; ste3eY V46T =E+ METHODTO REDUCE CAPACI TANCE BETWEEN METAL LIN%?LEACKGROUND
OF THE'INVENTION ( t ) Field of the Invention The present i nveneilon rel ates
to*met hods used to fabricate sem conductor devices, and nore specifically
to a method used to reduce device capacitance presented by dielectric
nmaterial | ocated between netal lines. (2) Description of Prior Art The
advent of m cr METHD& TOIRIED UGR, C/AaPACHANOE BETWERN MBTALAIEESem conduct or
devi ces conprised with sub-mcron features, have allowed fabrication costs
to be reduced as a result of obtaining a greater nunber of smaller

sem conductor chips froma specific size starting sem conductor wafer,
however with the snall %A?R@l@@ﬂb%@rrmﬁﬂdl\h featuring performance
equal to or greater than [aner counterpart sem conductor chips, forned
using larger features However in sone cases the use of smaller device
features can del eteriously influence device performance in regards to
increased B.eFi(ﬁtﬁ ce -. capacitance (RC), delays. One such exanple is
presente ) S?dt UL EREed spaci ng between netal interconnect structures is
hi gher capacitance, when conpared to the capacitance observed for devices
formed wth [arger spaces between netal |ines The use of dielectric |ayers)
with | ower dirbe Bigsant mvemiegralates to meiheds wiged fo RBpeats semmeandugighdeyices, and ysed i n
t he narrow ng spaces between netal |ines, however these type of dielectric
| ayers cemrgnapeskeally ot hmethod slsteteseduse dhviescagadifapeagresestediby dikdgstrss matenal node
or poor conformality This invention will describe a novel procedure used to
decr easelodared ba@weapactat kmese, specifically occurring as a result of the
narrow spaces between netal lines, in ternms of providing an air gap | ocated
in a portion of the dielectric |ayer used in the space between netal |ines.
Prior art, such as Yewet al, in U S Pat. No. 6,159, S45, describe a

process {Hpaifioch @8RPRENEEN

The advent of micro-miniaturization, or the ability to fabricate semiconductor devices
comprised with sub-micron features, have allowed fabrication costs to be reduced as a result of
obtaining a greater number of smz_tller semiconductor chips from a specific size starting
semiconductor wafer, however with the smaller semiconductor chips still featuring performance
equal to or greater than larger counterpart semiconductor chips, formed using larger features
However in some cases the use of smaller device features can deleteriously influence device
performance in regards to increased resistance - capacitance (RC), delays. One such example is
presented by the decreased spacing between metal interconnect structures is higher capacitance,
when compared to the capacitance observed for devices formed with larger spaces between metal

lines The use of dielectric layers, with lower dielectric constants, thus lower capacitance, can be
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metal structures, however that prior art, unlike the present invention, has
to use ‘an overlying insulator l|ayer, a planarization procedure) and
phot ol i t hographi ¢ and etchi ng procedures, to expose portions of the surface
of the metal |ines. SUMWARY OF THE INVENTION It is an object of this
invention to decrease the capacitance of the dielectric material located in

the narro ces between net al . i S anot

vent | BIEAD RGOS e DRRer e LSt Rk e REIedeRs A P Ficat ed i n
t he narrow spaces between netal |ines by formng an air pap in the portion
of di el GEIEHEhEEPEIDICES, Pusdas HTicylties prodepesitian B’@?@\BEPPQFI@@“ REPAILY | ines. It is
still another object of this invention to formthe air gap in the portion
of dielectric material |located in the space between the netal |ines by
deposi ting &arfliouwwehtiehedll deeribonsd @hprobadued used so degerenserdeléceahpaitmasg| tion with
poor conformality characteristics, thus resulting in pinching of t he

t hi ck p%b&dlﬁlﬁﬂy eécudti®y AGE et éfay@tan%ap@ﬁeése@tmnml ShAASH t&mstdPPrP@idgd ONS
of the nmetal lines, and leaving an air gap in the space between the thinner

porti Onsanodfir ﬁ%%a&tmh & pbAMR o IR dTBEL RN} H%s&d HeBe ShedRhW R RALtIneNspRfr the

nmetal lines 1n accordance with the present invention a process for formng
a dlelec .Gl t t i gap
formed I g&goa%%f%"n&%? RS PENER R SFSyGZetcf oA Rocsut R 4 %*E%%%%@%%ce

bet ween net@ Sp has heen. deve &EqV %FOSIF q n silicon
nitride mstgarmswrean VUYEF 19T PRPTI8wY e‘?’esﬁ'&t iavetigpe ‘t?&ﬂﬁé%t“ NFWCBure, a
conposite insulator |ayer is deposited. Dual damascene openings are next
formed ifsHteOREst 91énqrﬂgmrhtr898dpeyétd P*li’h%l“'i‘%ftﬂt'ec et hang| Are GRS ttP de

| ayer, with each dual damascene opening conprised of an overlying trench
shape cotipeseeprrtionsmd thgsugiaereef the mgtal knesr ower in width, via opening
conponent After formation of netal structures in the duaI damascene

openi ngs) the conposite insulator |ayer surrounding the netal structures is
sel ectively renoved, exposing a portion of the thin silicon nitride |ayer

| ocat ed between the damasceSeMMPRYTOFAHBINVENTI@N. A | ow dielectric
constant layer is then deposited . using a node of deposition characterized
by poor confornality features. Deposition of the dielectric layer on the

si des of thepw QPo &%P&%ﬂhvéﬁﬁoﬁ {bedegtéaée tﬂ@g%%&%%e BMIR@ dneﬂ%%{rﬁ' ﬁ&t:ﬁ’ﬁk%&
results in pinchin or cl osure o he narrow space between

