28 February 2005 SUBTRACTI VE METALLI ZATI ON STRUCTURE AND "METHOD OF MAKI NG
Field of the Invention The present invention relates to sem conductor

devi ces and net hods of naking such devices. Mirre particularly, fthe

i nvention relates to a nethod of formng multilevel subtractive
metal | i zation structures. BACKGROUND OP THE INVENTION_”T?#ﬁts rathﬁ 5of a
| ar ge nunber of conponents 'on a single integrated circ ? %5"% B
requires conplex interconnects. ldeally,. the interconnect structures
shoul d be fabricated with mniml signal delay and optimal packing density.
The reliability and performance of integrated circuits maybe affected by
the qualities of their interconnect structures. Advanced nmultiple

metal | i zati on | ag@FBTRACTIVENMETA TN ZETION $TREUCTURE ANTKI ng
densities as devices shrink bel ow sub-0.25 m cron design rules. One such

nmetal i zation scheme is a duahegredsisE NagatyGe fornmed by a dual

- Field of the Invention
The present invention relates to semiconductor devices and methods of

making such devices. More particularly, the invention relates to a method of

forming multlevel 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. Ide:ally,: the interconnect
- structures should be fabricated with minimal signal delay and optimal packing
dens%ty. "The reliability and performance of integrated circuits may be affected by

the qualities of their interconnect structures.

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 2 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




damascene process, which is an additive netallization process. Another
netallization schene is a nmultilevel subtractive structure fornmed by a
subtractive netallization process. Wile the additive nmetallization
involves the addition of 2 28 February 2005 netal into defined channels in
a dielectric material, such as silicon dioxide, the subt tive
netal | i zati on invol ves the renoval of Zinprotected portio goryan, 2009 os| y
. deposited netal, for exanple alum.num to define portions of ‘integrated :
circuitry on a substrate. As illustrated in Figure 1, one of the known
subtractive netallization processes begins with the deposition of a first
insul ating |ayer 14 over regions of interconnect netal 12 previously
patterned and formed over, a sem conductor substrate 10, The_ insul ating

| ayer 14 | figsahinee definesd chamselsiin arbgleapicymaterial sach agsiligon Flwﬁc, % and a
hard mask |layer 15 to formvia holes 17 (Figures 2-3) corresponding to a

metal | i nesgbuidivefmhédllizh@ye involee H6© FIRE VAl of unpreteerd pditions af @t ch from
attacking the underlying substrate, the nmetal lines are wi dened at the

position of the vi herefore reducing the densi f w.ring.which is
oot ai nabl ePEIEsH) Beped 68 e fora R MR el T lefio® eghbhy B M ekl
metal layer is deposited. If a barrier material is required, a bl anket

| ayer of tRECHEYrane? swestestt-al i s deposited prior to the deposition of the
netal |ayer. For exanple, a titaniumor zirconiumlayer of about few

hundred Angstrons thick nay be deposited prior to the deposition of a

thi ck al umnum 0 54 ARRASFedh HRYurd el Udelithe KolowAP M2 t00 thdiflidfich00

t
Angstroms. Follow ng the metal-depdsition, a |aye photoresist iIs
. . . h | h .
? ﬁgofletsiegt gpqeﬁd’ ésrqug ggpﬁ a@\an 'gha%rg%gsi%toi 0 as Er’st Ens%laneuntgalaygafi g\rrcnr tlegiolnggged Into

interconnect metal 12 previously patterned and formed over a semiconductor
substrate 10. The insulating layer 14 is patterned by photolithography using a resist
laycr.lé and a hard mask layer 15 to form via holes 17 (Figures 2-3) corresponding
tola metal line of the first level interconnect. To prevent the via etch from attacking
the underlying substrate, the metal lines are widened at tl;c pc}s'ition of the via,

therefore reducing the density of wiring which is obtainable on 2 given level.

