; ope3eaD"$( 6TDClI #A METHOD OF FORM NG AN | NDUCTOR W TH CONTI NUOUS METAL
DEPGCSI TI ON BACKGROUND OF THE | NVENTION (1) FIELD OF THE | NVENTI ON The
present invention relates 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) DESCTIPTI ON
OF THE PRI OR ART Monolithic inductors built on silicon substrates are

wi dely used in CMOS based RF circuits such as, | ownoise anplifiers,

vol tage-control |l ed oscillators, and power anplifiers. One of the nost
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i nductors inplenmented in the standard CMOS process, however, suffer from
poor Q due to the |ossy property of the CMOS substrate and thin netal

| ayers from which the induc&gLiiére fornmed. In addition, the planar

i nductor takes up a |arge di RO OF RREINVEDHEONNt er - connect 1 nes
anong the active and passive devices in a chip. Long interconnect lines in
turn cause excess signal |osses due to parasitic resistance and

capaci tance. The larger die area also increases the cost of the RF

i ntegrated circliEIELDGYF THE INVENTIIDSE t echnol ogy, on-chip inductors suffer
fromthree main | oss nechani snms: ohm c, capacitive, and inductive. Chnmc

| osses are due to current flow ng through the resistance of the netal
tracks. Using wider netal |ines can reduce ohmc |osses but will also

i ncrease the capagﬂegénv@deﬁﬁ@ﬁﬁla_@ésdga%ﬂallyr@d 8 OnelRfr B Anik: far MidoRBudt &St Iden
| arger netal -to-substrate capacitance. The di spl acenment currents conducted

by the mehad mofe patISHER & W&iracﬁ@%gﬁmmkp%%&%%m é’e‘?nil:é}ﬁiﬁﬁréé gﬁdgg?&he

eddy currents generated by the magnetic f enetrating 1nto t rate
result ingd 1 I J. S Patent No. 6,187,647 Bl describes a nethod
of nanufag%ﬁgyﬁgh'gﬁé@i@qﬁpaﬁh “inductor for sem conductor devices. The

met hod conprises of the steps of formng the bottomlegs on a first
substrate; depositing a second substrate | ayer over the first substrate;
form ng the paj | p through the second substrate

| ayer; and for¢$H@é%@tﬂﬁ@ggqi%ﬁﬁgéﬁﬁﬁ%Jggﬁrs of side |legs extending from
adj acent bottomlegs. The step of formng the side |l egs included formng a
pair of vias through the second substrate layer to the bottomlegs and
depositing side legs in the vias. The step of form ng the top |egs includes
form ng a chanMenolhicwiadrctersebuilhionssiligonviubstratess gre cwidely| ysed onraMDSabdsedy RA t h
t he adj acent bottom | egs and depositing top legs in the channels. U S.

Pat ent Norir@ijt2 Gich2B7 loBl-na ssamplifess, vohadeidontrollédnahoilaming ané paarcinidifiefss , OKMOS
i nduct ance-enhancing |1 Cs, inductor assenblies, and inductance-nmnultiplying
met hods.  bfthe meose itiputiane tliaracter FHEVLS thiigduchd Ue thanflity BABAOCEIRE: |t Gffects the
conprises a transistor supported by a bulk 2

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 long 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 (IC).



nono-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. |n another

enbodi ment, a CMOS i nduct ance-enhancing I C includes a FET device, supported
over a silicon-containing substrate and is connected to the gate. A second
i nductor is received within the insulation |ayer and connected to the
source. The fi ' r .0 000, -

i ncor porating ?ﬁ%M?gegglgﬁ%g’. 61@“@?@?&%& sgf o%@ﬂneg}ﬁg? hlgmﬁl;g%s?ﬁ%ﬂ |1(§rn és'u strate
is provid ' G i.s.formed . and includes. an. FET device and

oai £ of 1 Gepacah o6 T i (Cip 100G A0 b B Rl e Facne dne
is such as fectiv i ncrease the inductance of one af the indyctors.