conmponent s, fa&@ﬁ qﬁt Eruc% 18} conpletln ; the dlelectrlc passi vation
procedur e. 8 ég o] S%edure al so results in deposition on the
si des of the narrOM/conponent of t he dual damascene type netal structures
however the Ianer e be en these onents, in additi to the
coverage charht{@8ey ‘g‘t‘i’% gt 8%t SHRvegH Rt é‘cﬁ?‘tn%sf)ﬁ? PRARPRSS chg‘gfﬁt%c mf"(?é‘g‘l ts
in a desired air in the portion el.ectric | ayer |ocated bet en the
nar r ow w“tft‘?‘?dd‘bthﬁg‘ﬁgﬁ?’§l’6‘?es eRemgi %’teﬁ t’xtqm@s an airgap do e PRFtqg Pt f%@éreﬁu es
are then used to expose the top surface of the dual damascene, netal

st r uct ur dterpRloppteHMIERFFAFE WS themeBRAPISNGS The obj ect and ot her

advant ages of this invention are best described in the preferred enbodi nent
with reference to the attached drawi ngs that include: Figs 1 - 10, which
schemat i cal | yit isi still anatber- ahgezt bbthalinenydreto fdes thei diregapery thetpagem ofdidestrivi ng a

|l ow k | ayer, in narrow spaces between damascene type netal |ines, and

f eat ur i ngnaAgriatidca@ain the space between the metal lines by depositing a low dielectric constant layer,

using a mode of deposition with poor conformality characteristics, thus resulting in pinching of
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| ocated in a bottomportion of the low k layer, located in w de spaces

bet ween t he damascene type nmetal fines. DESCRI PTI ON OF THE PREFERRED
EMBODI MENT The net hod of decreasi ng device capacitance via use of a low k
passivation |ayer, featuring an air dap established in a portion of the |ow
k layer |located between netal tines, will now be described in detai
Conductive structure 1, conprised of netal such as alum nunm) alum num
copper , theipleportigns efidigletemlaysraleapsnsh 08 disaidss PEWPIPPrians pf the metabdReruttd ve
structure 1, can also be a diffused region in a sem conductor substrate,
such as leavihgarv hik gapdiopbelspeoeivaretelr the thinreg pomtionsTofi duelesitfid loyer foimediocdehd sgasr 20,
i's next deposited via plasma enhanced chem cal vapor deposition (PECVD),

pr ocedupgsottdn®pértibhd SitREmEtabRieseen about 400 to 600 Angstrons, using a
deposition tenperature between about 350 to 400 C. Silicon nitride |ayer
20, will protect conductive 4 structure 1, from subsequent HF type

procedures. (An | nﬁﬁ nce {cx}gk ?tlne ypg Egﬁb{ri\)%ng\l .\'\éfegg)zfor l‘o%ﬁ'\(v azdlelé&npﬁg% SlrepOS' ted

on thin sil |‘86f‘|°°r§ ., can be co of silicon

oxi de, or of .bor sph |Ilcate PSG) , .obt ai,ne a | ow sure
ohen caPePRBHOT OUBBASTEr SR TACYT L afeﬁ A PerRR R AT
deposition {PECVD), procedures, at a thickness betvveen about. 6,000 to |

|, 000 Aﬁg’s’*ffPtYr%aceli}?b‘t’%mnﬁﬁﬁé‘Pésphi‘%beéﬁde‘é?}ﬂp§gt’¥%| gposttion ofjpyhin silisorericde ng
(RI E), procedures, using CHF3 or CF, ~ as an etchant for IMD |layer 2, are
enpl oyeda)tcbom o pmdeilzing frevarieys! etal interqonnegt ptayaire 2 ComRPsithingptar layeriie on
nitride |ayer 20, exposing portions of the top surface of conductive

st r uct urdepdsiteThDsali imesdeeerapdnoas lase eRblonmeéedinf@i qgmpositeRewmintard laysr, andeén the

phot oresi st shape used for definition of via openings 3, is acconplished
usi ng pltasrsdicox yigrede laek wigh et doardamascenedpeningznsprifddaif on eseringshmples 4,
shown schematically in Fig. 2, are nest forned with the bottom portion of
phot or esshgfe EafRAchtdandcanibetydtgy nhdrdddrnigwitith, GRPéMIGScalnpobitl RfEOBrmtiohi ons
of the photoresist shapes, at a width greater than 15000 Angstrons, reside

on porti etﬁfstrh{:\ﬁregqpthé‘dﬂ{xl%ﬁla@ené B{inrgy%e c’omao@wnah%r iaga/ Bnéﬁndu@ fext

deposited or appli conp etely covering photoreS|st sh I nsul™at or

| ayer 5, at ickness gt ween 4 000 An stro s.ejther
conpr i <eBogh Sl T EiGar el (RN eFrREb AL Ptot 5 BF SR PR ey
procedures, at a tenperature |ess than 250 C, or. conprised of a spl n on

gl ass ( SKEEyeersthe Hamascenei Re Metpbstrucaissst ielavadiclectiierqns H&vg iy e denositedr S0 C
The | ow tenperature use for attainment of insul ator | ayer 5, allows

phot or es#sing mageef deposiéon eharcterigpd haprps gonfpmmaity Satyedse AREPPH QT §f tBhown i n
Fig 3. Planarization of insulator layer 5, is next addressed via a chem cal
mechani céielepisicilayar erthecides efthe pridseampoaent of theidgaldagasesse e, metyl suetireng
procedure using CHF3 as an etchant for insulator |ayer 5. The