After the via etching is complete, a blanket metal layer is dcpositcd.‘ 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




3 28 February 2005 appropriate etching process such as a reactive ion
etching, for exanple, the netal pattern is defined. If a third |evel of
netal is desired, a second |layer of the insulator is deposited through

whi ch vias are etched, followed by the deposition and etching of another
metal level. This process is repeated tp acquire the desggeﬁ Bunber §%
metal levels. Subtractive metallizatiorf processes such astd RBPHAEY 4882 i bed
above pose .sonme drawbacks. One drawback is..the substantial undercutting
whi ch occurs typically during etching for the formation of vias, such as
vias 1S of Figure 4. Msalignment of vias 1S with the underlying

i nterconnect netal 12 often occurs-so that, during etching, the underlying

substrate igdi8 95&%@1&&%&&&@@&1@&@@%&& ro?ﬁ&kmgfg?%} e&ngéxas IV lekAP

wi th the inteéerconnect ne Accordi ngly, regions I nt erconnect netal 12

aze patterned w der, and, larger. to elimnate any overlap. However,

i ncr easi ng R"r‘iéﬁrw*%‘ii?ﬁ“‘?%i ﬁ‘r@q&@t laﬁémmetglaxé idgéff‘?fg % f560nA e G Feckswatax
is not conpatible with the stringent requirenents of packing density.
Further; hiighepsatedt ihvougle widds viagarwodtcliel, ébllewed bl tie plepdsicied andtdiclihgse
limtations. The problemcould be elimnated by the use of one or nore etch
Stop 1 aversradhhaianahy 10k 9YAMAGES (0o NeASoLBALRE e SEOR AHEDS, 57°
significant, the process I's compléx Since separate depositions are
required for éﬁe efch stop layers. |In addition, the nost commonly used
etch stop mBEBHAFLS. silicon nitride (Si,N4), has 4 28 February 2005 a
rather high dielectric constant (k) (approximately 7), which does not
satisfy anynore the requirenent ofresistance-capacitance delay regarding

the parasitic cap3ebhab6ee ARAEGAIRG Proc&Red MBIEhRlodeft@bdibdRYRse AS
integrated circuits becone denser, it is increasingly inportant to -

mnimze stray capacitance between .the netal .layers. This,.s acconplished
by using iﬁpgcnéﬁagbl %C%sw@é’tci‘ﬁ@%%rl‘eﬁs ¢ Ftst efﬁﬂaﬂgg‘ftﬁa??)?%onstant,
such as, for exanple, organic dielectric materials. Silicon nitride does
not sati sf yypisally daungetaring éor eredormatiary of sjeaciuchrs o/izsf 1 &aof Bigusu4.

‘metal lization sa-uctutes. Accordingly, there is a need for an inproved

subtract i veMislighineARbF 0Rs 18IWidE thE Endbikehe LREHGRS B R NIOHREPSESGANS

i ncreases productivity. There is also a” need for a subtractive
metal | i zation process that has zero overlap between the vias nd the
Under | yi ng ek AP heh tioBadeTbing SRR B BHOSHIR G4 pisred dFfgsa st
further needed a nethod for decreasing the stray capacitance between the
netal | ayefshetias gverlap withetheansdrbomect aretslt rAcondegly, 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 (Si;N,), has




Summary of the Invention The present invention provides a nethod for
fabricating a subtractive netallization structure in a sem conductor

device. According to one aspect of the 5 28 February 2005 inventi on,
productivity can be increased, as the wiring density is increased and fewer
processing steps are required. According to another aspe f the

i nvention, the use of high dielectri& etch stop materi al brusgy 2085 ded,

$0 as to reduce or tn;n;m~e stray capacitance. In an exenplary

enbodi ment, a plurality of Iow dielectric constant nmaterials are selected
so that they have simlar nethods of formation, as well as simlar
capacities to withstand physical and thermal stress. The low dielectric »

Cubsequent Yo 3R a8 A3 sR-Eb D apPURiRole 2L P HED R MO RRGRECGi g The

| ow dielectric constant materials are selected so that the etchant used :
for each cwy¥meas thersquirarnent of resissaneeacapacisanae) dedayt sgatfing threparpaie
dielectric constant materials. As a result, the plurality of |ow

di el ectri Gap@ifinplgeABaesd B* an ¢RrAetal ABuRLRIY 187 QPN Bkt clrBuigd her | ow
dielectric constant materials during the fabrication of 'subtractive

metal | izatjon structures. Additional features. and advantages qf the
pr esent 1 TUSRTICHETED I Banrisrunelk RERPFG B AV SITRIZF AR FPRECHRAS RS EcD

description which is provided in connection with accoer)a_nyi ng draw ngs
whi ch i || bt mattel byempTryisexbomphshedsbyotsing éntenmeral irsnlating layers that have

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

metallizaton structures.

