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STRUCTURE AND METHOD OF MAKING Field of the Invention The present

i nventi OQKé%/?Jﬁqg to sem conductor devices and nethods of {,ﬁia/lggjn?ﬂ(%uch
0d> 0116

devi ces. re particularly, the invention relates to a ne rmng
multilevel subtractive netallization structures. BACKGROUND OP THE

| NVENTI ON The integration of a |arge nunber of conponents on a single
integrated circuit (1C chip requires conplex interconnects. ldeally, the

i nt erconnect structures should be fabricated with m nimal signal delay and
opti mal packing density. The reliability and performance of integrated
circuits may be affected by the qualities of their interconnect structures
Advanced nmultiple nmetallization | ayers have been used to acconmodat e hi gher
packi ng densiti esUBTRICCTIVE METARINZANW OGNS DRESCHUERENANEYI gn rul es One
such netallization schene is a dual damascene structure fornmed by a dual

damascene process, which is angpadqom \r MEARITNG@Eati on process. Anot her
metal lization schene is a nultilevel subtractive stru formed by a
subtractive netallization process. Wile the additi vemﬁﬁmﬁlﬂlymmmﬁmullon

i nvol ves the addition of WO 02/ 19419 PCT/ USOL/ 21975 o defi ned

channels in a dielectric naterial, such as silicon dioxi dayissthe subtracti ve
nmetallization involves the re i’eﬁio?

e Wegxttfiﬁf ed portions of a previously
deposited netal, f exampl e al um n E:%) ef|n Il fol ted
circuitry on a subg:lt'hn‘:é’tlgsgﬁﬁgwlc??ﬂgt‘ag{e@ A P%%%Je%gi?!:\gg% aglfi ‘l’ﬁ%’géﬁégn
subtractive netallization processes begins with the deposition of a first

i nsul ati ng makieg sadh deveesy ddpempargfularly, the invention relates to a method of

forming multilevel subtractive metallization structures.

BACKGROUND OF THE INVENTION
The integration of a large number of components on a single integrated

circuit (IC) chip requires complex interconnects. Ideally, the interconnect
structures should be fabricated with minimal signal delay and optimal packing

density. The reliability and performance of integrated circuits may be affected by

the qualiis of theirinterconnect structures LT

*G00002*
Advanced multiple metallization layers have been used to accommodate

higher packing densities as devices shrink below sub-0.25 micron design rules. One
such metallization scheme is a dual damascene structure formed by a dual
damascene process, which is an additive metallization process. Another
metallization scheme is a multilevel subtractive structure formed by a subtractive

metallization process. While the additive metallization involves the addition of



i nterconnect metal 12 previously patterned and formed over a sem conductor
substrate 10. The insulating layer 14 is patterned by photolithography

using a r‘g_éi:g?/tlwllgyer 16 and a hard nmask |ayer 15 to form}s't@m?@ll/ﬁ%sl?

(Figures corresponding to a netal line of the first [eve
i nterconnect. To prevent the via etch from attacking the underlying
substrate, the netal lines are w dened at the position of the via,

therefore r educing the density of wi ring which is obtainable on a given
| evel . After the via etching is conplete, a blanket nmetal l|ayer is
deposited. If a barrier material is required, a blanket |ayer of the
barrier material is deposited prior to the deposition of the netal |ayer.
For exanple a titaniumor zirconiumlayer of about few hundred Angstrons

thick may betHERAS HEBGEPEBhekOn b g1 HRROGIAéRN, Richas billicek dadxite, miwm 0. 5%
copper alloy netallurgy, of about 5,000 to 10,000 Angstrons. Follow ng the

metal deposition, a |ayer .of. photoresist. | eposited . i-ng an
appropri at éll%%ﬁ&veﬂﬂ%mﬁ%ﬁ%\?n Hg’{’?"g? 1§ ”s‘m}‘ﬁﬁ@g‘l BP ecf%deﬁé%fsolng? k QThen, usi ng
an WD 02/ 19419 3 PCT/USO1/ 26975 appropriate etching process such as a
reactive i prewowdly depositod r@ccalmﬁirefxampg ahemanuipata define pordens akiategrated t hird
| evel of netal is desired, a second |ayer of the insulator is deposited

t hr ough Micﬁbmﬁéﬁ&igré@bﬂagaed, foll owed by the deposition and etching of
anot her netal |evel. This process is repeated to acquire the desired nunber
of netal levels. Subtractive nmetallization processes such as the one

descri bed above pose.,sone dr.awbacks One dr ack is the. substanti al

under cutting whi chzf)(‘:‘@lﬁpétﬁgyﬁﬁ%@frF > QOf iogég‘ye\f%%vﬂéul?%?&{vﬁén?t@ﬁ%tﬁnon of
vias, such as vias 1 S of Figure 4. Msalignnent of vias 18 with the
under | yi ng protessasdregestwitte tlad dapsisionenf adosumsulsong kaey 14 ovienggsnswitng, the
underlying substrate is unfortunately etched also as a result of the vias

overlap wi il tOgdebt fl-EANNGSHEVIBRIAbattAREQLHH ToinYed HREI0REi&Indultgr Connect
nmetal 12 are patterned wider and 1larger to elimnate any overl ap. However,

increasing the w dth, thickness and/or spacing, of the. interconnect netal is
not conpat iSHpngﬂh'tWéc wsplafRe ey éﬁeﬁ%'f?éﬂ? bgghg{i}@ﬂa%a @’n%?]?%?r%gsﬁtt her ,
hi ghresol uti on devi ces cannot be effectively produced with these )

|i nitati ondayeTAé amdobhaxh roasld ldydnd Setioi frimaizebioley 17 Biguses 28) epacwondiige et ch
stop layers. Although the advantages of using the etch stop |ayers are

si gni fi cantyp ot ReraPliRE 85 thd HrsERIAifMer&Inheer. SE piéVedr HRPAS btdhdemark@cltiagui r ed
for the etch stop layers. In addition, the nost commonly used etch stop

Tt her i i BRBREL P EGRPURE o Rt SRe af JeAo it S ot

satisfy anynore the requirenent of resistance-capacitance del ay regarding
the par asi ttherefensactucing sheydersiniodwvinge whichis @btainsle onaugien Is§cl ayer. As
integrated circuits

After the via etching is complete, a blanket metal layer is deposited.. Ifa
barrier material is required, a blanket layer of the barrier material is deposited prior
to the deposition of the metal layer. For example, a titanium or zirconium layer of
about few hundred Angstroms thick may be deposited prior to the deposition of a
thick aluminum 0.5% copper alloy metallurgy, of about 5,000 to 10,000 Angstroms.
Following the metal deposition, a layer of photoresist is deposited and, using an

appropriate mask, the metal pattern is imaged into the resist. Then, using an



beconme denser, it is increasingly inportant to mnimze stray capacitance
between the netal |ayers. This is acconplished by using internetal

i nsul ating,laygys that have a low dielectric constant, sugdr/gse%ofs
exanpl e, organic dielectric materials. Silicon nitride does not satisfy the
requi renent of small stray capacitance of advanced netallization
stl-structures. Accordingly, there isza need for an inproved subtractive
metal li zati on structure which reduces production costs and increases
productivity. There is also a need for a subtractive netallization process
t hat has zero overlap between the vias and the underlying netal and which
. does not require etch stop layers. There is further needed a nethod for
decreasing the stray capacitance between the netal |ayers of subtractive
metal | i zat ia@ﬁro?ri&t&éﬂdhﬁ%- prouesTaIch Bfa feheivenvr rtdhimg, Toeepmaglenthd meedt i on
provi des a nethod for fabricating a subtractive netallization structure in

a sen conductor devi cordi : ke ddd@ 1avNRFOd LQdhELr
PCT/ USOL/ 288755 1§ gﬁﬁlg%'nﬁzb% u@??lvtq?tn &;&%e{%a%g&?hcr%ased?yeas the wiri rig

density is increased and fewer processi eps, are required. Accaor.ding to
anot her as pedepastted Herqugheriry yias Wtﬁé"gh 5‘%}9’({’)%}’36&51 ‘gegjtols’iué) neatn?hectgtgjg%
material s may be avoided, so as to reduce or mnimze stray capacitance. In
an exenpl argf .abedint@nl leve. [This ploctsy isfepeared 6o et@uita the desied anmbgafer i al s
are selected so that they have simlar nethods of formation, as well as
simlar capaghfé&a to withstand physical and thermal stress. The | ow

diel ectric BoAstant materials act as insul ati ng | ayers through which vias
are subsequently formed according to subtractive netallization processing.
The I ow dielectric constant materials are sel ected so that. the, etchant used
for each one has ofihhtractyiggnetabizgaton REACCIses %H’:S\Pé "g‘éoflﬁgc ‘rli’tgfg PGy peve
dielectric constant materials. As a result, the plurality of low dielectric

const ant naggfd @lafbaales. a0he dsaveiack issthepsbstaiti indetcutngwhidhowcdisel ectri ¢
constant materials during the fabrication of subtractive netallization
structures. typically during etching for the formation of vias, such as vias 18 of Figure 4.
Misalignment of vias 18 with the underlying interconnect metal 12 often occurs so
that, during etching, the underlying substrate is unfortunately etched also as a result
of the vias overlap with the interconnect metal. Accordingly, regions of
interconnect metal 12 are patterned wider and larger to eliminate any overlap.
However, increasing the width, thickness and/or spacing of the interconnect metal

is not compatible with the stringent requirements of packing density. Further, high-

- resolution devices cannot be effectively produced with these limitations.

