third dielectric
filmin between the barrier netal structure. Figure 10 is a cross-section

of the fully fornmed inductor, after filling the trenches in the second
dielectric filkmw capper t al : Iqﬁgg' j : I 11
a, 11 b, Ilc s u%vgs%ﬁraecg&g% e(ftﬁ)gl Ogé%%a[eﬂys apéedgsjt Ilggt u%éﬁ%’? 64212%&225 leveRé from

the top: round coil or. spir (Eio, 1.1 . OITe ig. 1l by, and square coil
or spi raletc%?‘;{lﬁlt?e fe(‘f??‘ﬂfhﬁ%?mﬁgjﬂm’ EQ%“%‘? E@Frer&e@netaﬁg?l%%ﬁ}zﬁv'enti ons process.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Al t hough t he enbodi nent shown in the
acconpanyi ng figures and descri bed hereafter describes a copper inductor
structure formed within three layers of inter-level dielectric film the

i nduct or st r ufiawe? sarcrerswestian Behe ptily PrngfoTRIC R nshowingisanch Mk PAfE.

| ayers of inter-level dielectric films. 7 The process of form ng an

i nduct or adéutsdebegiadsn wietthird diptesirici fiigp ia bdiveker tterhacrid infatal $Ructager a

sem conductor substrate 10, having already fornmed device el enents such as
active elenent like a transistor or passive elenent such as a capacitor.
Said dielectric filmis conposed of either organic or inorganic materials.

Organi c type mahef i@lsSa GBEPRSBoP B BUTuIDF fRABd RRIBMS after filling the trenches in the

second dielectric film with copper metal and planarizing excess metal.

Figure 1la, 11b, I1c show three of the possible shapes of inductors, as viewed from the
top: round coil or spiral (Fig 11a), omega (Fig 11b), and square coil or spiral (Fig 11c), that can

be fabricated with the inventions process.
DETAILED DESCRIPTION OF THE INVENTION

Although the embodiment shown in the accompanying figures and described hereafter
describes a copper inductor structure formed within three layers of inter-level dielectric film, the
inductor structure can however be formed in more than or less than three layers of inter-level

dielectric films.




pol ymers such as, poly-tetrafluoro ethylene (PTFE), polyimde, |owk
materials |like Si LK, (Manufacturer: The Dow Chem cal Conpany, M dl and,

M), poly arylenes, cyclotenes, and teflons, and/or polyimde nanofoans.
The inorganic and hybrid (conbination of inorganic and organic conponents)
type materials conpose silicon dioxide, nitridized silicon dioxide, silicon

nitri de, Oxyg%F- %c%gs 3f lf(l)r%IqH M G4d gﬁ)’f dév"iéé &g&s%ﬁ? Tdegé)sriﬂix%ea (ﬁilgfe%%%glmlzﬁp) '
spi n-on gl ass ISoe nanoporous sfﬁlca, organo-silicate ass :
met hyl sil sesqui oxane (MSQ), hydrogen sil ses- quioxane (HSQ, and/or silica
aer ogel s ovdd £laaiconductdr lsubsahitet hd,c khessy apprigxfomate Hyvibetloments shGOGs Axctiv6000
A is deposited using nethods such as chem cal vapor deposition (CVD),

pl asma- egRaRGerk CMPansARE 08 passRieiMenPERB QS § clgtoittr. | SuiddicRttriartilm if\composed
phot o-resi st mask pattern 14 is then fornmed over said dielectric film
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Trench patterns are en etched into dielectric filml Trench etching
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resi st mask in oxidizing plasma with gases such as 02 or 02 + N20, .
organic components) type materials compose silicon dioxide, nitridized silicon dioxide, silicon

nitride, oxygen-doped silicon nitride, silicon oxy-fluoride (SiOF or FSG), spin-on glass (SOG),

nanoporous silica, organo-silicate glass (0SG), methyl silsesquioxane (MSQ), hydrogen silses-

quioxane (HSQ), and/or silica acrogels. Dielectric film of thickness approximately between
1000 “A - 5000 °A is deposited using methods such as chemical vapor deposition (CVD),
plasma-enhanced CVD, and/or spin-on process known in prior art. A photo-resist mask pattern
14 is then formed over said dielectric film using processes of lithography known in prior art, as

shown in Figure [.