Accordingly, there is a need for an improﬁcd subtractive metallization
structuré 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. TI:;'cre 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




28 February 2005 Brief Description of the Drawings Figure 1 is a cross

secti onal

view of a subtractive netallization structure at a prelimnary

stage of production and in accordance with the prior art. Figure 2 is a

cross sectional

at a subsequent stage of production. F'égure 3 is a cross &egtional }5 w of
SR 200

the subtractive netallization structur

of Figure 2 at ~

of production. Figure 4 is a cross sectional view of the subtractive
metal lization structure of Figure 3 at a subsequent stage of production.
Figure 5 is a cross sectional view of the subtractive netallization

" structure

invention, productivity can be increased, as the wiring density is increased and fewer
processing steps are required. According to another aspect of the invention, the use
of high dielectric etch stop materials may be avoided, so as to reduce or minimize

stray capacitance,

In an exemplary embodiment, a pluralitf of low dielectric constant
rmaterials are selected so that they have similar methods of formation, as well as
similar capacities to withstand physical and thermal stress. The low dielectric
constant materials act as insulating 1ajrc£s through which vias are subsequently
formed dccorcﬁng to subtractive metallization ﬁroccssmg. The low dielectric -
constant materials are selected so that the etchant used for each one ilas énly 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.

view of the subtractive netallization structure of Figure 1

age



of Figure 4 at a subsequent stage of production. Figure 6 is a cross

sectional view of a subtractive netallization structure at a prelimnary
stage of production and in accordance with an exenplary enbodi ment of the
present invention. Figure 7 is a cross sectional view of the subtractive

metal lization structure of Figure 6 at a subsequent stag rodugt.i.on.
28 February 2005 Figure 8 is a cross séctional view of t%&ﬁﬁ'ﬁ%&bbg

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

Brief Description of the Drawings
Figure 1 is a cross sectional view of a subtractive metallization structure at

2 preliminary stage of production and in accordance with the prior art.

Figure 2 is a cross sectional view of the subtractive metallization structure

of Figure 1 at a subsequént stage of production.

Figure 3 is a cross sectional view of the subtractive metallization structure

of Figure 2 at a subsequent stage of production.

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

of Figure 3 at a subsequeént 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.




Figure 9 is a cross sectional view of the subtractive netallization
structure of Figure 8 at a subsequent stage of production. Figure 10 is a
cross sectional view of the subtractive nmetallization structure of Figure 9
at a subsequent stage of production. Figure 11 is a cross sectional view of

the subtractive netallization structure,of Figure 10 at bseque t age
of production. Figure 12 is a cross secfi onal gvi ew of th?iﬁﬁﬁ?‘%&'?@gg
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 8 is a cross sectional view of the subtractive metallization structure

of Figure 7 at a subsequent stage of production.

Figure 9 is a cross sectional view of the subtractive metallization structure

of Figure 8 at a subsequent stage of production.

Figure 10 is a cross sectional view of the subtractive metallizaton

structure of Figure 9 at a subsequent stage of productioﬁ.

Figure 11 is a cross sectional view of the subtractive metallization

- structure of Figure 10 at a subsequent stage of production.

Figure 12 is a cross sectional view of the subtractive metallization

structure of Figurc. 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.




Figure 14 is a cross sectional view of the subtractive netallization
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 production. 8 28 February 2005 Figure 16 is a
cross sectional view of the subtractive netallization str u e of ure
15 at a subsequent stage of production. 8Figure 17 iIIustr E '&'%gﬁhg
system having a nenory cell with a dual

Figure 16 is a cross sectional view of the subtractive metallization

structure of Figure 15 at a subsequent stage of production.

Figure 17 illustrates a computer system having a memory cell with a dual

damascene structure according to the present invention.

Detailed Description of Preferred Embodiments
In the following detailed description, reference is made to various specific

embodiments in Which_ the invention rnay. be practiced. These embodiments are
d&cﬁbcd with sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be employed,
and that structural and electrical changes may be made without dep?rting from the

spirit or scope of the present invention.