The problem could be eliminated by the use of one or more etch stop
layers. Although the advantages of using the etch stop layers are significant, the
process is complex since separate depositions are required for the etch stop layers.

In addition, the most commonly used etch stop material, silicon nitride (SizN,), has



Addi tional features and advantages of the present invention will be nore
clearly apparent fromthe detail ed description which is provided in

connect i ? cconpanyi ng draw ngs which illustrate exg gg,;]yz(m,

enbodi ments o e invention. WO 02/ 19419 6 PCT/ US01/ 16 Brief
Description of the Drawings Figure 1 is a cross sectional view of a
subtractive netallization structure af, a prelimnary stage of production
and in accordance with the prior art. Figure ? is a cross sectional view of
the subtractive nmetallization structure of Figure 1 at a subsequent stage
of production. Figure 3 is a cross sectional view of the subtractive
nmetallization sn-structure of Figure 2 at a subsequent stage of production.
Figure 4 is a cross sectional view of the subtractive netallization
structure afrafhicglish SeRttrt Gubaagienappioagrately P edidt doss.ndEisgisfie 5 is a

. cross sectional view of the subtractive netallization structure of Figure 4
at a subse S i vi ew of
2 subtract PR %%99%?%%1‘?%%*?%%%8%5 &%92@%?8 d?m%a?a%%%%%@%*fodua L on
and in accordance with an empl ary e t1 of the presept. i nventi on.
Figure 7 i SARACHRRSSSHEEATD man\}ﬁl@ws fnﬁlé aE‘BSt PEEL P ETBRLE ?‘k%‘t“ison
structure of Figure 6 at a subsequent stage of production. WO 02/19419 7
PCT/ USOL/ 269d&mFEidghsee, B id mcgeatinglyimpecthonaminvingwe gfayt dapactdote betwora

metal lization structure of Figure 7 at a subsequent stage of production.

Figure 9 i g,a,Gha98e58 CThRR cc¥inplsiid 8siss it AGd VR s iRl ly&dih&have

structure

a low dielectric constant, such as, for example, organic dielectric materials. Silicon
nitride does not satisfy the requirement of small stray capacitance of advanced

metallization structures.

Accordingly, there is a need for an improved subtractive metallization
structure which reduces production costs and increases productivity. There is also a
need for a subtractive metallization process that has zero overlap between the vias
and the underlying metal and which does not require etch stop layers. There is
further needed a method for decreasing the stray capacitance between the metal

layers of subtractive metallization structures.

Summary of the Invention
The present invention provides a method for fabricating a subtractive

metallization structure in a semiconductor device. According to one aspect of the



of Figure 8 at a subsequent stage of production. Figure 10 is a cross
sectional view of the subtractive netallization structure of Figure 9 at a
subsequeny oshAadl§o Of Production. Figure 11 is a cross sect pppglsoMi@ye of the
subtractive netallization structure of Figure 10 at a subsequent stage of
production. Figure 12 is a cross sectional view of the subtractive

metal lization structure of Figure 11 at a subsequent stage of production.
Figure 13 is a cross sectional view of the subtractive netallization
structure of Figure 12 at a subsequent stage of production. Figure 14 is a
cross sectional view of the subtractive nmetallization structure of Figure
13 at a subsequent stage of production. Figure 15 is a cross sectional view
of the subtractive netallization structure of Figure 14 at a subsequent
stage of prhigeitivhoproduciindimnlSelitereasdChs US26RTT dempity és ib6raasedaarst Suwsr

. sectional view of the subtractive netallization structure of Figure 15 at a

subsequent f i I 17 4 i : PHLSH HYkem
. ng?&@c@ﬁn%sfc@é\ﬂﬁ&h%ghgéﬁ. Kttt el dddiHatdspt @Drans HVRRGSH, Y s

havi ng a nory c ual damascene structure according to the

present invention, Detailed Descripiion of Preferred Enbodi nent.s.ln the

f ol | owi ng dgthégl} aﬁle&é‘%‘b?qc ts'iotﬂrffla‘icé‘?fér”é"?“}'(:lée ?‘Vé)“ﬁ%fgéota&t‘?/h%o“&ﬁén SPEETF
enbodi nents in. which the invention may be practiced. These enbodi nents are
descri bed wirah capkcifthmdeent detail to enable those spilled in the art to
practice the invention, and it is to be understood that other enbodi nents
may be enpl oyed, and that structural and electrical changes may be nade

o oL et ond LS AT ORRAR) dhboBineOPRIPhict BEIH BRRc BYBRAcON. The

term "substrate" use oW n cription may I nc any
sen conduct or - based structure that has a .sem conductor surface. The term
shoul d b URHEHAS BB chia HaBUEy ke AM "Fl?f‘égﬂg%?; PruahaR g Wedds) |
silicon-on sapphire . .

similar capacities to withstand physical and thermal stress. The low dielectric

constant materials act as insulating layers through which vias are subsequently
formed according to subtractive metallization processing. The low dielectric
constant materials are selected so that the etchant used for each one has only a small
etch rate relative to the other low dielectric constant materials. As a result, the
plurality of low dielectric constant materials can act as etch stops relative to other
low dielectric constant materials during the fabrication of subtractive metallization

structures.

Additional features and advantages of the present invention will be more
clearly apparent from the detailed description which is provided in connection with

accompanying drawings which illustrate exemplary embodiments of the invention.



(SCS), doped and undoped sem conductors, epitaxial |ayers of silicon
supported by a base sem conductor foundation, and other sem conductor
structur h em conduct or need not be silicon-based. j.canduct or
coul d bee‘i?l"g’ 517" \N0 02/ 19419 PCT/ USOL/ 26975 9 ger mani u%&&g‘ﬁﬁé{gﬁm or
gal lium arseni de. Wen reference is nmade to a "substrate"” in the follow ng
description, previous process steps have been utilized to formregions
or junctions in or on the base sem conductor or foundation. The present

i nvention provides a nethod for fabricating a subtractive netallization
structure in which a plurality of low dielectric constant naterials are

~selected with simlar nethods of formation, as well as with simlar

capacities to withstand physical and thermal stress. The |low dielectric
constant naterials act asBiiefDeattipohdfahs Dhamdugh which vias are

. subsequent |y formediguRef @4 £/06 fembhsl Vidie oflh sy iRgsive Werillidaddik@rnelwreint s
are designated by like reference nunerals, Figure b depicts a portion of a
sen conductor substrate 50. A first internet i.nsul,at.i | ayer 55 is
formed ovefR/F Hpﬁ@ﬁg%%gf?gﬁgcgaeagglg %ﬁ%dﬁke |§h?%fyggf%§an exenpl ary
enbodi ment of the present invention, the first internetal insulating |ayer
55 is bl anket deposited by spin coating to a thickness of about 2,000
.Angstrons to 15, OBiguangsta owss scabpralpiiesy of tisl spbabetite Bedration 30U0EwEC
Angstronms. The first internetal insulating |ayer 55 nay be cured at a

predef i ned JrenneE at 4L beRRAMI ARG BPpidiRicABhUr e of the material . Q her
known deposition nmethods, such as sputtering by chem cal vapor deposition (

CvD ), plasma enhanced WO 02/ 19419 PCT/ US01/ 26975 10 CVD (PECVD), or
physi cal vapor depgsitign (PVD), may be us also for the formtion of the
first internetal iﬁ’%‘F%g R TR ?é"rcugg?l Vé%wéfgg?ersé tragiyg gt izatiop sopriuty

intermetal insulating |ayer 55 is selected so that the etchant for this
| ayer does of@igat Raatk subeequedesthge nfpsabstioat e material to any great
extent. The first internetal insulating |ayer 55 nay be fornmed of a | ow
dielectric '

Figure 4 is a cross sectional view of the subtractive metallization structure

of Figure 3 at a subsequent stage of production.