Trench patterns 16 are then etched into dielectric film 12. Trench etching is done using a
suitable plasma process, known in prior art, that achieves near-vertical profiles in said dielectric
film. If the dielectric film is the inorganic type, gases used for plasma etching basically consist

of fluorinated gases such as CFs, CHF3, and/or C;F; with or without additive gases such as Ar,




the trenches are lined with barrier film18 wth approxinmate thickness of
about 100 A - 500 AA Said filmis conposed of Ta, TaN, and/or Ti N and
deposited by nmethods such as collinmated sputtering, ionized netal plasna
deposition, and/or CVD, know in prior art. Lined trenches are then filled
with copper 20, using nethods of electroless plating, electrolytic plating,

CVD, d/ | gt d I t
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2. Although copper is used in the ﬁ}referred enbodi nent, ot her conduct or
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be used. Second dielectric film22 is deposited next. Said second
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Organic type materials are conposed of porous or non- porous polynmers such
as, pol yspeteriag|ioorel etiayplemen (dPEiEpn, ndloy iAW &knowonpkiomat.erliieddstrdnckes are

Si LK, (Manufacturer: The Dow Chem cal Conpany, Mdland, M), poly aryl enes,
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mechanical polishing. The resulting structure after planarization is shown in Figure 2. Although
copper is used in the preferred embodiment, other conductor metals composing aluminum,

aluminum-copper alloy, gold, and/or silver can be used.

Second dielectric film 22 is deposited next.  Said second dielectric film is composed of

either organic or inorganic materials. Organic type materials are composed of porous or non-
porous polymers such as, poly-tetrafiuoro ethylene (PTFE), polyimide, low-k materials like
SiLK, (Manufacturer: The Dow Chemical Company, Midland, MI), poly arylenes, cyclotenes,
and teflons, and/or polyimide nanofoams. The inorganic and hybrid (combination of inorganic
and organic components) type of materials compose silicon dioxide, nitridized silicon dioxide,
silicon nitride, oxygen-doped silicon nitride, silicon oxy-fluoride (SiOF or FSG), spin-on glass

(SOG), nanoporous silica, organo-silicate glass (OSG), methyl silsesquioxane (MSQ), hydrogen




si | sesqui oxane (HSQ, and/or silica aerogels. Dielectric filmof thickness
approxi mately between 1000 A - 5000 A is deposited using nethods such as
chem cal vapor deposition (CVD), plasnma-enhanced CVD, and/or spin-on
process known in prior art. A photo-resist mask wth via/trench pattern 24
is then forned over said dielectric filmusing processes of |ithography

hom" ot BRI Bht yriRur BB ik G eRep ) Blt IR BBBL! BhfSidh ) ©
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shown in Figure 4 _Etc top.on the first dielectric layer s not,a ..
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mask, vial/trench patterns are then filled with barrier film 30 copposed of
Ta, TaN, (G¥R) dlasmiangniianosd ORI SAnrRSL PBERSS KRRV HisPTiQs Gty Pnpliodeyresist mask
sputtering, ionized netal plasma deposition, and/or CVD, know in prior art.
Excess ahwiagrenich pattern 24 iretheroformed oees saidfdislentir Himetséeg proecssdsion i s r enoved
by pl anari zation nethod such as, chem cal nechani cal polishing. The

resulting,structure after planayization is shown in Figure 4. A
photo-regﬁggwﬁg%kh%ﬁf’Wﬁ”ﬁﬂ%§éggﬁaﬁ?F%%gwkéattern, is formed on said second
dielectric film Trenches 34, as shown in Figure 5, are then etched in

said dielectric film in between barrier-filled via-hole/trenches, using
ani sotropi c pl.as rocess and_.to stop on the copper, fil under neat h: .and
the mask 1 SVRTEHEHeBY boerguPh % S o rs g rairs (1 Bt G
filling the trenches with copper 36, using 10 X , )
plasma process as shown in Figure 4. FEtch stop on the first dielectric layer is not a problem,
since etch stop occurs on the copper film. After stripping the mask, via/trench patterns are then
filled with barrier film 30 composed of Ta, TaN, and/or TiN using deposition methods such as
collimated sputtering, ionized metal plasma deposition, and/or CVD, know in prior art. Excess

barrier film on the top surface of said diclectric film is removed by planarization method such as,

chemical mechanical polishing. The resulting structure after planarization is shown in Figure 4.