The term “substrate” .uscd 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-




damascene structure according to the present invention. Detailed
Description of Preferred Enbodi nents In the follow ng detail ed description
reference is nade to various specific enbodinments in which the invention
may be practiced. These enbodi ments are described with sufficient detai

to enable those skilled in the art to practice the invention, and it is to
be understood that other enbodiments nmaf be enpl oyed, anéB FaBRUaty 2086ur al
and el ectrical changes nay be nade wi thout departing fromthe spirit or
scope of the present invention. The term "substrate"” used in the follow ng
description may include any sem conductor-based structure that has a

sem conduct or surface The term should be understood to include silicon,

ili - I d.and undoped
Sem conduct P e £eiflabiue pt SRR n SRR ot tieny Ripaei s "7

sem conduct or foundat| on, and other sem conductor structures. The
seni conduct orsubgsaein ﬂmfcéﬁol\%imgnlcmmn, Phovissprooedstipsmayokve bzensi | i con
9 28 February 2005 gernmani um gernmanium or gallium arsenide. Wien

reference i sudiBRe thPofn reSiBhs bt ?ﬁr?ctldn@ ih B? obQht BANGEHRSEEL B! BP for B¥RUS

process steps nay have beeén l1zed to formregions or junctions In orf on
t he base sem conduct or or foundatl on. The present invention provides a

nmet hod f or fabricatiﬂg a subtractive netallization structure in which a
plurality of |ow di ePERIFSERt LBELLH:PIRYEES R Mrefhad dor Dbrisating 2 WRPHAIVE] | ar
net hods of formation, as well as with sinilar capacities to withstand

physi cal andnttaizagon stroemse i whidtonphliralitpAifiow dielbatiaiontRhe additalosde as
i nsul ating | ayers through whi ch vial aze subsequently formed. Referring now

umer al &, Fipars AN S o SRS T B, DS S cal SIS0

first i nterrretal suI at | ng Iayer 55 is fornmed overlying the substrate 50
as shown in Wi S&H&‘& thscarpbsaess- disolgvndislectic constantanatatials avesst i on,

the first internetal i nsuI ating layer 55 is blanket deposited by spin

coating to ansulitiigiagers ohrouphiiivhithGR4 ardBeisdetadftlf fordfedd00 Angstrons, nore
prefeérably about 6,000 to 10, 000

Referring now to the drawings, where like elements are designa"ted by like
reference numerals, Figure 6 depicts a portion of a semiconductor substrate 50. A

first intermetal insulating layer 55 is formed overlying the substrate 50, as shown in

Figure 7.

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 intcrmcté.l insulating layer 55 may be cured at a predefined
temperature, depending on thé nature of the material. Othcr lmown deposition

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



Angstronms. The first iaternetal insulating |ayer 55 may be cured at a
predefined tenperature, depending on the nature of the material. O her
'mown deposition nmethods, such as sputtering by chem cal vapor deposition
(CVD), plasma enhanced 10 28 February 2005 CvD (PECVD}, or physical vapor
deposition (PVD), may be used also for_the formation of i rst
intermetal insulating |ayer 55, as dest?ed. Desirably, tfﬁ??&@@wz{)%
uiternetal insulating layer 55 is selected so that the etchant for this

| ayer does not attack the underlying substrate nmaterial to any great
extent. The first internetal insulating |ayer 55 may be fornmed of a | ow
dielectric constant organic material such as, for exanple, polyiruidc,

spi n- on- pol flar. i ef-SrrRarl.
ol yi ot 7 af | SOEL RS Dk or i HEY Rt Bt N TP oY Eecd o PRl ve y.
the first internetal insulating |ayer 55 may be fornmed of _an inorganic
materi al  wifPHNAEOR Gftie Brssantcrmetsd msuluing daen Sbs as desiresk abpsienblyf, I ftstat ed
silicon oxide (FSG, hydrogen sil sesqui oxane (HSQ or NANOGLASS. The

present i nvgfdrhRfal iSsulXing Loyt §6lis RRVENED thia thd erchBAY Ryl thit SR EBELRbRI S
and other organic and inorganic materials with |ow dielectri'c constant may

be used. For rposgs,of the invention, a low dielectric constant materi al
is one V\hosaétaag g?‘ggflﬁfgym&)gﬁgfté#? n%aﬁnz{lgol%c% @ %hat of silicon oxide
(SiQz), which is approximately 4.0. Next, as illustrated in Figure 8, a
first photoresist layer 58 is fornmed over the first internmetal insulating

| ayer 55. The firsiThehfospireainsdtal iapdatiddlayar $henay pafdreatof alowhdialerask
(not shown) having inages of via patters 59. Thus, vial 60 nmay be forned,

as shown i i IS N ~hi i i Py Si st
ayer 55 ang T arS Sriiy Ll oich b N Bn D Rl A bhmeR BOPES! 1)
28 February, 2005 may, he selected in accpordance with the characteylstics of
the first itHEIRRLY c%qr@,rRagylcngaqolypﬁga&qyﬁgﬁylg%[kcgﬁgwé"o%tmc @ELPF vely
- etch the first insulating material 55 wuntil it reaches the sem conductor

substrat e SILKIAernatively, theefiseimpsraletaifindligtihg $dyer BBahay bsf@inddafan 58,
vial 60 are fornmed into the first internmetai insulating |ayer 55, as