Figure 5 is a cross sectional view of the subtractive metallization structure

of Figure 4 at a subsequent stage of production.

Figure 6 is a cross sectional view of a subtractive metallization structure at
a preliminary stage of production and in accordance with an exemplary embodiment

of the present invention.

Figure 7 is a cross sectional view of the subtractive metallization structure

of Figure 6 at a subsequent stage of production.



constant organic material such as, for exanple, polumde spill-on-polyners
(SOP), flare, polyaiylethers, parylene, polytetrafluoroedlylene,

benzocycl ohutene (BCB) or SILK Alternatively, the first | <

i nsul at i n‘@’gloé@(éﬁ”% may be formed of an inorganic materi af’%ﬁ?ﬁ%&@hw

di el ectric constant such as, for exanple, fluorinated silicon oxide (FSG,
hydr ogen sil sesqui oxane (HSQ or NANCI;‘LASS. The present invention is not
limted, however, to the above-listed 'materials and other organic and
inorganic materials with low dielectric constant nay be used. For purposes
of the invention, a |low dielectric constant material is one whose
~dielectric constant (lc) is lower than that of silicon oxide (Si Q2), which
is approximtely 4.0. Next, as illustrated in Figure 8, a first photosesi st
layer 5 8 is fornediQyeR if herdss b&tionfllwéwedkhd fithlaativgictdlyarioh skructilbe

~ first photosesist layer 5 8 is then patterned with a mask (not shown)

havi ng i mages..of via patterns 59. Thus,  Vi. 60 may be forned, as shown in
Fi gure 9, 535%8'&% gfsr#%%ﬁ?%ﬁ@ﬁﬁ? produg g'fi rst photoresist |ayer 58 and
into the first internetal insulating |ayer 55. The etchant w0 02/19475 11
PCT/ US01/ 26975 may be selected in accordance with the characteristics of
the first insulati Figuma®es i atosss&tHomhkview of s sybtipetivhewiallizgtion s§aCBEE vel y
etch the first insulating material 5 5 until it reaches the sem conductor
substrate S&Figﬂ%% 22 §fised e 5@ \WFpr&duddda. first photoresist |ayer 58,
vias 60 are forned into the first internetal insulating |ayer 55, as
illustrated in Figure 9. Subsequent to the formation of the vias 60, a

barrier layer 62 (Eigure 9) is fornmed on the vias 60.and > first
intermetal insul ati ng“'? gQégaS’f?SB?“@\?Bﬁlo ,O%gb%?‘{sbé'ralcﬁbe 8}'&%@ 58Pation, to a
t hi ckness of about 50 Angstrons to about 200 Angstrons, nore preferably of
about 100 .sAngstiearfEigure &f @ra sadbsepteat stags of produsgobarri er | ayer 62 are
metal s, such as titanium (Ti), zirconium (Zr), tungsten (W or hafnium
(Hf), or netal conpounds, such as tantalumnitride (TaN), which nay be

appl i ed by bl anket 9%‘1}1&9@rosk fsccgfs?ﬁia]f'ﬁgw JrhiRe fiﬁﬁfaicﬁ(re hiygizfénmay be

formed of refractory’nmetal conpoun or exanple refractory netal nitrides
such as Ti Si and ZrSﬂ',. In any eyent, the barrier |.ayer 62 suppresses the

di ffusi on oftrydiererritkigus ¥ ‘lLPFé‘té‘i?S%é’&Bb‘?f{“ICE}%Eposi ted conductive
material (Figures 10-16), while offering a low resistivity and | ow cont act
resi stance between di e conductive material and the barrier |ayer 62. As
known in the art, tHeureHReshakossectidnel tiawrdfehe behterctig? nigal§sitont ed
according to the type of netallurgy and/or insulators enpl oyed.

structure of Figure 11 at a subsequent stage of production.

Figure 13 is a cross sectional view of the subtractive metallization

structure of Figure 12 at a subsequent stage of production.

Figure 14 is a cross sectional view of the subtractive metallization

structure of Figure 13 at a subsequent stage of production.

Figure 15 is a cross sectional view of the subtractive metallization

structure of Figure 14 at a subsequent stage of production.



WO 02/19475 12 PCT/ US01/ 26975 Next, as illustrated 11 Figure 10, a
conductive material layer 51 is forned overlying the barrier layer 62 and
filling t hbe,vi,as 60. The conductive material |ayer 51 |, anket
depositeé*gygg)w%own PVD, CVD, or a conbination of these ?gﬁﬁﬁﬁgﬁg?pto fil
invias 60. .Alternatively, the conductive material |ayer 51 may be
deposited by a plating technique. If ngcessary, a second barrier |ayer may
be deposited on top of the conductive material |ayer 5I. For exanple, in
the case of alum num or al um num copper alloy structures, a |ayer of
titanium (Ti) or zirconium (Zr) is oaten used both above and bel ow t he

. alumnumalloy layer to inprove electromgration resistance of the |ines.
In any event, the conductive and barrier |layers 51, 62 are patterned, by
reactive ion etchingighas1€%3Bl8s sédeBohiiBvaoStiRisidohive patdlentioh2, as

_ shown in Figure |1. %he subtractive pattern 52 represents a | ower

i nterconnects which.are to-be |later int onne: W th an upper

i nt er connect™P&YET o.fﬁlﬁlilega@??ég%’?e uelgtast%%‘ogcrﬁgaﬁ%/%e forned of

al um num copper (Al -Cu), but other conductive materials, such as tungsten
(W, copper (Cu), gold (Au), silver (Ag) or alumnum (Al') and their alloys
may be used al so. RBigere Lhdlusontase qonguirer systermhaving pdRAPST e a dual
insulating layer 65 is formed overlying the first internetal insulating

| ayer 55 andinhgccsieRtriabirt Yecdraipeionthe prestheinsesidid i nternmetal insul ating
| ayer 65 may be formed, for exanple, by spin WO 02/ 19419 PCT/ US01/ 26975
13 coating to a thickness of about 3,000 Angstrons to about |5, 000
Angstrons, nore preferably of about 6,000 to 10,000 Angstrons. Foll ow ng
deposition, the second inter nmetal insulating layer 6 5 is cured at a
predefi ned tenperature, depending, again, on the nature and specific
characteristics of the insulating material. Qher deposition nmethods, such
as the ones nentioned above with reference to the formation of the first

i nternetal insul ati ngDetajled Bescripaiombef BeefdrigdFombodimentseri al of choi ce
for the second i nteinrdicfollonsny detailed Hesyeipti6s, efrenceds aadewo daddescsperific
constant organic or inorganic material, with a dielectric constant | ower
than 4.0, aserﬁ\t'c?diﬁﬁ@?s Llrl:%ﬁlgﬂ (RO EnibA Hlaéfq;egir_@&fc%dt T Heb€ efnbo@iménts eFeret al
i nsul ating | ayer : wever, as discussed in nore detail below, the two
intermetal insulatjng |ayers 55, .65 and the e chem stries ysed, to

sel ecti vel y fes@ERed whib suilicins dgwldp qnﬁglﬁltgf’? FS ¢ AoptagkgPeal 1y and
functionally r elated to each other . As such, the two insulating |layers 5
5, 65 may beindapesi, hed i is ta beiumdestoathtine otlamandyodingntsamayrbe hm@g?}fedn
addition, the insulating |ayers 55, 65 are preferably conpatible with each
other in the,sensestiiah£a5d REuIDPMIBYs By GRRARlSvRhow ddpatandirg Gier ess
| evel s which w f)e | ater induced as a result of various processes and
during the use_.of the Ig devi ce. .Further, each material should be capable
of Wi t hst andiPHF FHSORGRT HTRESHEENAPHPE required in the processing of the

ot her one.