U.S. Pat eme?ﬁfkl&'ac&ﬂ g B! rﬁ@%‘cﬂ?‘f?e%anar%‘f%@ﬁfnﬁf %F%(r)t?“éd’t" Y5 M the

i nductors and, rel ated structure. According to one enbodi nment, inductors are
formed by S3REHEE NORES cBNAUEH ofleo \deerspss Q dram eder resuliing olargsr mefAlousubytrag e
The entire dielectric layer is then subjected to blanket inplantation or
sput t er i néerstitancg hsatisplasbinentioprragts epndalcted by thmmetakto-sibbiots papacitange fasulg in
area of in a sem conductor die is covered with a photo-resist, while the
second ar eaparitivt Uekess; anpabe eddie durcamted pertecated b dhea magneticnthue peretrafife into the
patterned conductor is also covered with photo-resist. The second area,

excl udi ngsitseate easeh &dindadtivernswses. conduct or is subjected to inplantation or
sputtering of high perneability material. The inplantation or sputtering of
hi gh perneability material in the dielectric results in the inductors

havi ng hi gher inductance than they woul d have otherwi se. U S. Patent No.

6,329, 234 Bl dgsgry t t geggnd  cat i 3
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copper metal -insul ator-neta capacitor and thic uct or

si nul tanequsly, is&qic%&&m%évﬁg@grg% DEFSS HRERAATRRCENE AR Ine batig,

damascene trench/vria process. g or manc evi ce structures~fornmne

this invention inclu rallel plate capacitor botto tal electrode
and capac ?etg(s.)P " tag%Stnsélggfatéél SR G g S,ecﬂ}fq\ﬁ”?’gtﬁé%hytﬁ %‘fertﬂ?ﬁn}é’%&@a‘ﬁ%‘i’; PIREE dpe
W ring, inter on&ﬁgs nd contact vias. SUMVARY OF THE | NVENT| ON

Accor di ngPY¥ ¥ rtderien fgbjcach loap thiroueh; thgeseeonsh splstipls e g fopming mp desy
form ng an inductor device on a sem conductor substrate. It is yet another
obj ect t oCPBEFHIGPAE of pideidags exigading Eopsadingert hodam Jagio ubherierad! founios ithe vde
schene. Anot her objective of the invention is to describe a nethod to form
an i nduct &8s irphided forving egiaitafndas thetugh the sdconyd substrate dayed snde wittbin lege sl
obj ectives, an RF inductor and a nethod to fabricate said RF inductor

devi ce ondepositing e Isgthist thatvéashatiengepodhiormmgnheneniegs afchudde $&rmides chédnel
silicon substrate, having other device conponents, lowk material filmis
deposi t edban@erpalid PhiRe @f tvaash edspadtiRelyCémla¥RIngPlvth ethé r RINCBAS botthENERReanAr €
then lined with barrier filnms such as TaN, filled

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



4 wth copper netal and the excess netal is planarized using chem cal
mechani cal polishing. Another |ayer of a inter-level dielectric filmsuch
as lowk material is deposited and patterned to formvia-hole or trenches.
These vi a-hol eftrench patterns are lined with barrier material, and said
inter-level dielectric filmin between via/trenches is etched to forma
second set of trenches. These trenches are filled with copper netal and

pl anari zeghonbcrfitdihe 8%&5n ijsf.r%g.ermll QHcﬁJctc{i][: agéeﬁlg:fl% '/1{ rs%éﬁgﬁfgg %gdt‘ﬁgosﬁbét L pext

and patterned t'o formvi a-hol e/trenches. re then Tined

i i 2] id_i. - | | diel. ic.filmbet t
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dielectrig filmand with inductor netal wiring having | arge cross section.
The | ar ge%EY“E)% Sugpoctef gyes 4 sflisprrepriainpgssubsigats ard iy envpecterdt fq the gnesyi desecond
structure, The inductor can be designed to be of several shapes conprising
spiral, pédpgenisireceidayitin dedesalating frver andreoherctaddh de sohmpe Tha §rsy redveedotid om
the top. BRI EF DESCRI PTI ON OF THE DRAWNGS. The obj ects, advantages, and

det ai | s ofindugliors asatranged insefeedimnkl lnpppmcotpuiatieg theddiTddavipet In danhihsr émbeivhben
wi Il be nore clearly understood fromthe followi ng detailed description

t aken i n eanjnalitid sphstvitd i3 provédelonomdengMES Mt RVbigR. anB inclideg b €ET deSic@and
cross-section of the partially forned structure, showing the first trench
mask a pair of inductors. The configuration of the FET and the pair of inductors is such as effectively