R T B e R R R

firstinterngtal insulatipg |ayer55 by CVD, PVD, . sputtering or evaporation,
to a thickd anﬁmi%ﬁéhgimﬁas%%hﬁwxa%&ﬂ%bwmg SS.nehe
preferably of about 100 Angstrons. Preferred materials for the barrier

| ayer 62 azeesent alventiondh nas lifditednhowetek] jo i ssork-listed Aareridlsigbbtiar (W .
or hafnium (Fif), or metal conpounds, such as tantalumnitride (TaN),

whi ch may J J%é:ﬂj L1 . i S rmi.er | ayer
62 may be %gﬁanxggag??g? rac‘t%gﬁmr?g’ﬁg? fé:‘%ﬁp‘%nil)%cr%rs: ,c ggﬂraﬁgﬁjg%q}?s?&e"f ?ggt ory
netal nitrides sug)? as, TiSi_, and, ZrSi. In any event, the bazrier |ayer 62
suppr esses PURROSSS Of tas Bivestonnslove dislecsriorrnstantomatasial 5 encoubessidiglectnic
deposited conductive material (Figures 10-16), while offering a |ow
resistivityoasdnt (iwiswmracmanﬁhhlséﬁﬁlﬂﬁnbﬁﬁdhe&iﬂzf),ewﬁilhdﬂﬁ?ﬂar\bﬁirﬂﬁ&l@rial and
the barrier layer 62. As known in the art, the material for the barrier

| ayer 62 is selected according to the type of netallurgy and/or insulators
enpl oyed.

Next, as illustrated in Figure 8, a first photoresist layer 58 is formed over
the first intermeral insulating laﬁcr 55 .. The first photoresist layer 58 is then
patterned with a mask (not shown) having images of via Pattcrns 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




12 28 February 2005 Next, as illustrated in Figure 10, a conductive

material layer 51 is forned overlying the barrier layer 62 and filling in
the vias 60. The conductive material |ayer 51 may be blariltet deposited
by a known PVD, CVD, or a conbination of these techniques to fill in vias

60. Alternatively, the conductive material |layer 51 nmay be deposited by a

pl ati ng technique. If necessary, a secahd barrier | ayer mfyFeRUREp88PPed on
top of the conductive material |ayer 51. For exanple, in the case of

al umi num or al um num copper alloy structures, a layer of titanium (Ti) or

zirconium (Zr) is often used both above and bel ow the alum num alloy | ayer
to inprove electromgration resistance of the lines. In any event, the

conducti ve ' r 6 re tterned, react i ye | .
ctching 1 or FaY B L RO te, it e BN of Be AP ERMRNRe Bikerigl,
11. The subtractive pattern 52 represents a |ower interconnects which are
to be |atepdi ﬁf@r@égﬁ@c&rm shpwn) will sphesaivelyratel ¢ fess tnsudarisrg mxresial 55
subtractive pattern 52 may be forned of al um num copper (Al -Cu), but other

conduct i ve wmdilit irédches SHE FemiRSndwttes hifinld 50 C AL afcGlhe 198lRal(dfthe fiddt! Ver
(Ag} or alum num (A} and their alloys may be used al so. Referring nowto

Figure 12, cond i nt tal _insul ati | ayer. 65 is forned overlyi t he
first inter@%‘ftéfesﬂﬁéﬁfcéﬁﬁmﬁgg ¢ ﬂ%&ﬂggéﬁ%@f‘wﬁaﬁfw ay‘%.gghe
second internetal insulating Layer 65 may be forned, for exanple, by spin
13 28 Febr wsrijlustopsddndiigeng .0 a t hi ckness of about 2,000 Angstroms to
about 15,000 Angstrons, nore preferably of about 6,000 to 10, 000
Angstrons. Foll ow ng deposition, the second internetal insulating |ayer 65