A photo-resist mask 32, with second trench pattern, is formed on said second dielectric
film. Trenches 34, as shown in Figure 5, are then etched in said dielectric film, in between
barrier-filled via-hole/trenches, using anisotropic plasma process and to stop on the copper film

underneath; and the mask is stripped off.

Figure 6 shows the structure in Figure 5 after filling the trenches with copper 36, using
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met hods of electroless plating, electrolytic plating, CVD, and/or
collimated or ionized nmetal sputtering known in prior art; and planari zing
excess copper using chem cal nechanical polishing. Al though copper is used
in the preferred enbodi nent, other conductor netals conposing al um num

al um num copper alloy, gold, and/or silver can be used. Third dielectric
film38 is _deposite ext, .Sai econd ,di el ic filmis. ¢
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of porous or non- porous polymers such as, poly-tetrafluorp ethylene .
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Chem cal Conpany, Mdland, M), poly arylenes, C};cl‘otenes, and tefl ons,
and/ or poblshingdeAlthoveh owpeer Ingredaii heanepionasr PEbPBISBY ks ofPIdECPR SRR ¢
and organic conponents) type materials conpose silicon dioxide, nitridized
si | i con dbmpisieg alusinung ehmitwm-deppeorige goldopeldorsilivércem babsedi de, silicon
oxy-fluoride (SiOF or FSG, spin-on glass (SOG nanoporous silica,
organosilicate glass (0OSG, nethyl silsesquioxane (MSQ, hydrogen-

hydr ogensi | sesqui oxane (HSQ , and/or silica aerogels. Dielectric film of

t hi ckness apphpdidiatatiy fibet38cierledB306d Acxt. SROO sévond dikdgposd fibal inisomppsaphods
such as, chem cal vapor deposition (CVD), plasnma-enhanced CVD, and/or
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formng via/trenches is then formed over said dielectric film using

processes, 0f <14 yﬁ?@g R&Y ag"@}i@‘-té—ti@ﬂﬁ)érboéth Ele (BSFEShO¥RinhiBe, FoOMK Sndferials like

Vi a/tren?_ﬁ p‘)lgtdto rns %2 are then etched if\l sai(d '[E?II rﬁgwdi electric filmusing

ani sot ro%‘il?[(, (Manufacturer: The Dow Chemical Company, Midland, MI), poly arylenes, cyclotenes,
and teflons, and/or polyimide nanofoams. Inorganic and hybrid (combination of inorganic and
organic components) type materials compose silicon dioxide,  nitridized silicon dioxide,

siliconnitride, oxygen-doped silicon nitride, silicon oxy-fluoride (SiOF or FSG), spin-on glass

(SOG)nanoporous silica, organosilicate glass (OSG), methyl silsesquioxane (MSQ), hydrogen-

hydrogensilsesquioxane (HSQ), and/or silica aerogels. Dielectric film of thickness
approximately between 1000 °A - 5000 °A is deposited using methods such as, chemical vapor
deposition (CVD), plasma-enhanced CVD, and/or spin-on process known in prior art. A
photo-resist mask pattern 40 for forming via/trenches is then formed over said dielectric film

using processes of Hthography known in prior art, as shown in Figure 7.

Via/trench patterns 42 are then etched in said third dielectric film using anisotropic

plasma process. Since via-hole/trench pattern falls outside the metal pattern underneath, there is
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pl asma process. Since via-hole/trench pattern falls outside the netal
pattern underneath, there is 11 no etch stop to stop on the second
dielectric layer. This necessitates precise control of the etching
process. Alternatively, a filmwhich offers etch stop capability to the