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 B1 describes both a structure and a method of fabricating both



partially fornmed structure, after the trenches have been etched in the
first dielectric film lined with barrier film filled with copper netal,
and planarized. Figure 3 is a cross-section of the partially fornmed
structure, show ng via-hole/trench mask pattern over a second dielectric
film Figure 4 is a cross-section of the partially fornmed structure, after

vi a- hol e/ 3 in. j ric.fi filled

i £ by r PR AR RS SN cdbflilo 8n8 BOE heft) MEEHLL SirblilaMo b it
artiall r S C show ng trench k., pattern and trenches ched

o ho soohO R, dbt ittt REP HeBRiebhs H50 RE SR e el ckr Bibfeiv o, Fhih
Figure 6 is_.a cross-section of.the partially. far structure, after

(il ng t RECPBRES G156 SULRUTeS Joprd B BheiRs t@nflqu?ffwaqaﬁ%ldﬂ%ﬁamt@] bostesn

pl anari zi ng _excess netal. Fi gure 7 is a cross-section of the partially

i
formed st FITER (H¥rodesodlhth GaRACHOM iPemetab lestradesk MIM tcapasiterse thigk tipductpr metal
dielectric film 6 Figure 8 is a cross-section of the partially forned
st ruct ur e Vigig &ytergongeets end prakach#i@® been et ched in the second dielectric
film filled with barrier netal, and planarized. Figure 9 is a
cross-section of the partially formed structure, show ng trench mask
pattern and trenches etched in the third dielectric filmin between the
barrier netal structure. 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.

In 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



Figure 10 is a cross-section of the fully fornmed inductor, after filling

the trenches in the second dielectric filmwth copper netal and

pl anari zi ng excess nmetal. Figure | la, 11b, 1l1c show three of the possible

shapes of inductors, as viewed fromthe top: round coil or spiral (Fig

11a), onega (Fig | Ib), and square coil or spiral (Fig 11c), that can be

fabricated with the inventions process. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON /it [ g ' : NN [.gur d
Wik itg:?gthmteﬁ@ Bl s el T V@Iﬂ%%qah% ﬂﬁ{fé) Eﬂfrﬂ%ﬁl %eéﬂaﬁ%aﬁﬁ?%ﬂ}{lg.

descri bed her ter describes a copper uct or é cture torme

three | ayey, i - Ir-ef rhC fil the inductor structure ca
however baTPURE Iyl el SueLUBb NG it 1o weRHC Beniird i PGt o
dielectrig fil.ns., 7 The cess ,of formng an inductor device begins with
deposi t i ndOd VFEPley preachep Riess Viialerisenst neehaiie F wilb Sewist matenal matlsaiy

al ready forgtgld cfevi ce.elenments such as active elenment |ike a transistor or
passi ve el Srfefve! didprtds filmdn phetvees via/ggnchesisopteliady fociorm | avsacand: ssrd Sernchs.

ei t her or%ani c or inorganic materials, Organic Type materials conpose
porous or LHEHK-Usaehss erefblisdwith coppermatsl andatlgnariaed. ad ithind leyertdfyntenleve] Mgk tic
polyimde, lowk materials |like SILK, (Minufacturer: The Dow Chem cal
Conpany, Kimliadeposikad)nexpanid pattesried e §ormeyithoteéremshesanda-hekltmnshes ardthen lined
pol yi m de nanof oans. The inorganic and hybrid (conbination of inorganic and
or gani ¢ ceithdnreir sjat¢righendatidrinat-kvelodipleaeic $ilhibeoveed ithxiidholdMkdnchddi iZ 8@ hed
silicon dioxide, silicon nitride, oxygen-doped silicon nitride, silicon

oxy-fl uor idéorfnSi fHirdodet 65knchei TheR tedneds £rSEEE vﬂﬁln‘%%é)%%&aﬁ bdd E&ess metal
organo-silicate glass (0SG, nethyl silsesqui oxane ( , hydrogen S|]rlses

qui oxane (daRfded b?@%dﬂﬁriﬁh%b%g@pr ogels. Dielectric filmof thickness
approxi mately between 1000 A - 5000 A is deposited using nethods such as
chem cal vapor deposition (CVD), plasma-enhanced CVD, and/or spin-on
process known in prior art. A photo-resist mask pattern 14 is then forned