The term “substrate” used in the following description may include any
semiconductor-based structure that has a semiconductor surface. The term should
be understood to include silicon, silicon-on insulator (SOI), silicon-on sapphire
(SOS), doped and undoped semiconductors, epitaxial layers of silicon supported by
a base semiconductor foundation, and other semiconductor structures. The

semiconductor need not be silicon-based. The semiconductor could be silicon-



WO 02/ 19419 14 PCT/ US01/ 16975 In a preferred enbodi ment of the present

i nvention, two conpatible materials for the two internetal insulating

| ayers 5§, re SILK (organic material with | c of approy;} | 3975 65 at
100 kkt)ﬁggﬁiﬂﬁREELASS (inorganic material with |c of app?ggﬁﬁg¥%P§’3.5 at
100 kHz). Both SILK and NANOGLASS can be applied by spin coating and both
are capable of withstanding simlar stpess levels, as well as the
processi ng tenperature of each other. Further, both SILK and NANOGLASS nay
be individually etched by a r respective etchant which, while readily
etching one insulating material, wll have only a very small, negligible

. etch rate for the other insulating material. Another exanple of two

conpatible I ow dielectric constant materials is a foanmed polyimde (as the

organi ¢ conpeAgiMiuM, gBrrh&nilifh, i galliaRgesafid. Wiien rdfddence idepeladong upon t he
. degree of porosity) and hydrogen sil sesqui oxane {HSQ (as the inorganic

conponent wi,ith lc i,n the range of 2.3.to 3, - j nations
may al so be éﬂﬁ%‘%d? tgﬁ tf?lﬂoe ,1gt<£<\36afp§wndp leﬁvg(%:lxtsrﬁbg%%%ﬁj %ﬁ‘{apg{%gﬁlg%i
materials, as well as two |ow dielectric constant inagrganic nangrigls may
be used al sailiaed rpfrymareghnstPITRREHANAILR OF ORADA DatsrasamF GRE CHPH/Y oY :
chem cal properties. Thus, the present invention is not limted to the use
of the above-nentioned conbi nati ons, and other conpatible |ow dielectric
constant material s TRY ph@emsiade@iciOprovides a nfhied foit fabdcairgcd nitaracdnst ant s

| ower than 4.0. WO 02/ 19419 PCT/US01/ 26975 15 After the formation of the

second internmetal insulating |aver 65. A Vj 0y: (ELgur . r med
by photolit ﬁ%egf 51%;)11 ucsr,‘ﬂ‘ce%,n “2*%%3@2‘3%04@?&&%5 &tggfgflgté%t ‘E@?%%&eafr%%) is
formed over the second internetal insulating |ayer 65. The second

phot or esi st stlagted v6eh similaharetheds efifaanatian, s 3vethas WithgnlaheaRcHisy fhg i nages
of a via pattern 69. The via pattern 69 is then etched into the second

intermetal iyysstald sigslcalaid @Rrhel fieedn Yhalotddichg uthomtirt nritgtisleadrhs The
t hi ckness of the second internetal insulating |ayer 65 defines the

t hi ck f. the via 70, The, thi.ckpess. it 3 tal insulati
| ayer 65 defPHECIAYSFR e Bacuft PRE R otagfiehily Rl T &4 2 0™

(Figure 14) is acconplished by enploying a second etchant to selectively
etch the second internetal insulating |ayer 65 through to the subtractive
pattern 52, or in tRefealingnawttovde drawiogyivhese likeelemests aradspigpatgd by hike
insul ating layer 55. In an exenplary enbodi nent of the present invention,

whi ch enpl oygfetdiRe BlukkdrNANGELASS depiahi NgdrtieA of kRemidonsluceirahbsntaté 50r A
selectively etching the first internmetal insulating SILK |ayer 55) nmay

I . I whi || ' . [ h
The. stcond HPCPIREERI PRelTH i aaoBe e TRy e Be Bl AL R BT, o

(d) plasna._Subsequent to the formation of the via 70, a barrier |ayer 72
(Fi gure 14) Figufeor.ned on the via 70 and over the second internetal
insul ating | ayer 65 by CVD,

In an exemplary embodiment of the present invention, the first intermetal
insulating layer 55 is blanket deposited by spin coating to a thickness of about 2,000
Angstroms to 15,000 Angstroms, more preferably about 6,000 to 10,000
Angstroms. The first intermetal insulating layer 55 may be cured at a predefined
temperature, depending on the nature of the material. Other known deposition

methods, such as sputtering by chemical vapor deposition (CVD), plasma enhanced



WO 02/19419 16 PCT/ US01/ 26975 PVD, sputtering or evaporation, to a

t hi ckness of about 50 Angstrons to about 200 Angstrons, nore preferably of
about 10Q,4n9545,9ns. Preferred materials for the barrier ¥ﬁﬁuﬁﬁw e
metals, such as titanium (Ti), zirconium (Zr), tungsten (W, oOr hafnium
(Hf), or netal conpounds, such as tantalumnitride (TaN}. If desired, the
barrier layer 72 may be fornmed of refq tory netal conpounds, for exanple
refractory netal silicide such as TiSi or ZrSi. In any event, the barrier

| ayer 72 suppresses the diffusion of the netal atons fromthe subsequently
deposited conductive material ( Figures 15-16), while offering a | ow
~resistivity and | ow contact resistance between the conductive material and
the barrier layer 72. After the formation of the via 70 through the second
internetal CVSM{RECVD),ayphyd&l viportdeposisbepBVID), aiaydicausad aisbtfoatitei ve

. metallization structure 100 (Figure 16) may be carried out. Accordingly, a
conductive J.al g ] LLeg o ying .

i nt ernetal ﬂ%@%ﬁgsfﬁ§%¥§§é§$§§§%%§%%F%$%%S&%hg§H%q%%%ggopkpﬁb§ﬁ§&g§5¥erred
enbodi ment, the conductive material |ayer 81 conprises either copper,

tungst en, g@keImesaljipagating lﬂbf?fn%rﬂs sglectef gp thag %ﬁ?haﬁé?@ t:hfsq?‘ﬁféldoﬁ not
understood that other materials may be used also. In any event, the

conducti ve sredckrchan8driyimy shbsthitanleedriallepasy sedt byreat. known PVD, CVD, or a
conbi nati on of these techniques to fill in the via 70. Alternatively, the
conductive material layer S 1 may be deposited by a plating technique. WO
02/ 19419 17 PCT/ USQL/ 26975 The gond Y <eriak | Fi +15 )
and the underlyi ngo%héa'ri%s%]rm‘fl%/eetsri\l SZHa(e‘lt}rﬂe? lﬁge%?a{oplga ebr¢ r@%ﬁéc}lgf%%mlei%ﬁ%ﬁl orm a
subtractive pattern 82 and to conplete the forpmation of the subtractive
met al | i zat i eanstant @egaie nroerial spelsis fragamplepglivide .SPW(?IHBGEYW%ﬁ?%fSB}we
subtractive netallization structure 100 is shown in Figure 16, it nust be
readi |y appaaenpoliyaryldings, dejlehgdalytetrifinaroéthyleat, bendoagdloburyna (BGB) oof
such subtractive netallization structures may be fornmed on the substrate

50. Also, al¢heu . he. exennl - ' g | [ o the
formation o ng\'sﬁgkteilagvl @éﬂpﬁe%%lwﬁéz}gf%?% nlﬁsrs&?ar uglﬁi éelk%gﬂqﬁg\%ﬂllrﬁféﬁﬁ t wo
niter nmetal insulating layers are enployed, it st be und?rst ood tgat t he
i nvent i on i osgasic mwtrial mathamiow dielrericogonstang prch 15 oL Rl e e pte
constant insulating |layers formed over the substrate 50, in which vias are
filled w thsitesidogite (BSGRtIgidragen dResgaidxand (HS(H or NANOGLASS. The

present invention is not limited, however, to the above-listed materials and other
organic and inorganic materials with low dielectric constant may be used. For
purposes of the invention, a low dielectric constant material is one whose dielectric

constant (k) is lower than that of silicon oxide (SiO,), which is approximately 4.0.

Next, as illustrated in Figure 8, a first photoresist layer 58 is formed over
the first intermetal insulating layer 55. The first photoresist layer 58 is then
patterned with a mask (not shown) having images of via patterns 59. Thus, vias 60
may be formed, as shown in Figure 9, by etching through openings in the first

photoresist layer 58 and into the first intermetal insulating layer 55. The etchant



conplex netallization schenmes. Further, the inventionis not limted to the
use of SILK and NANOGLASS, but nmay be used with other conpatible organic
and/ or ingQ ic materials with dielectric constants | owe . The
techniquggégg@$ﬁ%ed and illustrated with reference to Figh?i@ggv%%%hay be
used to forminterconnect netallization |ayers in any type of anal og,
digital or hybrid integrated circuit iiructures i ncluding, but not limted
to, processors, menory devices, ASIC controllers, etc. WO 02/19419 18
PCT/ US01/ 26975 For exanple, a typical processor-based system 400 which
includes a menory circuit 448, for exanple a DRAM containing subtractive
~metallization structures according to the present invention is illustrated
ii Figure 17. A processor system such as a conmputer system generally

compri ses amﬁf Bt KAk cdRHQE a8&rAthdRbith {HeRUhrAtfdistisdiehilRsirér inbli0Rs maaskdr, a
~digital signal processor, or other programmble digital |ogic devices,

whi ch communi cates with, an input/oumtput. ({1/ evice. . . 452.
The menory 8%598 )r‘i’inﬁé?‘étssmgvt“h “Pj}ﬂéa% V% ﬂé’n%?%)l\l/e}e ﬁgmgég.uggﬁﬁ‘}tﬁé*}?gse of a
conputer system the processor system may include peri heralzgevice such
as a f|oppyumﬂsikreaphmemﬁmwdacr@gmt@ﬁ@k?lwafm\:ﬁﬁrm@f 96 igh al so
comuni cate with CPU 444 over the bus 452. Menory 448 is preferably

const ruct edsjasioRist MyeH5 81 Atk 60 iieUbimed Vit thé fidt ke smernbindulating éayer 55,
subtractive netallization structures 100. CPU 444 may al so enpl oy one or

nor e subtracghv _qq%al%izaé%gn structures formed in accordance with the

i nvention. % ﬂﬁgﬁ? & FHEe nory 448 nmay be conbined with the processor,

for exanple CPU 444, in a single integrated circuit The above description

and drawi ngs are only to be considered illustrative of exeanaH%

enbodi nent s whi ch Scibbeyent he tichtunten ahtheadsad agearrier layered hifegwist?)