pl asma used for etching said third dielectric filmcan be deposited prior

to depositing said third dielectric film . After tripping t Ky oo

vi a- hol ePP F@ﬂéwpﬁ%t“f)&oﬁghea 801’tdrc1 Hegtrip i‘aé(af- \)ﬁ{s}peﬁgﬁﬁe}tgﬁﬁ%ﬁe&p flgﬁ Oﬁﬁ ec%tﬁ}f)%% ed
of Ta, TaN, and/or Ti N using deposition nethods.such as collinmated .
sput t er i REPCCToNERglYRY.af ﬁl%wég%ot%@ﬁ&&ahﬁf%?apaﬁww @\‘-‘/m}awme"?rﬁwp?@a?g
art. Excess barrier filmon the top surface of said dielectric filmis
removed Ilsgidphiahdicleztici Blm pasnt brodenosiét! priordhalepesiiingnisichiiidclisledds ifdmi ndfterhe
resulting structure after planarization is shown in Figure 8. A

phot o- r esirippingaskmddk, viasiitohe/sewhpdti¢rneae thepdilied ithi terray mméatiabdd serhpbsséebnd
dielectric film Trenches 48, as shown in Figure 9, are then etched in

said thir ielectric. . film in betwee barr.ier terial-filled .

oo hol et 148 68 /Ofuif%‘s‘e?ﬁi deBpTHON Grepiogs RHCth o crilitalad: il Sonizsd, etal o
since the trenches, have to stop on second dielectric_fil unl ess an_et.ch
St op. | ay SlaTHACBRRITn. BIRUR LR, EPRGARER St Erih et Bk DEHOP BitRsg of Seid
trenches are then filled with copper 50, using nmethods of electroless

pl ati ng, diedaisext filod istriemoptdaley plgnarzeinn medrd sudicls| shamicakimeghapigali podighipgt dpe
sputtering known in prior alt. Excess copper netal and barrier filmon the
t op surf aesmitof; sgadtarediftet glatarizetidr is whaven mdnpwed. by

A photo-resist mask 46, with second trench pattern is formed on said second dielectric
film. Trenches 48, as shown in Figure 9, are then etched in said third dielectric film, in between
barrier material-filled via-hole/trenches, using anisotropic plasma process.  Etch time is critical
since the trenches have to stop on second dielectric film, unless an etch stop layer has been

provided. The mask is then stripped off.

Lined trenches are then filled with copper 50, using methods of electroless plating,
electrolytic plating, CVD, and/or collimated or ionized metal sputtering known in prior art.
Excess copper metal and barrier film on the top surface of said dielectric film is removed by
planarization method such as chemical mechanical polishing. The resulting inductor structure
after planarization is shown in Figure 10. Although copper is used in the preferred embodiment,

other conductor metals composing aluminum, aluminum-copper alloy, gold, and/or silver can be
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pl anari zati on nmethod such as chem cal nechanical polishing. The resulting
i nductor structure after planarization is shown in Figure 10. Although
copper is used in the preferred enbodi nent, other conductor netals
conposi ng al um num al um num copper alloy, gold, and/or silver can be 12
used. The advantages of this invention over prior art are: a) inductor
structure %fth | arge netal cross-section, providing a |ower wre

resi stant®% b) continuous netal deposition scheme without any interfaces
causing contact resistance problens, c) potential for using different
dielectric materials for the different |ayers, providing additional

control over the performance.of the device. Wile the invention has been
particul arly JheMYaRREcRILSiIBERIH P! PRSI HEe to the general enbodi nent
and a specific application thereof, it will be understood by those skilled
in the art that,dell Gueuth Va8 gk heldtmsandtisetrrdliding @ idwhe wikidagtaased
applications naybe nade w thout departing fromthe concept, spirit, and
the scope of the invention. 13 What is clained is: 1. A nmethod of formng a
monol i t hi ¢ i ndustoinuotheeist gposigionpehiesiergthout any interfaces causing contact resistance

problems,

¢) potential for using different dielectric materials for the different layers, providing

additional control over the performance of the device.