pl anar i zegsilbvinpinsbieguareldsyretafithn ratosdspace hetecaphewidarompofienthe thopesur f ace
of photoresist shapes 4. This is schematically shown in Fig 4. Renoval of
phot or esstsictghgpesipiting thenlgeldctrcgassipdtios Ipextedura. fhasme depysigon pokédage also
procedures, resulting in a dual damascene type opening 8, conprised of
trench opsuoitaig dépositibni gnstht sitley ofltihey@irrody confpdne 0P EHesdedl dimascude typgini@al Vi a
openings 3, in IMD layer 2. This is shown schematically in Fig. S Barrier

layer 9, s@@itidel, 3RWe0ér thd fardet SRcBbétivebleshe @ cohdBhd@itdl M M ditfdndS thd fooR @¥derage
characteristics of the dielectric passivation procedure, results in a desired air gap in the portion of

dielectric layer located between the narrow width components of the metal structures.
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deposited via physical vapour deposition (PVD), or chem cal vapour
deposition (CVD), procedures, to a thickness between about 200 to SO0
Angstrons, conpletely contouring the surfaces of dual danascene opening 8
Metal |ayer 10, conprised of a netal such as copper, alum num or alum num -
copper, tungsten, or tungsten silicide) is then deposited conpletely
filling 6
A R D A R e A e R U S
t hi ckness betmeen about 5,000 to 8,000 Angstroms. A second planarization
procedurB¥Y4§&i n via use of either a CVWP procedure, or via use of a

sel ective dry etching procedure, is enployed to renove portions of netal

| ayer 10, and of barrier layer 9, resulting in the dual damascene net al
structures 30, located in dual damascene openings 8. This is schematically
shown in Fig. 7 The secBRIEPDESLORIZEAION OFPTIEE ERAWINGSt er mi nated at the
appearance of the top surface of insulator layer 5 |If the selective dry
etching option is enployed for the second pl anarization procedure, O, or
SF6 is used Bis éhjcehRLdtharardedmNRbf fyinvetioh aledyrldedRibednrkht grefdiair i er
layer 9 A selective wet etch procedure, using either a buffered

hydr of | %ﬁuoam(eﬁﬁﬂm r@Erefcedb hH frachdWEHa gy B ﬁcl(x@'":) acid solution is

enpl oyed to conpletely renove insulator layer 5, and IMD |ayer 2, resulting
in the dual damascene net al structures 30 nom1not enbedded in insul ator,

| ocat ed over g t|ve cture Th| con. nitride 20, was
not renoved g'é’? 4 1Co'f’)hl tfetrancl?‘t'lc%/l Wectross'sgﬁloﬁ? 0 é%&? Scnb? kev St%%es Of%m"

conductlye sfructure I frog1the el eterious effects %Fe selectJve met etch
pr ocedur 8Wc%ﬁy‘?’rfﬁé‘f“£’°‘8ﬁp”a°ﬁs 3'688% PASEHE DRATLRSNCANGIPOWE BABE WD, | ess
than 1500 Angstrons in wdth, is |ocated between the top portions of dual
danmascenlcHed w2 kattomurastensotshe lagnk fayer lagpigd in wgéeaos@betme@athérdaw&ﬁneleoo
Angstrons, is |ocated between the bottom portions of dual damascene netal
struct uryge 8@talhies. i s schematically shown in Fig. 8 The low dielectric
constant (low k), layer, used for passivation of dual damascene netal
structures 30, is next addressed and schematicaily described in Figs 9 - 10
Low k layer 1 1, conprised of a dielectric |layer such as a fluorinated
silica glass (FSG, WOHSCRIFTRINGOH TRE PRIFERREDEIREDIMBERYS 3.5 to 3.3, is
next deposited to a thickness between about 20,000 to 24,000 Angstrons,
usi ng PECVD procedures. The use of PECVD procedures, at a tenperature

bet ween aboutr33huld dHaerbhsidoSRULL Sadddi BRRLaGRILEL 3R] ik by AR, EANGIA0

al | owi ng narrOM/space oCate ween op portions

d of

58”‘5‘?8§2$fe B3t BT FBrtan ob B ATy logRleP St me TR R nePOR
can ta?sclnuzcl in deta-li.h 'C%n&uc%w: Et?uc'ture ql, ongpafpsec;' gf mLtng%Eﬁgs Llemxr\}&g'\, %anEn‘&m -

portlon 0

copper, copper, or tungsten, is shown schematically in Fig. 1 Conductive structure 1, can also be
a diffused region in a semiconductor substrate, such as a heavily doped source/drain region. Thin
silicon nitride layer 20, is next deposited via plasma enhanced chemurcal vapor deposition
(PECVD), procedures, to a thickness between about 400 to 600 Angstroms, using a deposition

temperature between about 350 to 400° C. Silicon nitride layer 20, will protect conductive
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| ayer | 1, again located in wi de space 50, between bottom portions of dual
damascene netal structures 30. This is schematically shown in Fig. 9 Ar

gap 12) with a dielectric constant of 1, will allow the capacitance between
netal lines to be decreased when conpared to counterparts in whi ch t he
entire space between netal lines are insulator tilled This results in the

desired |l owering of the RC delays, aJlowing the desired i eased_devi ce
perfornéHE%f“’ieo"g@méE e@%’al'&itﬁ%‘%lprﬁc%d“f%i r‘ad”meé'ﬁﬁf"f a‘S{eFt{)‘ﬁ (%b §F &,1S a5aj n
via use of CWP or selective dry etching procedures, is enployed to renove

| ow k | aperdeposed phéhin sbcosmmtrrdeéﬂyerfmmgﬂgdmpa%@embe easmprises of wiconosie 3y Thi s
is schematically shown in Fig. 10 The dry etching option for the third