i nvention. Mdification and substitutions to specific process conditions

and WO 112/d24dPoh Fhe vias 60 and the first intermetal insulating layer 55 by CVD, PVD,
sputtering or evaporation, to a thickness of about 50 Angstroms to about 200
Angstroms, more preferably of about 100 Angstroms. Preferred materials for the
barrier layer 62 are metals, such as titanium (Ti), zirconium (Zr), tungsten (W), or
hafnium (Hf), or metal compounds, such as tantalum nitride (TaN), which may be
applied by blanket deposition. If desired, the barrier layer 62 may be formed of
refractory metal compounds, for example refractory metal nitrides such as TiSi and
ZrSi. In any event, the barrier layer 62 suppresses the diffusion of the metal atoms
from the subsequently deposited conductive material (Figures 10-16), while offering
a low resistivity and low contact resistance between the conductive material and the

barrier layer 62. As known in the art, the material for the barrier layer 62 is selected

according to the type of metallurgy and /or insulators employed.



PCT/ USO01/ 26975 structures can be nmade w thout departing fromthe spirit and
scope of the present invention. Accordingly, the invention is not to be

consi der lng limted by the foregoing description L ANy gs, but
is only ﬁ?gﬁ?ggﬁﬁy t he scope of the appended cl ai ns. vmﬁgg7§é3%%‘2o What

is claimed is: PCT/US01/26975 1. A nethod of formng a netallization
structure, said nethod conprising "thg,steps of formng a first opening
through a first insulating |ayer conprising a first |ow dielectric constant
material; providing a first conductive material over said first insulating
| ayer and in said first opening, and patterning said first conductive

. material to forma first conductive pattern; formng a second opening

t hrough a second insulating | ayer which is provided over said first

insul ating | ayer amNexsaisdlifidtfasdd @oFiguet 10,en gaiduetivg matrefablagestl ¢ feenedd

. insulating |ayer conprises a second |ow dielectric constant nmaterial, said

first and seco I e i .ant i ahs i i :.1and
bei ng sel ec‘?‘fe\]lggn)g g\gctﬂaéﬁ{ngl%%lég“t#l\?{e oé] Ee%lgﬁé @H@?'; Tgﬁéaggg%/ﬁwéﬁﬁgggalsecond
conductive material iii said second opening. 2 . The nmethod of claiml,
wher ei n sajlayér Tl may hehlanken gepasited by admaras Py 4nY P> Rhf epinationgfo

02/ 19419 21 PCT/ US01/ 26975 3, .The nmethod o claim 2, wherein said organic
mat eri al i stheed achaidjuks el e vigs 600 AdeRsitilyn gheodorpimlcyivenindesrial layer 51
spilt-on-polyners, flare, polyarylethers, parylene,

poIytetrafIH8§QEQQ¥5§Q§tbyggggﬁggéﬁgﬁgﬁye and SI LK
If necessary, a second barrier layer may be deposited on top of the

conductive material layer 51. For example, in the case of aluminum or aluminum
copper alloy structures, a layer of titanium (Ti) or zirconium (Zr) is often used both
above and below the aluminum alloy layer to improve electromigration resistance of
the lines. In any event, the conductive and barrier layers 51, 62 are patterned, by
reactive ion etching for example, to form a subtractive pattern 52, as shown in
Figure 11. The subtractive pattern 52 represents a lower interconnects which are to
be later interconnected with an upper interconnect layer. The subtractive pattern 52
may be formed of aluminum-copper (Al-Cu), but other conductive materials, such
as tungsten (W), copper (Cu), gold (Au), silver (Ag) or aluminum (Al) and their

alloys may be used also.

Referring now to Figure 12, a second intermetal insulating layer 65 is
formed overlying the first intermetal insulating layer 55 and the subtractive pattern

52. The second intermetal insulating layer 65 may be formed, for example, by spin



4. The nmethod of claim2 wherein said first insulating |ayer conprises
SILK. 5. The nethod of claim1 wherein said first insulating | ayer

conpri sesyan )'1&% ganic nmaterial. 6. The nethod of claim5, .)A@J?{,ﬁi(gﬁsai d
i norganic material is selected fromthe group consi sting o? uori nat ed

silicon oxide, hydrogen silsesqui oxane and NANOCCLASS. 7. The nethod of
claim6, wherein said first insulati NG, | ayer conprises NANOGLASS. S. The
met hod of claim1, wherein said first™insulating layer is formed by
deposition to a thickness of about 2,000 to 15,000 Angstrons. 9. The net hod
of claim8, wherein said first insulating layer is fornmed by deposition to
~a thickness of about 6,000 to 10,000 Angstrons. WD 02/ 19419

PCT/ US01/ 26975 22 10. The nethod O claim 1l wherein said second insul ating

| ayer conprhs@se &5 galﬂ'ulfénéa%ﬁim{t-z,oao ATBeromt bodboit 1,80 MAHYstratmss miore sai d

organic material 1s selected fromthe group consisting of polyimde,

spi n- on- pol yner flare i S,...haryl 3 | ene,
benzocycl o@i%ﬁ@lyaﬂ%ﬁ@uflgwg }f‘h@bﬁeﬁﬂ%ae% CI|% gﬁ%ﬁ%é{%\ﬁg@dﬁ%@g?ﬁbggcond
insulating layer conprises SILK. 13. The nmethod of claiml| wherein said
second i nsuherinag!l imsylating dayisr 68 s cursd pgaPedaiaed tsaPeragy e, depenfifihod of
claiml3, wherein said inorganic material is selected fromthe group

consi sti ng ,ahinf bHQhE RatRE asd kp&iit diagdcaeistby of vgdnsiditgesgtirakafehand
NAI vTOGLASS. 15. The method of claim 13, whereilz said second insulating

| ayer conprj ses .NA ASS. .16, .The ' . [ id second
i nsul ating 4689%‘P°F2|1§%P%5uf} asdglﬁo%qcn?%%%[%ggg aﬂ)ﬁéc%t&égs 0 C%zggotﬁ;? 2,000 to

15, 000 Angstrons. V1' O 112/ 19A 9 .
formation of the first intermetal insulating layer 55, may be used also.

The material of choice for the second intermetal insulating layer 65 is also
a low dielectric constant organic or inorganic material, with a dielectric constant
lower than 4.0, as the ones listed above with reference to the first intermetal
insulating layer 55. However, as discussed in more detail below, the two intermetal
insulating layers 55, 65 and the etch chemistries used to selectively remove these
intermetal insulating layers may be physically and functionally related to each other.
As such, the two insulating layers 55, 65 may be deposited in a similar manner and
by similar methods. In addition, the insulating layers 55, 65 are preferably
compatible with each other in the sense that each of them may be capable of
withstanding stress levels which will be later induced as a result of various processes
and during the use of the IC device. Further, each material should be capable of

withstanding the maximum temperature required in the processing of the other one.