over said diel ric fil si.ng_prqcesses .of it aphy,known Ln prijor,
art, as shown ?%H |r§%er3§e rélTS].u ﬁ'r‘%g&ghm EN] ?Ié?ﬁ‘élceme%t?egg%%é‘ﬂae‘#‘&%@ﬂ‘ciman with
dielectricg fitl m 1 1 Tr.ench .etihi ng i s done Uﬁjigng a suitabl e plasma process,
known in PVPEPT HiEfel wiriag haying daes Cross seciany | (g lange srosswection 18 4pm tiegeadhe i ¢
film If the diel ?ctric filmis the inorganic type, gases used for plasma
et chi ng bEsiSEars ¢f demgpyce strustingor Thatiadncisea gqjélmﬁs’-ddmbe OfR8veranshapes
CZF6 wth or without additive gases such as Ar, 8 Oz, and/or Nz. |f

or gani c t ferTiing ek pelygenahsqeare amagd shaphd, qyhoseshon shmpasasriew iz ftdin the@ppNZO
are used. After stripping the resist mask in oxidizing plasma with gases
such as Oz or & + NzO, the trenches are lined with barrier film18 with
approxi mate thi ckness of about 100 A - 500 A Said filmis conposed of Ta,
TaN, and/or Ti N and deposBREEF DESTRIPDN SFCIHRDREOVING®RE ed sputtering,
ioni zed netal plasma deposition, and/or CVD, know in prior art. Lined
trenches are then filled with copper 20, using nmethods of el ectrol ess

pl ating, electrolytic plating, CVD, and/or collimated or ionized netal
sputtering kn ! i 3 X i.er. filmon the
top surface of eard R afiufidks G RERRS CPRRStcall FherMndiBL Slied kPR klch
as chem cal. I.Cal i.shing. The resultin tructu fter. . .

pl anari zatﬁlksolﬁgi&gi%g H}gl\i;\}nbe"lplﬁ&lﬁicéél? ?ﬁ g Uf.gerlgﬁof) ﬁg‘i?ahlth%B‘Z%‘?mﬂéie{@%‘ﬁdﬁ‘i“?w taken in
preferred_ er ot her conductor netal s conposing al um num

o ol
al uni num & Lﬂlgg(l’ﬁ%f}}ea&ﬁ’lﬁl?a“%’@/ FWIEEY-ver can be used.



Second dielectric film22 is deposited next. Said second dielectric filmis

conposed of either organic or inorganic materials. Organic type materials
are conposed of porous or nonporous polynmers such as, poly-tetrafluoro

et hyl ene (PTFE), polyimde, lowk materials like SILK, (Manufacturer: The
Dow Chem cal Conpany, Mdland, M), poly arylenes, cyclotenes, and teflons,
and/ or polyim de nanofoams. The inorganic and hybrid (combination of

i norgani c and pfgani ﬁa%%@ﬂh%}'gﬁw& aﬁ? fOPREeA's rﬁ'z!t C&Wrgéthgﬂgt?gﬁ'ch mask,

di oxide, nitridized silicon dioxi con n|

nitride, ?h nl‘?B%r‘?ﬁ%yf‘rfs HOLL: ﬁir§' OF or FSGQ, spi n on glass (SOG),

nanopor ou Ica, organo-silicate glass (0SG, methyl silsesquioxane
(M5Q, hydrogen 9 si | sesqui oxane (HSQ, and/or silica aerogels.
Dielectric filmof thickness approximtely between 1000 A - 5000 Ais
deposi ted usi ng.gg%g.ods such as %hem cal vapor, deposition (CVD),

pl asna- enhance IS EsEeion AL %%F@H&WH@WW% pfiephedrepchea have been
phot o-resist mask with via/trench pattern 24 is then formed over said

di el ect ri E°htd imikpstinsedipleeieie Sbmslingtl with taerigr 4jbmy fillesowsith Lopper netal, and planaizedown
in Figure 3. Via-hole/trench patterns 28 are then etched in said dielectric
fil musing anisotropic plasma process as shown in Figure 4. Etch stop on
the first dielectric layer is not a problem since etch stop occurs on the
copper film AFigere 3tis iappossegsettive ofate, pariiailyt foeined spadthe] BSowAhe VifBslefichéipd
with barrier film 30 conposed of Ta, TaN, and/or Ti N using deposition