pl anar i zftbb@RpHYssHoSHitHte giass (BPSA)PdGtsi i fivngreéstife, cheicalGlapouraizpéditidat chant
for low k layer 11. While this invention has been particularly shown and

descri begdpwhi) §SfiRRERAREE cHelfcaPVRhaF G siBBR A (DY, $rdcB@I 80k 2 h{acm@Jslj be

under st ood by ‘those skilled in the art that various changes i'n Form an

detai |'s (g ReIRASHS 1910 ARRARIAS LIRS RN i ARG EARE Ay LN S

i nventi on. cllamed T's s _ formng ow dielectric

constant (/| ow | ayer, on a i canduct or  subst C risin he steps
of T o oviitiTigRIED airatiEy 9508 CHD OF Pof et DERIbES e cotbred
depositing althin silicon nitride layer; .,) . 5 fornng dual damascene type
openi ngsforA viarPreviagy 3,ihBPd#se i e ip ﬁgla PilgQRItrige ayer 2on BrACKING REBONY PHYe sai d
thin silicon nitride |ayer, exposing portions of said conductive structure,
wi t h eactepdudiceddpersiveting stippiaropehhing scbamaticalyashopve in Hewi- ddemgvehefthopeni ng,
in a second insulator |ayer of said conposite insulator |ayer, and

conpr i sephotoresist shape used for definition of via openings 3, is accomplished using plasma oxygen

ashing and careful wet cleans.

Photoresist shapes 4, shown schematically in Fig. 2, are next formed with the bottom
portion of photoresist shaped 4, completely filling via openings 3, while top portions of the
photoresist shapes, at a width greater than 15000 Angstroms, reside on portions of the
top surface of IMD layer 2. Insulator layer 5, is next deposited or applied, completely covering
photoresist shapes 4 Insulator layer 5, at a thickness between about 20,000 to
24,000 Angstroms, is either comprised of a low temperature silicon oxide layer, obtained via

PECVD procedures, at a temperature less than 250° C, or comprised of a spin on glass (SOG),
silicon oxide layer, applied at a temperature less than 250° C. The low temperature use for
attainment of insulator layer 5, allows photoresist shaped 4, to remain unchanged. This is
schematically shown in Fig 3. Planarization of insulator layer 5, is next addressed via a chemical

mechanical polishing (CMP), procedure, or via a selective dry etchihg procedure using CHF; as

5



wi th an underlying narrow via opening in a first insulator |ayer of said
conposite 10 insulator layer, and in said thin silicon nitride |ayer;

form ng dual damascene netal structures in said dual damascene type

openi ngs; renoving said conposite insulator |ayer, exposing said thin
silicon nitride layer |ocated between said dual damascene netal structures;
depositing said low k layer, with said low k layer tilling a narrow first
space | acatchaht 14 itsatarerdayet 6p Tihe ptananmtiod proatdirais sdrmearsist dreeappertrarce of
structures, and depositing on the sides of bottom portions of said dual
danascenig: B tsadfacs lof Pedtbiiesist shRgdstd. altiyis kéHehhfi@lip swveeinFgcand space | ocated
bet ween dual damascene netal structure leaving an air gap in partially
filled, said wi de second space, and 9 renoving said low k | ayer fromthe
top surface of saj ual damascene netal structures resulti in low k
| ayer |ocate r?)oé'tall\gfeog‘og)é?sbst%lathaa?fes AR ENe mr%ial%hﬁfj V?tp?aus& v é%é,nnag\}“f‘ B osaid air
gap located in a bottomportjion of said | ow k | ayer, Iocaﬁed i.n said w de
second é’ﬁ%‘i?é”‘lﬁétrﬁ%‘éwgé%lf‘H“ﬂ@&Waﬁé%g"@%H%enl‘fﬁtsalco@g‘?sﬁétoﬁfré%q‘@3‘2‘“5 et hod
of claiml, wherein said conductive structure is a netal structure

conpr i séaasuistordhyend nang comipripgdnefmndertyiyigodt openngpér in D layergs t Bnis is3howWhe

nmet hod of claiml, wherein said thin silicon nitride |layer is deposited via
pl asma ewhamcedlych®ig. 6alBavi dayed® posiptisaiofpitanged vitrel:, oatant@lunhnigidests sext

bet ween about 400 to 600 Angstronms. | O 4 The nmethod of claiml , wherein
sai d congepstited viaydnhied! @ipdudiepositonPNDY), Getlemitalanpaurdepdsitiang CMI)er - et al
dielectric layer such as silicon oxide or boro-phosphosilicate gl ass,

obt ai nedpréteiutdBQYR @ick iEEVEMREDERMDESBI0 D Ahgbthdrak Rempletest sddesuraend 6, 000
tol I ,000 Angstrons, and conprised of an overlying Insulator |ayer such

as a | ov-REREIrALN E@midckhContis OVb@Y er 10PIRIpNSG ot SmEEGHEN BY Qppeiyr es at

a t hi ckness bet ween

aluminum or aluminum - copper, tungsten, or tungsten silicide, is then deposited completely filling
dual damascene openings 8 This 1s shown schematically in Fig. 6 Metal layer 10, is obtained via
CVD or via electroplating procedures, at a thickness between about 5,000 to 8,000 Angstroms.