While the invention has been particularly shown and described with reference to the
general embodiment and a specific application thereof, it will be understood by those skilled in
the art that various changes in form and details to the method and applications may be made

without departing from the concept, spirit, and the scope of the invention.
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formng a first dielectric layer on a sem conductor substrate having device
components; formng first trenches in said first dielectric layer; formng
first barrier material liner on said first trench walls; filling said first
trenches with first nmetal and planarizing said first netal; formng a
second dielectric layer over said first dielectric filmhaving filled first
trenches; fog}%gg {i.rs . Via-trench patterns in said second dielectric
layer; fillin §'HPFSE via-trench patterns with second barrier materi al
and planarizing said second barrier material; formng second trenches in
sai d second dielectric layer between said second barrier material filled
first via-trenches; filling said second trenches with second nmetal and
pl anari zi ng s&i ¢ mebeohef fperiag 2 maekhihgdectenh hedleas 6pepesE | ayer over said
second dielectric filmhaving second netal filled second trenches; forming
second vi a-t r Emoingpafitsedielsctiin layai oh & kinidordiueforsitbsirate hayiag devi¢d bompprsalisd
second via-trench patterns with third barrier material and planarizing said
third barri erfd}fﬁﬁ%rﬂiraﬂtrenﬁmsrth Rgd it kikldcrrniates i n sai d second dielectric
| ayer between said third barrier netal filled second via-trenches; and
forming first barrier material liner on said first trench walls;
filling said first trenches with first metal and planarizing said first metal;
forming a second dielectric layer over said first dielectric film having filled first trenches,
forming first via-trench patterns in said second dielectric layer;
filling said first via-trench patterns with second barrier material and planarizing said
second barrier material;
forming second trenches in said second dielectric layer between said second barrier
material filled first via-trenches;
filling said second trenches with second metal and planarizing said second metal;
forming a third dielectric layer over said second dielectric film having second metal filled
second trenches;
forming second via-trench patterns in said third dielectric layer;
filling said second via-trench patterns with third barrier material and planarizing said
third barrier material;
forming third trenches in said second dielectric layer between said third barrier metal

filled second via-trenches; and

filling said third trenches with third metal and planarizing said third metal.
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filling said third trenches with third netal and planarizing said third
netal. 14 2. The nethod of formng a nonolithic inductor according to
claim1l1, wherein said first dielectric filmconprises poly-tetrafluoro

et hyl ene, polyimde, poly-arylenes, cyclotenes, teflons, and/or polyimde
nanof oans. 3. The nethod of form ng a nonolithic inductor according to

C! ai m 1 V\/nerﬁ EBSWI ! Smgﬁ'é g%ﬁoﬁ%mhec ng\éc%rca%c%)rﬁinfg%a cfal rﬂe%nog%lcfj 1rst

nitridized si oxygen+ ope $|I|con nitride
silicon oxy-flugride, spin-on ass noporous siljca,. or gano SI|IC te

gl ass, ?%stfil%%mss&%m@ I e A R e R L
aerogels . The nethod of form ng a nonolithic inductor according to claim

1, mhereﬁwﬂ®aKﬂMﬂﬁ¢%mﬂw8W@$ectr|c filmhas a thickness of approxi mately
bet ween 1000 A - 5000 A. 5. The nethod of form ng a nonolithic inductor
according to claim1l, wherein said first barrier material conprises Ta,
TaN, and/or TiN 6. The nethod of form ng a nonolithic inductor according
to claimb5, whematmeataidbffomshg abamolitiic mat@od akbodingan ctdndk mdsein sid first
approxi mately between 100 A - 500 A. 7. The nmethod of forming a nonolithic

i nduct or jaeR{diRY bompeib@l Midon WoLIdE] Misdlidldilicwh dibBHE! sik@NPhilER, akyBnnum
copper, alunlnun}copper alloy, gold, and/or silver. 8. The nethod of

form ng ﬂoﬁ@nﬁixé&nhhﬁn&é?q}{ﬁBQ 0xF9GBEEE, NGpinCort bR danoBRASisNicaabano-silicate

glass, methyl silsesquioxane, hydrogen silsesquioxane, and/or silica aerogels.

4. The method of forming a monolithic inductor according to claim 1, wherein said first

dielectric film has a thickness of approximately between 1000 °A — 5000 A.

5. The method of forming a monolithic inductor according to claim I, wherein said first

barrier material comprises Ta, TaN, and/or TiN.

6. The method of forming a monolithic inductor according to claim 5, wherein said first

barrier material liner thickness is approximately between 100 °A — 500 °A.

7. The method of forming a monolithic inductor according to claim 1, wherein said first

metal comprise aluminum, copper, aluminum-copper alloy, gold, and/or silver.