met hods sugikk pstefiodJer ABERHEd SRWctRIfIRY, | 0nized nmetal plasnma deposition,
and/or CVD, know in prior art. Excess barrier filmon the top surface of
said dielectric filmis renoved by planarization nethod such as, chem cal
mechani cal polishing. The resulting structure after planarization is shown

in Figure 4. Apphatoif£5had Fgmk chzhatl e

on said second diel elcstr‘lﬁ-gscsfsie (')Ifa%ng‘?{lyit r%ﬁ‘%%%h%tﬁ% |l‘llfr[1é[%|1VIa lgﬁrgn&ﬁ ga‘fehen
\e/it gh ﬁgl Ie/n ?egllnc hgaﬂtﬁglg&on%%ﬁe egi“rcofg FBT a‘gﬁjégg%%%gg@ ﬁﬂ%pg‘ﬂwﬁgp on the
copper filmunderneath; and the mask is stripped off. Figure 6 shows the
structure in Figure 5 after filling the trenches with copper 36, using 10

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.



met hods of electroless plating, electrolytic plating, CVD, and/or
collimated or ionized netal sputtering known in prior art; and planarizing
excess copper using chem cal mechanical polishing, Al though copper is used
in the preferred enbodi ment, other conductor netals conposing al um num

al um num copper alloy, gold, and/or silver can be used. Third dielectric
film38 is deposited next. Said second dielectric filmis conposed of

ei ther organi CFipurd $Ra0ANsGedRh T tHRl partialh $6icq st QEre RS R/Ea?tkﬁz;ﬁ%sﬁlag g%%é)ed

of porous or nonporous polyners such as, poly-tetrafiuoro et e
pol yi m de i i - rers . Dow Chemi ca
Conpany, ﬁ%ﬁ%ﬁlghgﬁc)ﬁd %(%%g/thgr y b%\lgésa ,ngyc o%lg{r}]‘%tg,’ %c{idnpc]g;{bg? ons, and/ or
pol yi m de nanof oans. |norgani c and hybrid (conbination of inorganic and
organi ¢ conponents) type materials conpose silicon dioxide, nitridized
silicon dioxid siliconnitride, .gxygen-doped silicon nitride, silicon
oxy-fluoride (SIEYE bF 2FEss-sedignof g‘ﬁ ngt%@ ?%%)Sﬂéﬂkﬁrﬁor%ﬂ‘é"%itﬁn&%@%k pattern
organosilicate glass (0SQ, nethyl silsesquioxane (M5Q, hydrogen

hydr ogens@f E&’&ﬂ?so%%?mé He gsé)l}‘d %}ﬁé%ﬂc fidm)in befwaen g bpsier miet] seuctire fi | m of

t hi ckness approxi mately between 000 A - 5000 A is deposited using nethods
such as, chem cal vapor deposition (CVD), plasma-enhanced CVD, and/or

spi n-on process known in prior art. A photo-resist nmask pattern 40 for

form ng vi a/ t r Eigotee) isst arbssrettomnedhofidly foahell widedtec tftércfilfihg theusdnolies in the
processes of |ithography known in prior art, as shown in Figure 7.

Vi a/ t r encheqpad tiefeasicAdmarieh tdpper métahed plahaszing etdakd dedi. el ectric fil musing
ani sotropi c plasnma process. Since via-hole/trench pattern falls outside the
netal pattern underneath, there is no etch stop to stop on the second
dielectric layer. This necessitates precise control of the etching process.

Al ternatively, ;:%u;a 11 Wy, ahc el dvtrsed %he g%ggyggggpé of ih§u&&s,t£%imeg% Hﬁeed

for etching said third dielectric fi C osited pri'or to depositing

ot er ns. e Thged o it g M EbmEtd (hEH 19, SRS gIBESpin BB g 167G con

and/or Ti LN e i t.ion. .nmet hods such as collimated sputtering, ionized
net al pIaghgﬁag%%gWﬁﬁ%&Pﬁﬁ%ﬁ%ﬁp%ﬁﬁf'knom1in prior art. Excess barrier film
on the top surface of said dielectric filmis renoved by planarization

met hod such as chem cal nechani cal polishing. The resulting structure after
pl anarization is shown in Figure 8. A photo-resist mask 46, with second
trench pattern is formedBRAEERDESEBHIIIONDEIHE BNYENHONT enches 48, as
shown in Figure 9, are then etched in said third dielectric film in
between barrier material-filled via-hole/trenches, using anisotropic plasna
process. Etch tine is critical since the trenches have to stop on second