A second planarization procedure, again via use of either a CMP procedure, or viause of a
selective dry etching procedure, is employed to remove portions of metal layer 10, and of barrier
layer 9, resulting in the dual damascene metal structures 30, located in dual damascene

openings 8. This is schematically shown in Fig. 7 The second planarization procedure is
terminated at the appearance of the top surface of insulator layer 5. If the selective dry etching
option is employed for the second planarization procedure, Cl, or SF; is used as a selective

etchant for metal layer 10, and for barrier layer 9

A selective wet etch procedure, using either a buffered hydrofluoric (BHF), or a dilute



| S about 20,000 to 24,000 Angstroms, or conprised of a spin on gl ass
silicon oxide |ayer, applied at a thickness between about 20,000 to 24, 000
Angstronms. 10 5 The nmethod of claiml, wherein said dual damascene net al
structures are conprised of a netal such as al um num al um num - copper,
copper, or tungsten, obtained via CVD or via electroplating procedures, at
a thickness between about 5,000 to 8,000 Angstrons. 5 6. The met hod of

cl ai m 1hydsh@easicd DEH) dreisbippdisintiemplayddde spmplaiphyrremevesiasubaor laggryp, pedhiddlidd vi a
wet etch procedures using buffered hydrofluoric acid, or dilute

hydr of | tuyet Z, rasuitithg imshealnaledantascene métal Sihetures 39 dowhocémbetddd indhwaitagrn sai d
narrow first space, |ocated between the top portions of said dual damascene

met al - stddiliWvedyind SornldB&tielshadtuddr 0Bn ARG RIS 1al & 2b0whk HéttemBved Ha@inget hod
of claim1, wherein said wide second space, |ocated between the bottom

por t | 0NSyiQleislvel vtk BRTBRRE MR RLARIOHEINIERNckibe O] £t e deilliohs & 000

Angstrons in w dth. clFarm ereln sal ayer is a

fluorinated silica.qglass, layer, 15 with a dielectric, constant, bet ween about
5 5o ratts et IR Bty et il R B e SEBF o\ bt
20,000 to 24,000 Angstrons. 10 A nethod of formng a |low k | ayer between
dual darfRacete erethal 1200 Argstiprs in width. i lprRjedfietsen tRRioPimERIS 6f 4¥%d into a
portion of said low k layer, in turn |located in a w de space between the
bot t om parmapesne mefal saiciurgu). WhaleasaeaspParstol) sreaterybany 109 Angsirpmb.ds legatethe
steps of.

g between the bottom portions of dual damascene metal structures 30  This is schematically shown

in Fig. 8

The low dielectric constant (low k), layer, used for passivation of dual damascene metal
structures 30, is next addressed and schematically described in Figs 9 - 10 Low k layer 11,
comprised of a dielectric layer such as a fluorinated silica glass (FSG), with a dielectric constant
between about 3.5 to 3.8, is. next deposited to a thickness between about 20,000 to
24,000 Angstroms, using PECVD procedures. The use of PECVD procedures, at a temperature
between about 350 to 450° C, results in poor conformality, or poor coverage, allowing narrow
space 40, located between the top portions of dual damascene metal structures 30, to close, or
pinch off, before wider space 50, located between the bottom portions of dual damascene metal
structures 30, can be filled. This results in air gap 12, located in the bottom portion of low k
layer 11, :;gain located in wide space 50, between bottom portions of dual damascene metal
structures 30. This is schematically shown in Fig. 9 Air gap 12, with a dielectric constant of 1,
will allow the capacitance between metal lines to be decreased when compared to counterparts in

7



providing a netal structure depositing a thin silicon nitride |ayer;
depositing a first insulator layer; formng via openings in said first
insulator layer, and in said thin silicon nitride |ayer, exposing a portion
of the top surface of said netal structures; |I O form ng photoresi st shapes
in said via openings, with a wide portion of said photorosist shapes

over | pngh@h Pn%retnhférb 2de HebBech At ‘ﬁﬁés%‘@m@ulat%?hﬁedc hidtredults HH &E QéswE@Wenn%
depOSI ti ng a OW teerer ature second i nsul at or ayer coveri ng tOp Surrtace

of said 0 ormn rizati.on dure
Femoui g B G BB e Bdhatd st Efiforaf R e R QR CERRETL £ o
surface of sald phot or esi st shapes; sel ectively renoving sald phot or esi st
shape ré’éfGIPt‘qnﬁ@Z%“ﬁ“af%G%HmcPéPr‘ﬁé’é?eLﬁé of (e BisHic Kg’sdry@ BERHPSPESREIWES W de wi dt h,
trench type openings in said second insulator |ayer and conprised with sald
vi a opeerinplgged to rempyk bimlslaydr deom die oop suafpee of duabiddmassenic anetdlistructiies 3o n
nitride layer; 20 depositing a barrier |ayer, depositing a netal |ayer
conpl et ghi if ichbrhatgaliuowd AR BN ETHey e eﬁihﬁigldfpﬂﬁn fdr2he thip@ plapsrdatin 2 second
pl anari zati on procedure to renove portions of said netal |ayer, and

porti On%rd?:%dl?r@'xﬁacl?&ﬁﬁllsﬁéd dsEREHE | BP@T QParﬁé{Elﬁﬁ?ﬁ)r@éw %%y@r $gcond i nsul at or

| ayer, resulting in th formatioh of $aid damascene netal structures
| ocated in said dual danascene type openlngs sel ectively renoving said
second ins . { - f rface of
ai d thi n o iealys R en Al B dhrldladlh shARKAR Y Fhun CAREER, " 202

fgggfégrpgé" ol “”odo%% snt%eregfl q wnﬁiae undserstggc} gy t%ose slqlre':d ar, rrtqmtfvlarrxg&s space

changes in form and details may be made without departing from the spirit and scope of this

invention.