8. The method of forming a monolithic inductor according to claim 1, wherein said
second dielectric film comprises poly-tetrafluoro ethylene, polyimide,poly arylenes, cycl-otenes,
and teflons, and/or polyimide nanofoams.
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second dielectric filmconprises poly-tetrafluoro ethylene, polyimde,poly
aryl enes, cycl-otenes, and teflons, and/or polyimde nanofoans. 15 9. The
met hod of forming a nonolithic inductor according to claiml1, wherein said
second dielectric filmconprises silicon dioxide, nitridized silicon

di oxide, silicon nitride, oxygen-doped silicon nitride, silicon
oxy-fluoride, spin-on glass, nanoporous silica, organo- silicate glass,

nmet hyl sil sesqui oxane, hydrogen sil sesqui oxane, and/or silica aerogels. 10.
The met hod of formng. a nolithic inductar accordi to glaimil, wherein
sad second 8 elBCRed i Rl o i ceddti s Ry Thatadihttboo
A - 5000 A. 11. The nethod of formng_ a nonolithic¢ inductor according.to

cl ai m 1, sodead eligleatis dilms eerapiipen aHicPr rdiprdte r imiridpsapsilicondiqde, TsNpony

TiN. 12. The nmethod of formng a nonolithic inductor according to claim]l,
wher ei n saygkn-doped nidicoe nitide erpon Sas-fhlodde.npin-aoglpsr | naRPPPRoRY Ailied plygano-
all oy, gold, and/or silver. 13. The nethod of form ng a nonolithic inductor
accor di ngilicate glaas, ndthyidieesghioxani dytdgedsilsdigmicaans, aed/i dilnacenmgelsses
poly-tetrafluoro ethylene, polyimde, poly arylenes, cyclotenes, and

tefl ons, and/or polyimde nanofoans. 14. The nethod of formng a nonolithic
i nductor according to claiml, wherein said third dielectric film

conprises silicon dioxide, nitridized silicon dioxide, sjlicog nitride,
oxygen doped [0.The method of forming a monolithic inductor according to claim 1, wherein said

second dielectric film has a thickness of approximately between 1000 °A — 5000 °A.

11. The method of forming a monolithic inductor according to claim 1, wherein said

second barrier material comprises Ta, TaN, and/or TiN.

12. The method of forming a monolithic inductor according to claim I, wherein said

second metal comprises aluminum, copper, aluminum-copper alloy, gold, and/or silver.
13. The method of forming a monolithic inductor according to claim I, wherein said third
dielectric film comprises poly-tetrafluoro ethylene, polyimide, poly arylenes, cyclotenes, and

teflons, and/or polyimide nanofoams.

14. The method of forming a monolithic inductor according to claim 1, wherein said third

dielectric film comprises silicon dioxide, nitridized silicon dioxide, silicon nitride, oxygen doped
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16 silicon nitride, silicon oxy-fluoride, spin-on glass, nanoporous silica,
organ-silicate glass, nethyl silsesquioxane, hydrogen silsesqui oxane,
and/or silica aerogels. 15. The nethod of formng a nonolithic inductor
according to claim1l, wherein said third dielectric filmhas a thickness
of approxi mately between 1000 A - 5000 A. 16. The nethod of form ng a
nonol i thic inductor according to claiml, wherein said third barrier
material conprises Ta, TaN, and/or TiN 17. The nmethod of formng a

nmonol ithic inductor according to claim1l1, wherein said third netal

conpr i sesilbumitAde silt@ppety-fladride; nspin-oo s, atanoygrogpobitiga, amghinorsilsiatey ghass, 17

methyl! silsesquioxane, hydrogen silsesquioxane, and/or silica acrogels.

15. The method of forming a monolithic inductor according to claim 1, wherein said third

dielectric film has a thickness of approximately between 1000 °A ~ 5000 °A.

16. The method of forming a monolithic inductor according to claim 1, wherein said third

barrier material comprises Ta, TaN, and/or TiN.

17. The method of forming a monolithic inductor according to claim 1, wherein said third

metal comprises aluminum, copper, aluminum-copper alloy, gold, and/or silver.
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