(s cured al a predefineg.LAMIBEhe R dICORRLINL 60 WBIder Bl B2 (BRI §) and

specific characteristic the insulating materi dep
met hods, suc? as the ones %nti oned above with reference to the formation
of the firdf IPuRed RBAF wiasdl ard ¥y fayatenetalinsulging daygr 8Py CYRL I¥Per i al

of choice for the second internmetal insulating layer 65 is also a |ow
di el ectri c spottingt o0 \G@drAioN, to Aehighidése ofabent 80, Anstidngs @& £Hoae00C
constant |lower than 4.0, as the ones |listed above with reference to the

fLrst Nt erfgatonl NULObIRb SR 108 IR oS PIGHPRIL TR Bulet al |

bel ow, the't I nt erne nsdlating

chem stries used to SS| ectively renove these internmetal jnsulating |ayers
“ may be physTXEHEY pyena2 poe merananrly a3 Branies (15) cirenbindLr), tapgser fW)i 88 t wo
insulating layers 55, 65 may be deposited in a simlar manner and by
simi|laz methadnisem (EfpdsH mhfamcomﬁeuh@guhai b eadcalyied Birfide (TANY whikhehsy Bo! Y
conpatible wwth each other in the sense that each of .them nmay be capabl e of

wi t hst andi o ' bl o i nqu as sul t, o

vari ous pr (r)}% ?gés allra].gﬂ«%luc:fﬁp #g@ﬁé%géﬂ%?’ %ﬁ%g{uécg ga iegg.z rf}?}fp %1 Zc;r,mcéia%f;

mat eri al shoul d be capable of withstanding the maxinumtenperature

required i FEEREOEY at@almmp@m%&)rmmpl@wgm. ctory metal nitrides such as TiSi and
ZsSi. 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 Jow 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.



14 28 February 2005 In a preferred enbodi nent of the present invention, two
conpatible materials for the two internetal insulating |ayers 55, 65 are
SILK (organic material wth |c of approxinmately 2.65 at 100 kHz) and
NANOGLASS (inorganic material wth k of approximately 3.5 at 100 kHz).
Bot h SI LK and NANOGLASS can be applied by spin coating d_both ar

capabl e of withstanding sinvlar stressldevels, as well :23 Fﬁ@”ﬁ%@ggéi ng
tenperature of each other. Further, both SILK and NANOG.ASS nay be

i ndividually 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 exanple of two conpatible | ow

dielectric constant.mater.,als is.a, foappd polyim de (as, the aorganic
Component i th k- NOReSs ittt ibFigne 18, p Eondudbitnhe abBrer Holtdogred of
- porosity) and hydrogen silsesqui oxane (HSQ (as the inorganic conponent
with k is taverlyiaggbedfargdedayay 62 ©)d fiingen ehe vosiédr. Thootidativemsatemsl al so
be enpl oyed. Further, two | ow dielectric constant organic nmaterials, as

vel | as t Weayepw1dirgy 86 Wldriket ﬁ%ﬁgg%&%ﬁgh VDL @'Vﬁ,la ?\r ﬁmgﬁaﬁlﬁﬁ%@l SO,

as long as both materials reta e physi cal em ca

properties., Thus,, .the present, ipyention (s nof{ limted to the use of die
above- nent i%‘?f&feéll:‘ﬁﬂﬁr'%% E@H‘s‘,"a%l é d\rerpat £ cendustsiy rmaenaldays:
constant materials my be used also, i.e. those with dielectric constants
| ower t hanmaythe ddpost@drnbr plating 200midid.er the formati on of the second
internetal insulating |ayer 65, a via 70 (Figure 14) may be forned by
phot ol i t hography. As such, a second photoresist |ayer 6S (Figure 13) is

f d h ' | 41 | &t 1 I .. Jh d
phot oresi ot | ayer o e RReA Batics PREEH: BEfhed ReCleniised SR ok PEREE ng

images of a via pattern 69. The via pattern 69 is then etched into the
second i nfepdedic matgishlayerS ] aler cxsnpls, fothe easeofglumisumhensummuEngur e
14. The thickness of the second internetal insulating | ayer 65 defines the

It ;ucl ness ebppdrealldyastditturkhie lajdy df‘ﬁt@.ﬁfmp(T%ftﬁ Fikcdofturh TZeY ARfeh dsBEWorhi NY
yer 65 defines the thickness of _t he via 60.