What is claimed is



top portions of said dual damascene netal structures) and with a w de
second space | ocated between bottom portions of said dual damascene netal
structures; 10 depositing said |ow k layer on top surface of said dual
damascene netal structures, on the top surface of said thin silicon nitride
| ayer | ocated between said dual damascene netal structures, on sides of the
top portions aof ,sai damascene, netal struct ur co t i.l.l1ng

sai d narrow fﬁr‘s m%tg%aggﬁloénﬁl °8ﬁ0”§?’61ee§m5‘fc°fl ?S{%mgfé%ﬁ‘ oﬁﬁb%r(ﬁ)%%sﬁ J(:) ndrsjéétlotj dual
darmascene netal structures, parti alfj y filling said wi de second space,
resulting in IS“BSt‘é‘éq'BO‘ﬁP‘fs‘@dEe pt88S®'ed in unfilled portion of said w de
second space; and performng a third planarization procedure renoving
portions of sai dprbwding ajcagdictive smctire on 6pd semiterskuctor subsirgedual danmascene
metal structures. 11 The-nethod of claiml|0, wherein said netal structure
is conprised of ddpositi hiredilivon mitride lagemper, .copper, for tungsten 13 12
The met hod of claim 10, "wherein said thin silicon nitride |layer is obtained

via PECYD proc edfé!hﬁfn% dh8 dAmh&VeRKHBS SpdRAReHh ARAYhg 408pdste BRAARUSES ape. 13

The met hod of claim 10, wherein said first insulator layer is conprised of

silicon oxide,; : rQ= fal 1h At g@,%[s J i CVD or
LPCVD procedurgg{nd%iygt% Sgﬁttﬁpgﬂgiﬁggﬁdgtlmn&gbou poé—f,? %}%g)lf? zg&iﬁr?dg(%tg\gmgst r ons.

14, The et ode Lt M A aREELAAALS: YA BRSALANR A1cy LOTRG N oai d

first insulator Layer I'n sal sriicon n ayer, Vvia an
ani sotropi c reactive.ion etchi rocedur usi ng. CHF3 or CF,, as an etchant
15 The mat hod BFTEiEaT"rA SHeRPePRelARs TS PESHid tRIBRSHY InSHE OGPy atd ORBSTEs | ot
shapes are 10 conprised with a width greater than 16,000 Angstrons. 16 The
met hod of cl ai Mith anwAdsri¥ing naEpy iaRpenBapes S insulater imer qf saidicampesittayer is a
silicon oxide |ayer, obtained via PECVD procedures, at a tenperature bel ow
250 C at 1@ t hi olswrietos lapest ynsen sz our siinr0dBide dayee, 000 Angstrons 17. The
met hod of claim 10, wherein said | ow tenperature second insulator |ayer is
a 1 S spin on gl assmisg Huad damascembemétalystuctuagsph sed ded! damiseerpeyt epreeinpgl ow 250
C to

removing said composite insulator layer, exposing said thin silicon nitride layer

located between said dual damascene metal structures;
depositing said low k layer, with said low k layer filling a narrow first space located
15 between top portions of said dual damascene metal structures, and depositing on the
sides of bottom portions of said dual damascene metal structures, partially filling a
wide second space located between dual damascene metal structures, leaving an air gap

in partially filled, said wide second space, and



a thickness between about 20,000 to 24,000 Angstrons 14 18. The met hod of
claim!10, wherein said first planari zatl on procedure is performed via

chem cal nechanical polishing procedures, or via a selective dry etch
procedure, using CHF3 as an etchant for silicon oxide 19 The net hod of

cl aim 10, wherein said photoresist shapes are selectively renoved via 5

I Ki h t wh d
Parrior | ayer | DGR Suosr ByramReapt s obriC Al Rimt o)

obt ai ned via plasma vapour deposition (PVD), or chem cal vapour deposition
(CVD)) pr ocedusdycturgs feé“‘t“ﬂﬁéfk‘ﬁé’s‘%mb%t'%é‘&q b&B‘éﬁ&’f‘ saigguilslaneerenngetel ons 21 The
nmet hod of claim 10, wherein said netal |ayer is conprised of alumnum 10
al umi num - coppgpqtumpapieh Jaichair gamigsitein adisttaimmdgtion of seidiowrk Io¢D lptatededur es,
at a thickness between about S,000 to 8,000 Angstrons. 22. The nethod of
claim 10, wher én midaidt ssedngaqel lrhegen zat idoal damasenknnetal sryeeirésor med vi a
chem cal nechani cal polishing procedures, or via a selective dry etch
procedure, using C, as an etchant for said barrier layer and for said

netal |ayer. 15 23 mdiR6d BRIAAM, Whefditial dRdudEERLALRA 8 rkaVkhRARET at ur e
second insulator layer, and sai'd first insulator |ayer, are selectively

i Tt oy of 1 oy PRy AN R St B YR 1 ol i m 10,

wherein said narrow first space | ocat ed between the top portions of said

I n I r i h 1 An r h.
dual damascene %me%IIoduontc aim wIIerem sai tIIun %IIIconSnxg’%% IayegxsétdegosxtecI via p a(s:IrIla

enhanced chemical vapor deposition procedures, at a thickness between about 400 to

600 Angstroms.

10 4 The method of claim 1, wherein said composite insulator layer is comprised of an
underlying inter-metal dielectric layer such as silicon oxide or boro-phosphosilicate
glass, obtained via LPCVD or PECVD procedures, at a thickness between about 6,000
to 11,000 Angstroms, and comprised of an overlying insulator layer such as a low
temperature silicon oxide layer, obtained via PECVD procedures at a thickness between

15 about 20,000 to 24,000 Angstroms, or comprised of a spin on glass silicon oxide layer,

applied at a thickness between about 20,000 to 24,000 Angstroms.