dielectric filAitheughehs embodineht stooyn Inagherachaspabgien fpuessi dhdesditRd MRedsfibs
then stripped off. Lined trenches are then filled with copper 50, using

net hods ofiesefilestar @ppasndlcddristotu! foghddokiviih thrid B ERGT ifedlevAAMQtric film, the
collimated or ionized nmetal sputtering known in prior art. Excess copper

met al andindagtbd Qfuckirt BuPR f fihaad | | | Pih,
removed by planarization ﬁﬁ?ﬁ%ﬁggﬂﬁﬁﬁggqﬁﬁgﬁ?%ﬂ?ﬂﬁgiﬁ%ﬁﬁgg ﬁB%#fﬁh?%ﬁ?”?he
resul ti nggjeeietffsstructure after planarization is shown in Figure 10.

Al t hough copper 1s 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 with large netal cross-section, providing a lower wre

resi stance, b) continuous netal deposition schenme wi thout any interfaces
causi ng contact resistance problens, c) potential for using different
dielectric materials for the different |ayers, providing additional control
over the performance of the device. 7




Whil e the invention has been particularly shown and described with
reference to the general enbodi nent and a specific application thereof, it
wi |l be understood by those skilled in the art that various changes in form
and details to the nethod and applications my be made w thout departing
fromthe concept, spirit, and the scope of the invention. 13 \What is
claimed is: 1. A nethod of formng a nonolithic inductor, the steps
conpri sing: f ol fi iele i f sen t
havi ng. devi ce. ARnpanent of TP Shber JAKEbchfls By BFILARIRNE Sl OB
formng barrier material liner on said trench walls; filling said trenches
wi t h net abverrd sgphiaeraductor mgpsgatie dllyet flvingf alrerdp gfoemekdaying edinsdnec tudhc ad ageve
over said first dielectric filmhaving filled trenches; formng
vi a- hol e/ tleseatiipal traisiR®r onpasivel ckaeandichlueh eglatit. ISaMaticledtiit Him& @aipdsed
via-hole/trench with barrier material and planarizing said barrier
mat eri al ; of eiEHEk BegahicR GG BariO mBRkidlsS TreMdc &ip8 nefdrialCodniPiRE pHRLVBERuSHrdus
filled via/trenches; filling said trenches with netal and planarizing said
net al ; f ogpj a i £d odie j r saig i i:C. fak
havi ng fi ?ngﬁ{sr Seﬁr?? hies’s ;pg%ﬂeﬁ%\%&g ae:t ]%'ywea@\r,ltg ()a’/ rlglr];[?:{ﬁéi\(/jfvila{t;!’hlg lglga!} %fa‘ie% hgreatsyfllq]al
and pl anagyszi I, afrl e tarial . fonm t ches .in said cond
dielectri EM%%%@%%?T V\%eﬁo{swalbgé@l}'ﬁl te:%lneelma'f t@g%ﬂ’eg;ﬁﬂ ne f)fq?qeﬁ’gc%cgoﬁ?{'es’ and
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formng a monolithic inductor according to claim1, wherein said first
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 silses-

quioxane (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
14 is then formed over said dielectric film using processes of lithography known in prior art, as

shown in Figure 1.

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 CF4, CHF3, and/or CaFs with or without additive gases such as Ar,



dielectric filmconprises silicon dioxide, nitridized silicon dioxide,
silicon nitride, oxygen doped silicon nitride, silicon oxy-fluoride,

spi n-on gl ass, nanoporous silica, organo-silicate glass, nethyl

si | sesqui oxane, hydrogen sil sesqui oxane, and/or silica aerogels. 4. The
met hod of formng a nonolithic inductor according to claim1, wherein said
first dielectric filmhas a thickness of approximtely between 1000 A -
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1, wherein“said barrier” na conpri Ses an .
met hod of _formng.a nonolithic.inductor.according to claimp>5, erein i
bar 11 or _raapiy Anf AP bR rGL MRSl BERalERY wid Bt o GuoNaD: 7
The method of formn monol i thi.c ipnductor accordi.ng to claim1, wherein
sai d net af ectBWﬁl?q%éesH‘éq%u‘Mﬂhg?ﬁ“e’éﬁl%%é? ,an‘l WRIIKRTE SHpEresart put JH) 4 - Adhor
silver. 8. The nethod of formng a nonolithic inductor according to claim
1, wher ei RAEdiIA seoBmasdi &f BotTalb anfliom 1l rmpdi depesiisd by-methedst sughras collimyteshe,
polyi mi de, poly arylenes, cycl-otenes, and teflons, and/or polyimde
nanof oans sputring, doniZEdemeiel Hasnaodepbsition, mgd/ar GdHL knowiie priodarct dineddeocktsnee t o
claim1, wherein said second dielectric filmconprises silicon dioxide,
ni tri di zethesifilled eiithdbpper @8, usirig mabodsrofetectlelesspistpeneldopdicyilitingpa v, tid/de,
silicon oxy-fluoride, spin-on glass, nanoporous silica, organo
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 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-tetrafluoro 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