~ conductive materi al

2J PCT/ USQL/ 2(~975 17. The nethod of claim 16, wherein said second
hi sulating |layer is formed by deposition to a tluclaless of about 6,000 to
10, 000 A ) 18. The nethod of claim 1, wherein said ormal ¢
sai d firggaééggﬁ?zg is achi eved by selectively etching safé*ﬁg?@%”{
insulating layer with a first etch chemstry, said first etch chemstry
bei ng selective v~=ith respect to saiP second insulating layer. 19. The
met hod of claimI18, wherein said step %f form ng said second opening is
achi eved by selectively etching said second insulating layer r elative to
said first insulating layer with a second etch chem stry, said second etch
_ chem stry being selective with respect to said first insulating |ayer. 20.
The nethod of claim1 fi~.rther conprising the step O forrnrng a barrier
layer on said firsg, 99@@&@&1 bebeaRn&R of 15 pReseir invamidli, Rgos@intpatiblest

1. The nethod of claim1 further conprising the step
of formng a barri.er_ |ayer. on sahd secon epi f Lg.: f
provi di ng $BEnds e SERABTE H%ﬁ’lgar 'lgﬂ%}%gﬁgé’%eglﬁesg%;ﬁd@gkﬁg? glﬁﬁ?%,l
wherein said netalLlization structure is a subtractive netallization
struct ure. with/¥ofapproxongelyL.6ETr L8P IKHz)apdd¥dNIAGLASSE iy gamif aeitlng a
netallization structure, said nethod conprising the steps of; formal g a
SI'LK i nsul atiing df@?ﬁfoxﬁﬁ@d&ly%.s LB V0ATE:). Mk ST KGaral KANO Gloikucn e
material in a first opening formed within said SILK insulating |ayer;

fonniiig a NA ASS insul atin er | =i L d. .
i nsul at i ng 3PRYE ﬁﬁﬁmscgfﬁn$ ia?%t% O(k:lgé%fu%? ?\&g%ﬁ%ﬁ%ﬁ%@ﬂé Agrrllﬁ]’?}r]%l%g ?gglgheas
opening within said NANOGLASS insul ating |ayer_and ext eng' saqi d second
openi ng t o veell a5 the psecesng tenperatire s £1c3 othghdFpithss rHYy HR abdnd
conductive material in said second opening.

NANOGLASS may be individually etched by a respective etchant which, while

readily etching one insulating material, will have only a very small, negligible etch

rate for the other insulating material.

Another example of two compatible low dielectric constant materials is a
foamed polyimide (as the organic component with k in the range of 2.0 to 3.0,
depending upon the degree of porosity) and hydrogen silsesquioxane (HSQ) (as the
inorganic component with k in the range of 2.3 to 3.0). However, other
combinations may also be employed. Further, two low dielectric constant organic
materials, as well as two low dielectric constant inorganic materials may be used also,
as long as both materials retain compatible physical and chemical properties. Thus,
the present invention is not limited to the use of the above-mentioned
combinations, and other compatible low dielectric constant materials may be used

also, i.e. those with dielectric constants lower than 4.0.



24. The nethod of claim 23, wherein said SILK insulating |layer is forned by
deposition to a thickness of about 2,000 to 15,000 Angstrons. 25. The

met hod of ¢l aj 4, wherein said SILK insulating | ayer is as
depositi&ﬁsf%hgh hi ckness of about 6,000 to 10, 000 Angstrgégﬁﬂgg? %he

met hod of claim 23, wherein said NANOGLASS izzsulating |ayer is fornmed by
deposition to a thickness of about 2,2@0 to |5 000 Angstrons. V4' O

02/ 19A9 PCT/ US01/ 21975 25 27. The nethod of clahn 26, wherein said
NANOGLASS insul ating layer is forned by deposition to a thickness of about
6,000 to 10,000 Angstrons. 28. The method of claim?23, whereh~. said step
~of formng said first opening is achieved by selectively etching said SILIC
insulathlg layer with a first etch chem stry, said first etch chem stry

behi g sel ective wi Wik esPREationsAitbe s@oatdniensedabidsnlgtingyeer 689 viTid

. method of claim28, wherein said step of formng said second opening is

achi eved bY< Iﬁglljélre?]ﬁ?{) \{x?;llyy beS ogmea%aﬁ{%?%@ws As%ﬁk!l'l?al i38nk gﬁngL'\ééi§th a

second etch ry,” said sec stry being selective ~cvith

respect to said first hisulating |ayer . 30, The nethod of claim?2

wher ei n sai ]@Yffl'ifrgs(tFl%‘ﬂ‘@Hsc)H%fﬁng%yo"icé thgsesQyd dHeisp SLARRS gatYFlyg%rnghSai d
second etch chem stry is a chlorine plasma chem stry. 31. An integrated
Circuit strecbod phoegitilsiends iatidm mirternaiivith hagadkaper shwwh) baving st
dielectric constant | ower than 4.0 provided over a sem conductor substrate

and rncludrrr . ti t@ il i L4 hyn said
fast insul alt“imgrf'ﬁg%)gjﬁl/ggﬁag%g? %V\Bq‘%z‘ﬁ%p%tﬁQ@Z% tI@é(lg‘{a'l&c}q %&ég}t/ggcﬁf \é‘é%ﬁg second

insulating |ayer with a second dielectrig¢ constant, |.gwer 4.0 provided
over said fintematgdnswatng lgverfRafo faigy ya %Qc ORdils {184 e H]laiﬁf élfltl]lgbésf ayers
bei ng capable of withstanding simlar stress |evels and processin

t enper at ur esf the second intermetal insulating layer 65 defines the thickness of the via 70. The

thickness of the first intermetal insulating layer 65 defines the thickness of the via

60.

The etching of the via 70 (Figure 14) is accomplished by employing a
second etchant to selectively etch the second intermetal insulating layer 65 through
to the subtractive pattern 52, or in the alternative, through to the first intermetal
insulating layer 55. In an exemplary embodiment of the present invention, which
employs the SILK/NANOGLASS combination, the first etchant (for selectively
ctching the first intermetal insulating SILK layer 55) may employ oxygen (O,)
plasma, while the second etching (for etching through the second intermetal

insulating NANOGLASS layer 65) may employ a chlorine (Cl) plasma.

Subsequent to the formation of the via 70, a barrier layer 72 (Figure 14)

is formed on the via 70 and over the second intermetal insulating layer 65 by CVD,



32 . The integrated cir cuit structure of claim31l, when eiil said fir st
i nsul ating |ayer conprises an organic material. 33. The illtegrated circuit
structure,gf,gbg,m 32, v~~herein said organic material ispsgheplfid,fromthe
group conS|s?ing of polyimde, spin-on-polyners, flare, po yalflethers,
pai yl ene, pol ytetraffuoroethyl ene, benzocycl obutene and SILK 34. The
integrated circuit stt-ucture of claifx33, wherein said first insulating
| ayer conprises SILK. 35. The illtegrated circuit structure of claim 31,
wherein said first insulating |ayer conprises an inorganic material. 36.
The integr ated cir cuit str uctzire of claim3 5, when ein said inorgaiuc
. mater ial is selected fromthe group consisting of fluorinated silicon
oxi de, hydrogen sil sesqt uohane and NANOGLASS. V'O U2/ 1919 27
PCT/ USUL12 1p@BSsphittlerink dvﬁ)ib@gﬁoﬁf]@ﬁa diicknesd 6f ot GOt A ainscdoaibou8 200when
~ein said fir st insulating layer has a tlucluiess of about 2,000 to 15, 000
Angstrons. 38. The inteaqr I [ r . ofp.. i . ehp said
second i nsul SPH&“PQV%F g%%%gbgggﬁ%%%éﬁﬁéyﬁééggfaﬂﬁg%gFH¥ﬁér?%€ggnged
circuit structure of_ claim 38, mherein,sai%“or ani c erial layer is
sel ected f rigviieayes7duase cesrals stuchgs Sraniemyfibi, gacoxiyim (4n- BBWWQ@{’%W are,
pol yaryl et hers, paryl ene, polytetrafl uoroethylene, benzocycl obutene and
SI LK. 40. Thehiuit €gH)abehetilrcontficunsltrsuch as tatadbmehiaide GaNwhElesiiad, sh¢ d
second insulating |ayer conprises inorganic material. 41. The integrated
circuit strycture of ' , ' b el ol el i's
sel ected fr%ﬁ?@ﬁgygégﬁ%ﬁgg%i?%?%%gfbpﬂgﬁﬁbgFﬁg?ggﬁgﬁ'F55§Pg§?g2% hydr ogen
si | sesqui oxane and NANOCLASS. 42. The ingeg ated circuyit stn;ctqeg of claim
31, wher ei nrelastarsBetM glirgs srel phE LY Q) & 1hairl any fyEnBePBHEAREI 22, 000 t o
15, 000 Angstrons.

suppresses the diffusion of the metal atoms from the subsequently deposited

conductive material (Figures 15-16), while offering a low resistivity and low contact

resistance between the conductive material and the barrier layer 72.

After the formation of the via 70 through the second intermetal
insulating layer 65, further steps to create a subtractive metallization structure 100
(Figure 16) may be carried out. Accordingly, a conductive material layer 81 is next
deposited overlying the second intermetal insulating layer 65 and filling in the via
70. In the preferred embodiment, the conductive material layer 81 comprises either
copper, tungsten, gold, silver, aluminum, or their alloys, but it must be understood
that other materials may be used also. In any event, the conductive material 81 may
be blanket deposited by a known PVD, CVD, or a combination of these techniques
to fill in the via 70. Alternatively, the conductive material layer 81 may be deposited

by a plating technique.