10



25. The nethod of claim 10, wherein said w de second space, |ocated between
the 5 bottom portions of said dual damascene netal structures, is greater
than 16,000 Angstrons in width. 26 The nethod of claim 10, wherein said | ow
k layer is a fluorinated silica glass layer, with a dielectric constant

bet ween about 3 5 to 3 8) obtained via PECVD procedures, at a thickness

between about 2CrRQRRR F21HR9, ARGEH AT Bualldmistene M aBiRRFesre &drired0,

wherein said third planarization procedure is perfornmed via chem cal
mechani cal pol | shi roce [RYA ective chypr ure,
Using O3 bor CEnnad SEREPENEREm, Slmblh AR CipyE o e SRRRIE L
A Ar. A ALE . A5 . A99. AsE AL A sE .AE . A E 1M !>[] %eq4s
$=&} xsni d_Z] ngz-é/a i SPCEOPILNE RToCe e 2ty Lugkaess E%f}""\c’%ﬂ i %ﬁ%a] ca]ca] ca] ca
]ca]ca]ca]ca]ca]ca%ca]ca]ca]ca]ca]ca!

to 8,000 Angstroms.

5 6. The method of claim 1, wherein said composite insulator layer is selectively removed

via wet etch procedures using buffered hydrofluoric acid, or dilute hydrofluoric acid, as

an etchant.

7. The method of claim 1, wherein said narrow first space, located between the top

portions of said dual damascene metal structures, is less than 15,000 Angstroms in

10 width.

8. The method of claim 1, wherein said wide second space, located between the bottom
portions of said dual damascene metal structures, is greater than 16,000 Angstroms

in width.

9. The method of claim 1, wherein said low k layer is a fluorinated silica glass layer,
15 with a dielectric constant between about 3 5t0 3 8, obtained via PECVD procedures,

at a thickness between about 20,000 to 24,000 Angstroms.
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| "10% & () - S10% &l itSio e & ' 1109% & ()-10"10"10"Y8310% & () - &0- #1
0% & () -- SH10% &ﬁf‘%‘gs“@m%gﬁ%tihsﬂaf@?}g& & ()-eqs

I K-Ky!10% o0& ()-L!10% o& ()= F#10% p& () -.,"10% o& (,).- S91Q0% o& ()-t.10% o& () -
1 10% 0& () - $:&j|f‘?{-”l&?=‘ V‘?/ﬁé%‘%’ & ‘i“jc%%g‘i‘ﬁ%}o"@%!e(”)‘?‘gé“ i%&o ’&S‘ﬁlﬁ"-‘w”‘%"'

"110% 0& ()-G 10% o0& ()-910% o0& ()-& ! 10% o&' () -

i _UKs™ ' y#10% o&YeY SIRPSHE@ ReLeprgdf the top surface of said metal structures;,

4s10% o0& ()-0"10% o0& () -.#10% o0& ()-, GLO% o0& ()-sf)F10% o& () -

xZ<s' ' y#1910% o& f¢nming phbooeed, sfypes 01DL0Via MEnIUR: Wijh a wide portion of said

ff#109& () -y#10%&' ()-Stm K-<910% o0& ()-9!10% o0& ()-9y 10% o0& ()-y"

10% 0&' () - 910%pbétofgsisf $0pEsoR/e(lynSa POt o8& of Jhe'top blrkace of said first msulator layer;

10% o0& () - Y+-#10% 0&' () - @ #10% 0&' ()-s& Y"10% o0& ()-s3% 10% o&' () -, #! 10% o0&
"()-  10% o0& () - ;depditing a low temperature second insulator layer, covering top surface of said

10% 0&' ()-&"10% & ()- T#10% & ()-10'010'010'0 4 10% 0& ()-1'110% 0& ()-/"1
0% o0& ()-fp S'pholdrdfist #hap® 1090 10% o& ()-"10% o& ()- 10\ 10\ 10\

LHI0N & ()- L HI0%R () - X, #109%R () - #UHASS$S! YE~_©@

1098@s! 10% 0&' () - &kdftemidg b Xir$H LA A&oR procddde Rk IngS! tdP YPoRRn(OF sASIRWOE () -!
K VP& K((dE~_@ 10% ! 10% o0& ()-L@#10%

& () - SL@20% 08 dlnotlilel Qxbfhela roblirtt¥op $hid prctaredi@Plngfes() - ((T) ) V) W) *q*bC
- 10%5"10% o&' () -&M 10% o0& () -7 10% o&' () -

selectively removing said photoresist shape resulting in a dual damascene type
openings, comprised of wide width, trench type openings in said second insulator layer
and comprised with said via openings in said first insulator layer, and in said thin silicon
nitride layer;
20 depositing a barrier layer,

depositing a metal layer completely filling dual damascene type openings;

12
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10' o 10% o& 0".10% o 110% o0& ()-nl11$2~22

10%”@]2_% B () - Sg. }gf&“ ?% a s%@é@ amnz@xaxbgmé 5e tg,r?@Ww? 10NS 0? said metal layer,
10%VE&' () -33333334T4xnmbC 0% 10941& (f

10MBs 1090vK: () -39 PBBORS 1) saidgupiier YeéLW%W&”%‘)CG?&HQ&%@BQH’BWB@’ layer,

10%r10%H& () - ALO%H& () - & #10%H& () -![0 s109%HH&' () -

10948 () - s MLOYER{ME- 1% BB deTeatipd B dual damascene metal structures located in said dual

109%40%1& () - @AO%H& () - @AO%&' () -L10%H& () - 10%H& () - st 109& () - 77J888%9' 9(9) 9

dE:/ 10H 10HO3hfa8dd&é (ype openings;