siliéate gl ass, nethyl silsesquioxane, hydrogen silsesqui oxane, and/or
silica aerogels. 10. The nethod of formng a nonolithic inductor according
to claiml, wherein said second dielectric filmhas a thickness of

approxi mately between 1000 A - S000 A. 11. The nethod of formng a
nmonol i thic inductor according to claim1, wherein said barrier material
conprises Ta, TaN, and/or Ti N %é; The nepgsd of formng a nDPOL;LBIC

i nduct or hoge t Al r [ es al u

copper, a?gﬁ?%ﬁn}cgd%ggbhﬁloéfSgo?dgkgﬁﬁﬁor %F%vgrfﬁggﬁl%ﬁ%mﬁ§p§%?°h¥irdy
formng a Ithhh ©41 N o . or di to claimi1l, erei n sai irg.

di el ec'? .. gﬂ%?%lggénpéi sggb‘dpoil{ 3}9? eIi’OrS'Ca{?CP%SIP% f%‘itﬁ‘if{pe%‘} aﬁ&h??lﬁﬁagé’?l’loﬁ e%;_;smon
aryl enes, ot.enes. .and,t on and/ or pol 'nide_nano_oans. . The
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third dielectric filmconprises silicon dioxide, nitridized silicon

di oxi de, é‘i“i%i" e htPP'F% %&@@bf?%@%@‘&r $g9d dielgofricc@m wing preesssesiof i con
oxy-fluoride, spin-on glass, nanoporous silica, organo-silicate glass,

met hyl siMa@§g¥hpkﬁﬂﬁ,mng;gﬁ%gsﬁhh§ﬁ§g%%9§ane, and/ or silica aerogels. 15.

The net hod o ormng a nonolithic in or according to claim1, wherein
said third dielectric filmhas a thickness of approximtely between | 000 A
- 5000 A. 16. The method of formng a nonolithic inductor according to

claim1, whereip §abtench patterns 28 are then etched in said dielectric film using anisotropic
plasma process as shown in Figure 4. Etch 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 dielectric 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

10



nmonol i thic inductor according to claim1, wherein said nmetal conprises

al um num copper, alum num copper alloy, gold, and/or silver. 18. An

i nductor device conprising, a stack of dielectric layers on a sem conductor
substrate, having active and passive conponents; netal inductor embedded in
said stack of dielectric layers; and netal inductor encased in barrier

material . rdhoddbfidlttelesd pRANE CedBhRc dithet &vid A& oIESEE P iS8ld metal
er's ot di elect e oF iTHase 1¢

dielectric stack consists of one or 'nore

[ Hﬁkﬁ ' : . ' im18, wherein said dielectric |ayer
(2: g.rrp'rb\inslan?nor gg%ﬁg‘?&"@?b‘g ?lglr qagg%P g?pl%agfrz |m§ FRrCaT CQPReT wiie ghemigg), meghanica
20, . wherein _said._.in

[ el | ai , ic dielectric |ayer
conpr i sos TS AL (BB o 1 o et o denie e o an dtals

oxygen-doped si.li on.nitride, and/or silicon oxy-fluoride. 22. An inductor
dezigce ac g%ﬂ?ﬁ) Wip ﬁ%mﬁllug’i’ AuBiunFeRner ﬂ?%’agﬁdoé}‘@é% sidvagican beeseflc | ayer
conprises poly-tetrafluoro ethylene, polyimde, poly arylenes, cyclotenes,
and tefl ons, and/or