above and below the aluminum alloy layer to improve electromigration resistance of
the lines. In aﬁy 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 péttcrn 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



The etching of the via 70 (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 the alternative, through
to the first intermetal insulating |ayer 55. In an exenplary enbodi nent of
the present invention, which enpl oysr#tgshe SILIT NAN(XlAﬁéa(cianl nat Zﬂﬂ t he
first etchant (for selectively etchi the first inter ﬁg

SI LK | ayer 55) may enpl oy oxygen (QZ) plasma, while the second etching
{for etching through the second intermetal insulating NANOGLASS | ayer 65)
may enploy a chlorine (C) plasma. Subsequent to the formation of the via
70, a barrier layer 72 {Figure 14) is fornmed on the via 70 and over the

second i nt %E)Hﬁﬁ%"to N8R 2bBYED (1D Mg%/t?ns td Gbs8: 1200034 Yot Y, BY&}C

sputtering or e aporatl on to a thicknes about 50 Angstro t o "about

200 Angstro ut 100 A rQqns., Preferr ials
for the bRFFIEPY gfabout AR tﬁéﬁa(?@) RS- t @ng&#eﬂwﬂ% e shran
(Zr), tungsten (W, or haf nium (H ), or nmetal conpounds, such as tantalum
nitride (TaNermktal desilatad lagdresS hanrdcbir 4 pyelefifed taypbanire| desknafing,
refractory mnet aI conpounds, for exanple ref ract ory netal silicide such as

TS or Zr §F n, ! B iakERlngls Eg d?@Eﬁéx% tc & of tfx st ﬁxt%icriaﬁ‘eﬂéf“s' on

of the met ons fromthe s sequent ep03| I've materi al
(Figures 15 16), whlql;Fgl offering a | ow reS| stivity and | ow contacth

r esi st ance J6RPHERR MErdOdsTIGh ﬁ@@m%mpanoa%ab% WA resrencgyethes  After
the formation of the via 70 through the second internetal insulating |ayer

65, furtheforshaizn by Ret Biarnsdthitinfdativg lavet 86| hmgtheomedtalsact ure 100
(Figure 16) may be carried out. Accordingly, a conductive material |ayer 81
is next deposited overlylng the second internmetal insulating |ayer 65 and
filling in the via t referied enbqdi pent, the.conduct i

material |ayer 81 Igﬁﬁ’??tg’é}%[ Ogeclhﬁ fg’é %erconadﬁ&gpgﬁl ”b%llb&mgs#}’?}'eélﬁs also
alum num or their alloys, but it rrust be understood that other materials
may be usedlawsdielermicaronstape organiher omrgamicimarerial, sithad ditlevagic corstisitanket
dep05|ted by a known PVD, CVD, or a conbination of these techniques to

£l in theowéeerhid 4.0/ iset!h@%tdey fibeéd aBioPe ﬁﬂﬁ%h&@t&ﬁi@ﬁﬂs@iﬁt&ﬁﬂ&&l Sl may .be

deposited by a platlng t ecl uugue.
insulating layer 55. However, as discussed in more detail below, thc two intermetal
insulating layers 55, 65 and the ctciﬂ chemistries used to selectively remove these
i.ntérmctal insulating layers may b; 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 insuladng 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.




17 28 February 2005 The conductive material |ayer S1 (Figure 15) and the
underlying barrier layer 72 are next patterned and etched to forma
subtractive pattern S2 and to conplete the formation of the subtractive
metal | ization structure 100 illustrated in Figure 6. Al though only one
subtractive netallization structure 100 is shown in Fi e 16, it t be
readily apparent to those skilled in tlde art that in fag'tgsaﬁ@r%’}‘r’gg}jgof
such subtractive netallization structures may be fornmed on the substrate
50. Also, although the exenplary enbodi nent described above refers to the
formati on of a subtractive netallization structure 100 in which only two
interinetal insulating |ayers are enployed, it nust be understood that the

invention is appligable . to, an unber of alternating.|ow dielectrjc
constant i nsul ati ni ?RGEFECH SRIAIBERF of thePietins (RvAEioss TP ORI al ar e

filled wth conductive material, as part of nore conplex netallization
schenes. Fuordtieals farheitwoantdrometdl Snnditidd hiveied L, G5tdre STEE (@ garfit hifreariad
NANOGLASS, but nmay be used with other conpatible organic and/or inorganic