T * 109 ()-F( 109%4&' () -, &10%4& () - &$! 10%4&' () -!" 1094& () -)9*9v99: c::: xY:/

10H 10%& () - 3S s'bﬂ:%&le:@ mn@i&%ax@)seconama(o} 1aydOH8' said-fkQ%Esulakor lﬂaQHfrUm top

;; <A<<dE:/ 10HF !'10%& () - 109&’ ()-110%& ()- 109& ()- 109%& ()-
surface of said thin silicon nitride layer, resulting in said dual damascene metal
structures on underlying said metal structure, with a narrow first space located between
top portions of said dual damascene metal structures, and with a wide second space
located between bottom portions of said dual damascene metal structures;

10 depositing said low k layer on top surface of said dual damascene metal structures,
on the top surface of said thin silicon mtride layer located between said dual damascene
metal structures, on sides of the top portions of said dual damascene metal structures
completely filling said narrow first space, and on sides of the bottom portions of said

dual damascene metal structures, partially filling said widé second space, resulting in

15 said air gap located in unfilled portion of said wide second space; and

performing a third planarization procedure removing portions of said low k layer

from the top surface of said dual damascene metal structures.

11 The method of claim 10, wherein said metal structure is comprised of aluminum,

aluminum - copper, copper, or tungsten



10% () - <=Y=======dYNC 10H 10 10 104109%& ()-Y f)MO%& ()-L' #10%& ()-Y
3940%& ()-F #10%& () - =0>>>>X??dEYNC 10H 10%& () - 9#10%& () - mLOY%& () -

109%& ()-f 109 () - 9GLO%& () - ??@@ @AJEYNC 10H  &L0%& () -

109%& () - 10%& () - 109%&' ()-f10%& ()- @O%& ()- Al AyAAB BBBZBxnbC 10Hs @O% () -
10 10 10F 9*: 109& ()- (#10%& ()-3 &9109%& ()- "&10%& ()- ZBBCC: CcCCdEMbC 10H
310% () - Y 1Q%&1fd method of claim 10, wherein said thin silicon nitride layer is obtained via

PECVD procedures, to a thickness between about 400 to 600 Angstroms.

13 The method of claim 10, wherein said first insulator layer is comprised of silicon

oxide, or of a boro-phosphosilicate glass, obtained via PECVD or LPCVD procedures,

5 at a thickness between about 6,000 to 11,000 Angstroms.

14. The method of claim 10, wherein said via openings are formed in said first insulator
layer, and in said thin silicon nitride layer, via an anisotropic reactive ion etching

procedure, using CHF; or CF, as an etchant

15 The method of claim 10, wherein said wide portions of said photoresist shapes are

10 comprised with a width greater than 16,000 Angstroms.

16 The method of claim 9, wherein said low temperature second insulator layer is a
silicon oxide layer, obtained via PECVD procedures, at a temperaturc below 250° €, at

a thickness between about 20,000 to 24,000 Angstroms

17. The method of claim 10, wherein said low temperature second insulator layer is a

15 spin on glass silicon oxide layer, applied at a temperature below 250° C, to

a thickness between about 20,000 to 24,000 Angstroms -
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10HLOY& () - @O%& () - MLOY& ()- 109& ()-109%& ()- ~F10% () - 2EEEFpFFFdEMbC 10H
y, 1098 ()- *10%&' ()- 3(ml0%& ()-

@F10%&' ()-$109%& ()-,!-10%& () - FFEGHG GIGKGGGC 10Hs@0%& ()- 10%&' ()- 10
10 108310%& ()-f010%&' ()-. 10%& () GLHeHH! j | | dEbC

10Hs10%&' () - F19%& () - Y& ()7 %&' % J dEbC
1OHF( 310%%5) 0 %gﬁﬁ%t?‘igl&§%g‘«)éo i’ﬁ‘@«%f)“? ikl ﬁiéfg}ég?‘%g /@f R YV
12T001/2;/% ;& ( 0% & Bx@cgl poils(f'unlg [?r%ge%ﬁ‘rc(s)or viaa se{ecn\Q dry etch procedure, using

CHF, as an etchant for stlicon oxide

19 The method of claim 10, wherein said photoresist shapes are sclectively removed via

5 plasma oxygen ashing procedures.

20. The method of claim 10, wherein said barrier layer is comprised of titanium nitride,
or tantalum nitride, obtained via plasma vapour deposition (PVD), or chemical vapour

deposition (CVD), procedures, at a thickness between about 200 to 500 Angstroms

21 The method of claim 10, wherein said metal layer is comprised of aluminum,

10 aluminum - copper, copper, or tungsten, obtained via PVD or CVD procedurcs, at a
thickness between about 5,000 to 8,000 Angstroms,
22. The method of claim 10, wherein said second planarization procedure is performed
via chemical mechanical polishing procedures, or via a selective dry etch procedure,
using Cl, as an etchant for said barrier layer and for said metal layer.

15

23. The method of claim 10, wherein said low temperature second insulator layer, and

said first insulator layer, are selectively removed via wet etch procedures, using buffered

hydrofluoric acid, or dilute hydrofluoric acid, as an etchant.

15
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26 The method of claim 10, wherein said low k layer is a fluorinated silica glass layer,
with a dielectric constant between about 3 5 to 3 8, obtained via PECVD procedures,

at a thickness between about 20,000 to 25,000 Angstroms,

27. The method of claim 10, wherein said third planarization procedure is performed via
chemical mechanical polishing procedures, or via a selective dry etch procedure, using

CHF, or CF, as an etchant for said low k layer.
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