Third dielectric film 38 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-tetrafluoro ethylene (PTFE), polyimide, low-k materials like
SiLK, (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 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 40 for forming via/trenches is then formed over said dielectric film

using processes of lithography 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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bér;ier material conprises Ta, TaN, and/or TiN. 17. The nmethod of formng a



pol yi m de nanof oams. 23. An inductor device according to claim20, wherein
said hybrid dielectric layer conprises spin-on glass, nanoporous silica,
organo-silicate glass, nethyl silsesquioxane, hydrogen silsesquioxane,
and/or silica aerogels. 24. An inductor device according to claim 20,
wherein said inductor-netal conprises alum num copper, alum num copper

all oy, gold, and/or silver. 25. An inductor device according to claim 20,

wher ei n saiodtdbastapi testopahehd stkorebdiplestsie fayda H‘h'EaiEJcesalmﬂés%eJéeNont%& of the etchmg
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A photo-resist mask 46, with second trench patfern 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, uniess 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 embodimenf,

other conductor metals composing aluminum, aluminum-copper alloy, gold, and/or silver can be

12
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used.
The advantages of this invention over prior art are:
a) inductor structure with large metal cross-section, providing a lower wire resistance,
b) continuous metal deposition scheme without any interfaces causing contact resistance
problems,

c) 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.

13
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What is claimed is:

1. A method of forming a monolithic inductor, the steps comprising:

forming a first dielectric layer on a semiconductor substrate having device components;
forming trenches in said first dielectric layer;

forming barrier material liner on said trench walls;

filling said trenches with metal and planarizing said metal;

forming a second dielectric layer over said first dielectric film having filled trenches;
forming via-hole/trench patterns in said second dielectric layer;

filling said via-hole/trench with barrier material and planarizing said barrier material;
forming trenches in said second dielectric layer between said filled via/trenches;
filling said trenches with metal and planarizing said metal;

forming a third dielectric layer over said second dielectric film having ﬁlled trenches;
filling said via-hole/trench with barrier material and planarizing said barrier material;
forming trenches in said second dielectric layer between said filled via/trenches; and

filling said trenches with metal and planarizing said metal.
2. The method of forming a monolithic inductor according to claim 1, wherein said first
dielectric film is comprises poly-tetrafluoro ethylene, polyimide, poly-arylenes, cyclotenes,

teflons, and/or polyimide nanofoams.

14
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109 . F22&3{ehXhi: &ﬁﬁl@&%ﬁrﬁégqmcm dioxide, nitridized silicon dioxide, silicon nitride, oxygen-

doped silicon nitride, silicon oxy-fluoride, spin-on glass, nanoporous silica, organo-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 1, wherein said

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

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

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 metal

comprises 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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10$1 ACp DF>HAHBBCHDM} téitisd b Fbrndind @¥noddlBhic inductor according to claim 1, wherein said
second dielectric film comprises silicon dioxide, nitridized silicon dioxide, silicon nitride,
oxygen-doped silicon nitride, silicon oxy-fluoride, spin-on glass, nanoporous silica, organo-

silicate glass, methyl silsesquioxane, hydrogen silsesquioxane, and/or silica acrogels.

10. 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

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

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

metal comprises aluminum, copper, aluminum-copper alloy, gold, and/or silver.
13. The method of forming a monolithic inductor according to claim 1, 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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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

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

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

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

18. An inductor device comprising,

a stack of dielectric layers on a semiconductor substrate, having active and passive

components;

metal inductor embedded in said stack of dielectric layers; and

metal inductor encased in barrier material,

19. An inductor device according to claim 18, wherein said dielectric stack consists of

one or more layers of dielectric films.
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2 comprises silicon ggxﬁe nltrldlz[ed ]sﬂlcon dioxide gslhcjon nitride, oxygen-doped silicon nitride,

and/or silicon oxy-fluoride.

22. An inductor device according to claim 20, wherein said organic dielectric layer
comprises poly-tetrafluoro ethylene, polyimide, poly arylenes, cyclotenes, and teflons, and/or

polyimide nanofoams.

23. An inductor device according to claim 20, wherein said hybrid dielectric layer
comprises spin-on glass, nanoporous silica, organo-silicate glass, methyl silsesquioxane,

hydrogen silsesquioxane, and/or silica aerogels.

24. An inductor device according to claim 20, wherein said inductor-metal comprises

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

25. An inductor device according to claim 20, wherein said barrier material comprises Ta,

TaN, and/or TiN.
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