WO |12/19.119 28 PCT/USU 1/2(i9?] 43. The integrated circuit structure of
claim31l, ~=herein. said first and second insulating |ayers are forned of
different_materials which can be selectively etched rel atj h ot her.
44. A pr QLG hased system conprising: a processor; anhgﬁlhjgé)ltlﬁ?'gér at ed
circuit coupled to said processor, at |east one of said processor and
integrated circuit iicluding a subtrag}.i ve netallization stllicture, said
subtractive netallization structure cohprising a first low dielectric
constant insulating layer with a first via formed within said first |ow

di el ectric constant insulating Layer, and a second | ow dielectric constant
~insulating Layer over said first low dielectric constant iisulatiig |ayer
with a second via formed within said second | ow di el ectric constant

insulating |ayer anfeexh@h@iveiniterifidhydr Bir(Figuet as5)4hd thduaddlyingbiririee
~metallization structu r a on a sem conductor substr ate, conprising: at

| east a first insulating |aye ith a, dielectric constant | an t hat
of silicon ®%Fdeé s BEF ted%‘lec[ ar\égaFtﬁllg%ﬁq g%ﬂh%ﬁ‘f%ﬁ%ﬁ%&‘&é ol d F(gast a
second insulating |ayer |ocated over said fist insulating |ayer; and VI'O
02/ 19-L19 20nRdHRE 0so forasdonsofahe sebwactye mhaipliizatpustaagtags 1O dlustyedivd over
said second islsulating layer, said first, second, and tlurd insul ating

| ayers bei zﬁigu&q@bl e of withstanding sinular stress |levels and processing
tenperatures. 46. The subtractive nmetallization structure of claim45
fiuther conprising at |east one via formed within each of said first,

second and 16 | RSASLT0 N  TABAPARH SRS 1AM AL o
Figure 16, it must be readily apparent to those skilled in the art that in fact any
number of such subtractive metallization structures may be formed on the substrate
50. Also, although the exemplary embodiment described above refers to the
formation of a subtractive metallization structure 100 in which only two intermetal
insulating layers are employed, it must be understood that the invention is applicable
to any number of alternating low dielectric constant insulating layers formed over
the substrate 50, in which vias are filled with conductive material, as part of more
complex metallization schemes. Further, the invention is not limited to the use of

SILK and NANOGLASS, but may be used with other compatible organic and/or

inorganic materials with dielectric constants lower than 4.0.

The technique described and illustrated with reference to Figures 6-16
may be used to form interconnect metallization layers in any type of analog, digital
or hybrid integrated circuit structures including, but not limited to, processors,

memory devices, ASIC controllers, etc.



with a conductive material. 48. A subtractive metallization structure
conprising: a SILK insulating layer over a substrate; a first conductive

mat eri al m'\lgéfﬂél na first opening formed within said SlIbKyjR§tHed4d NY

| ayer; S insulating layer in contact with said SILK insulating

| ayer; and a second conductive material located in a second openi ng forned
w t hal sai d NANOGLASS | ayer, said secpsnd opening extending to said first
conductive material. 49. The subtractive netallization structure of claim
48, wherein said SILK insulating |layer has a thickness of about 2,000 to
15, 000 Angstrons. VHO (12/ 19A9 PCTI USI)1/21975 30 50. The subtractive
nmetallization structure of claim48, wherein said NANOG.ASS i nsul ating

| ayer has a tluclcness of about 2,000 to 15,000 Angstrons. .A
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structures according to the present invention is illustrated in Figure 17. A processor
system, such as a computer system, generally comprises a central processing unit
(CPU) 444, such as a microprocessor, a digital signal processor, or other
programmable digital logic devices, which communicates with an input/output
(I/0) device 446 over a bus 452. The memory 448 communicates with the system

over bus 452.

In the case of a computer system, the processor system may include
peripheral devices such as a floppy disk drive 454 and a compact disk (CD) ROM
drive 456 which also communicate with CPU 444 over the bus 452. Memory 448
is preferably constructed as an integrated circuit, which includes one or more
subtractive metallization structures 100. CPU 444 may also employ one or more
subtractive metallization structures formed in accordance with the invention. If
desired, the memory 448 may be combined with the processor, for example CPU

444 in a single integrated circuit.

The above description and drawings are only to be considered illustrative
of exemplary embodiments which achieve the features and advantages of the present

invention. Modification and substitutions to specific process conditions and



@

QI n__{vagl gb] X] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
I i [ ?BKZYl QEFRANP, AN

2] cal ca] AP C2) oa] cal cal cal cal cal ca) 2] cal oa] cal call Fol LAl LAl 4] cal ob

calcalca]calca]cal! _fg f

IS Talpl ! ="n"""3#o###5$9$3$7% xsni dZl 1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 7% %R &K

Z&&

"YU MW() T))) KM 2 **T++4B, ,, - q--{vql gb] X] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c

. aJcal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c

aUcalcal--.s.. /W///0I1001L111D22203~33

44* 4y 445] 555p&1hvsrdal]be wadealdhoad dalactl e fbaniloeadpixd atbdeopd obfleahesintal cal ca

. ]Jcalca]ca]ca] ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]cal]ca! 59666<7X777.:::0;s;

S
c s 0< K<< ===7>>>[ 227 id.7]]. : q]'hlégé cajcajc
a] ca] cg] caﬂvgfg‘gfbé}cégfﬁ%%:@éea ca]lggi})ga fég]:éa %%};éggi fég%lga! AC\p B)]’ el
AJAVA' Ct CECGH#G G&<I CI | | JKOLLLLLL)YM | _ o
oamoopxpp@qﬁqmeizg]d@eqrm]@aqnélairew] by is opbalimitrd &y chs scaPeAf &8s ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! QRpR| RRRSTr TTTTTUZUUCWNAP XZXF X
I XxXXYF . YqYYgheded] dlaelsgb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal ca] cal] caU] ca]ca]ca] ca]jca]ca]calcalcalcal T[[[O\\]r]]]1]1]
ApAAN (T 6Ty T abaabMogbb c]cjcnt]|cc
d} xsmhc”Y] ] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca! dpdddddde
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca!k
Zkkkkl M _I'I'l 3n} mmmilnnnn/ 0qovo~00000
pppp#qsqqg/ r| wnmhc”~Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca
]ca] ca]ca] ca] ca]cal calca]ca]calcaljcalcalcalca!/rOrrHsssttt-t{tttuunuuuvzvv
v Ownwwx
xgxxx]yyz}xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]lca]lcalcalc
aJca] ca] ca]ca] ca]ca]ca] ca]ca]ca] ca]ca]ca]cal zSzzz{T{{{9|\|j|n]||O0}p}}}@~~/
?l ~.}xsnid_Z]]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]cal
cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca! D
"W fiz,8bs~9[| wmhc”Y]]ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]lcalca]ca]c
aJ ca] ca] caU] ca]ca] ca] ca]ca] ca] ca]ca] calca]ca]cal\& I C(*H w nmhc”Y] ] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca
]calca] cal cal ca DUVm K* & 109DD& ()- ~10%& ()- 109%& () -
Z1090 & ()-!s109%0& ()-s10%& ()-*10%& ()-Sm V7f H"109%0& ()- f 109%0& () -
9109@& ()- ;910%& ()-109a& ()-Y10%& ()- &
10%90°& ()-7SaB*" 1090& ,,/-109%& ()-,,:110%& ()- !'L)nl0%WT& ()-
& 10% & ()-9% 10%& ()-3% 109%& ()-36b@ 109! s! 10%>& ()-s! 10%@& ()- 10T
10T 10T@Y10%& ()- ,310%& ()-,1Z2109%& () - FOdEb@ 10%! 10%@& () - 10%@& () -
YL10%@&' () - ~10%@& ()-!10%@& ()-3S10%a& ()- C =dEb@ 10%I!) 10%a& () -
f& 109 ()- $ 10%@& ()- 't!10%@& ()- '!'10%@& ()- @10%&& ()- 5( v w



)1(00d/(E@L/()10@10@100/@ ()- BLO%GE ()-2! 10%R ()- 0 L0%& ()- F.!10%@& ()-
y
10@10% %8 ()-110%& ()-,! L10%& ()- Lt 10%& 10
QdYN%‘%’@a%g 10g 10gS 7! 10%& () - 3@3@() 9% O~ 1¥foldest 062
10%& () - Z@210%& () -2 9010%& () - 31 10%&' () - mMOn_aBYNC 10@ 10%T& () -
109G& ()-1 109418 () - MLOW& ()- !s!10%3R& ()-Ss! 109& () -s_i dEYNC 10@#z
100G& ()- 1 11090& ()- FLO%& ()- 10%% ()-100& ()- @ 109& ()- [<=aB7C
10@ 10T5 109%&' ()-f25109G& ()- ! f 25109888 ()-*10%&' () - (109G& () -
&MlO%& ()- =>?KZYl N 10% ug& () - FT 10% u& ()-3M 10% u&' () -
s110% u& ()-3"" 10% u& ()-s10% u& ()- 10T
10TI QEAEMN/ 10% u! * 1 10% U&' () - 3510% u& ()- 10% u& ()- s10% u& ()-
L310% u& ()- f10% u& ()- EFRIENN 10% ul0 10% u& ()- & 10% u& ()-
10% u& ()-Y( 10% u& ()- & 10% u& ()-
10% ug& () - >?@NP_b@0! TLOWME: () - ! S109F& ()-9109T& ()-s10%& () -

What is claimed is:

1. A method of forming a metallization structure, said method comprising the

steps of:

forming a first opening through a first insulating layer comprising a first low

dielectric constant material;

providing a first conductive material over said first insulating layer and in said first

opening, and patterning said first conductive material to form a first conductive pattern;

forming a second opening through a second insulating layer which is provided over
said first insulating layer and said first conductive pattern, wherein said second insulating
layer comprises a second low dielectric constant material, said first and second low dielectric

constant materials being different and being selectively etchable relative to each other; and

providing a second conductive material in said second opening.

2. The method of claim 1, wherein said first insulating layer includes organic

material.
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4. The method of claim 2 wherein said first insulating layer comprises SILK.

5. The method of claim 1 wherein said first insulating layer comprises an

inorganic material.

6. The method of claim 5, wherein said inorganic material is selected from the

group consisting of fluorinated silicon oxide, hydrogen silsesquioxane and NANOGLASS.

7. The method of claim 6, wherein said first insulating layer comprises
NANOGLASS.
3. The method of claim 1, wherein said first insulating layer is formed by

deposition to a thickness of about 2,000 to 15,000 Angstroms.

9. The method of claim 8, wherein said first insulating layer is formed by

deposition to a thickness of about 6,000 to 10,000 Angstroms.
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11.  The method of claim 10, wherein said organic material is selected from the
group consisting of polyimide, spin-on-polymers, flare, polyarylethers, parylene,

polytetrafluoroethylene, benzocyclobutene and SILK.

12.  The method of claim 10 wherein said second insulating layer comprises

SILK.

13.  The method of claim 1 wherein said second insulating layer comprises

inorganic material.

14.  The method of claim.13, wherein said inorganic material is selected from the

group consisting of fluorinated silicon oxide, hydrogen silsesquioxane and NANOGLASS.

15.  The method of claim 13, wherein said second insulating layer comprises

NANOGLASS.

16. The method of claim 1, wherein said second insulating layer is formed by

deposition to a thickness of about 2,000 to 15,000 Angstroms.
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achieved by selectively etching said first insulating layer with a first etch chemistry, said first

etch chemistry being selective with respect to said second insulating layer.

19.  The method of claim 18, wherein said step of forming said second opening is
achieved by selectively etching said second insulating layer relative to said first insulating
layer with a second etch chemistry, said second etch chemistry being selective with respect

to said first insulating layer.

20. The method of claim 1 forther comprising the step of forming a barrier layer

on said first opening before said step of providing said first conductive material.

21. The method of claim 1 further comprising the step of forming a barrier layer

on said second opening before said step of providing said second conductive material.

22. The method of claim 1, wherein said metallization structure is a subtractive

metallization structure.
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23. A method of forming a metallization structure, said method comprising the

steps of:

forming a SILK insulating layer over a substrate;

providing a first conductive material in a first opening formed within said SILK

insulating layer;

forming a NANOGLASS insulating layer in contact with said SILK insulating layer

and said first conductive material;

forming a second opening within said NANOGLASS insulating layer and extending

said second opening to said first conductive material; and

providing a second conductive material in said second opening.

24. The method of claim 23, wherein said SILK insulating layer is formed by

deposition to a thickness of about 2,000 to 15,000 Angstroms.

25.  The method of claim 24, wherein said SILK insulating layer is formed by

deposition to a thickness of about 6,000 to 10,000 Angstroms.

26. The method of claim 23, wherein said NANOGLASS insulating layer is

formed by deposition to a thickness of about 2,000 to 15,000 Angstroms.
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27.  'The method of claim 26, wherein said NANOGLASS insulating layer is

formed by deposition to a thickness of about 6,000 to 10,000 Angstroms.

28.  The method of claim 23, wherein said step of forming said first opening is
achieved by selectively etching said SILK insulating layer with a first etch chemistry, said

first etch chemistry being selective with respect to said second insulating layer.

29.  The method of claim 28, wherein said step of forming said second opening is
achieved by selectively etching said NANOGLASS insulating layer with a second etch
chemistry, said second etch chemistry being selective with respect to said first insulating

layer.

30. The method of claim 29, wherein said first etch chemistry is an oxygen

plasma chemistry and said second etch chemistry is a chlorine plasma chemistry.

31. Anintegrated circuit structure, comprising:

a first insulating layer with a first dielectric constant lower than 4.0 provided over a
semiconductor substrate and including at least a portion of a metal layer provided within

said first insulating layer; and
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over said first insulating layer, said second and first insulating layers being capable of

withstanding similar stress levels and processing temperatures.

32.  The integrated circuit structure of claim 31, wherein said first insulating layer

comprises an organic material.

33.  The integrated circuit structure of claim 32, wherein said organic material is
selected from the group consisting of polyimide, spin-on-polymers, flare, polyarylethers,

parylene, polytetrafluoroethylene, benzocyclobutene and SILK.

34.  The integrated circuit structure of claim 33, wherein said first insulating layer

comprises SILIC

35.  The integrated circuit structure of claim 31, wherein said first insulating layer

comprises an inorganic material.

36.  The integrated circuit structure of claim 35, wherein said inorganic material
is selected from the group consisting of fluorinated silicon oxide, hydrogen silsesquioxane

and NANOGILASS.
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37.  The integrated circuit structure of claim 31, wherein said first insulating layer

has a thickness of about 2,000 to 15,000 Angstroms.

38.  The integrated circuit structure of claim 31, wherein said second insulating

layer comprises organic material.,

39.  The integrated circuit structure of claim 38, wherein said organic material
layer is selected from the group consisting of polyimide, spin-on-polymers, flare,

polyarylethers, parylene, polytetrafluoroethylene, benzocyclobutene and SILK.

40. The integrated circuit structure of claim 31, wherein said second insulating

layer comprises inorganic material.

41. The integrated circuit structure of claim 40, wherein said inorganic material
is selected from the group consisting of fluorinated silicon oxide, hydrogen silsesquioxane

and NANOGLASS.

42.  The integrated circuit structure of claim 31, wherein said second insulating

layer has a thickness of about 2,000 to 15,000 Angstroms.
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43.  The integrated circuit structure of claim 31, wherein said first and second
insulating layers are formed of different materials which can be selectively etched relative to

each other.

44. A processor-based system, comprising:
a processor; and

an integrated circuit coupled to said processor, at least one of said processor and
integrated circuit including a subtractive metallization structure, said subtractive
metallization structure comprising a first low dielectric constant insulating la-yer with a first
via formed within said first low dielectric constant insulating layer, and a second low
dielectric constaht insulating layer over said first low dielectric constant insulating layer with
a second via formed within said second low dielectric constant insulating layer and

extending to said first via.

45. A subtractive metallization structure on a semiconductor substrate,

comprising:

at least a first insulating layer with a dielectric constant lower than that of silicon

oxide provided over said semiconductor substrate;

at least a second insulating layer located over said first insulating layer; and
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at least a third insulating layer located over said second insulating layer, said first,
second, and third insulating layers being capable of withstanding similar stress levels and

processing temperatures.

46.  The subtractive metallization structure of claim 45 further comprising at least

one via formed within each of said first, second and third insulating layers.

47.  The subtractive metallization structure of claim 46, wherein said via is filled

with a conductive material.

48. A subtractive metallization structure comprising;:
a SILK insulating layer over a substrate;

a first conductive material located in a first opening formed within said SILK
insulating layer;
a NANOGLASS insulating layer in contact with said SILK insulating layer; and

a second conductive material located in a second opening formed within said

NANOGLASS layer, said second opening extending to said first conductive material.

49, The subtractive metallization structure of claim 48, wherein said SILK

insulating layer has a thickness of about 2,000 to 15,000 Angstroms.
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50. The subtractive metallization structure of claim 48, wherein said

NANOGLASS insulating layer has a thickness of about 2,000 to 15,000 Angstroms.