material s w; [ ' t I cri bed
and 111 ust Fros Ok b EeARES A 1RO B b ST 36 (LEREHOHRdET

i nterconnect netallization |ayers in any type of analq igital r hybrid
|t 601 ot ecvEsty E oF PRIORERED 514 00dEg). B S Rn AN O Asssadsor 3.
menory devices, ASIC controllers, etc. 18 28 February 2005 For exanple, a
typi cal pr eppl&sbby hrisedasyg badbédl arhighblens widbsasdingsimilyr gidsclatndls 448,

for exanple a DRAI~2, containing subtractive netallization structures
according bRenPpESENn S INERLLAITe o il BRld: AERiulch SRR Riing A PT OCESSO!
system such as a conpu S em ~generalTy conprises a central processing
unit (CPU)_ 44 such as a mcroprocessor, 'a digital signal_ processor, or
other pro @éﬁl—é%i{@efmﬂ indisgdueallvestched by anrmscevmpshretyhshyvhiie

ani nput/output (1/0 device 446 over a bus 452. The nenory 448

conmuni cat sadity ebcHilie ony Shsiarin@vabtdiis, Willdhavk Hole vedsendl, ndghabRUEN
system the processor system may include peripheral devices such as a
floppy dis i 4 . t. disk (CD) ROM drive 456 which al so
Conmmuni cat%tgm?éﬁ&éﬁ%ﬁﬁgﬁlq%@grﬁgﬁ%%f} 452. "Menory 448 is preferably
constructed as an integrated circuit, which includes one or nore
subtractive nmetallization structures 100. CPU 444 may al so enpl oy one or
nore subtractive feothier ezamplerofewoucampasiblé towndielectrigconstdnnomataialsts ahe -
invention. If desired, the menory 448 may be conbined with the processor, .
" for exanpl fagkdd pdinideTass &%’aﬁc‘dﬁrﬁ@éﬁéxﬁ%ﬁﬁ k%%srﬂﬁ&@ﬁ%@ﬂﬁc“ ption
and drawi ngs are only to be considered illustrative of "exenplary .
enbodi nment g_whi ¢h _achi eye ,t he features .and .advant ages of. the t :
nvent | on. SHBAIRE 2PPB e AE SISt Yt N ey Lpet Fre protEe T Bhs

and

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.




19 28 February 2005 structures can be made w thout departing fromthe
spirit and scope of the present invention. Accordingly, the invention is
not to be considered as being Iimted by the foregoing description and
drawi ngs, but is only limted by the scope of the appended cl ai ns.

February 2005 20 What is clained is: A et hod of forn;ﬂ? a netaghbﬁatlon
structure, said nethod conprising the §§eps of : form ng F 'P

through a first insulating |ayer conprising a first | ow

After the formation of the second intermetal insulating layer 65, a via 70
(Figure 14) may be formed by photolithography. As such, 2 second photoresist
layer 68 (Figure 13) is formed over the second intermetal insulating layer 65. The
second photoresist layer 68 is then patterned with a mask (not shown) having
images of a via pattern 69. The via pattern 69 is then etched into the second
intermetal insulating layer 65 to form via 70, as shown in Figure 14. The thickness
of the second intermetal insulating layer 65 defines the dﬁclcncgs of the via 70. The
thickﬁcss of the first mtcrnlctal insulaﬁng 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 snbtractive pattern 52, or in the altcrrtativc, through to the first intermetal
insulating layer 55. In an exemplary embodixﬁcnt of the present invention, which
employs the SILK/NANOGILASS combiration, the first etchant (for selectively
etching 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,




dielectric constant material; formng a barrier |ayer on sidewalls
defiining said first opening; providing a first conductive material over

and in contact with at |least a portion of said first insulating |ayer and

in said first opening, and patterning said first conductive material to
forma first conductive pattern; formng a second openin rough cond
insulating |ayer which is provided ovell said first i nsulgzﬁ Pﬁﬁfq%évgpa nd

said first conductive pattern, wherein said second insulating |ayer

conprises a second low dielectric constant material, said first and second

low dielectric constant materials being different and being sel ectively
etchable relative to each other; and providing a second conductive

T B Bt vt a5 byt
Angstroms, more preferably of about 100 Angstroms. Preferred materials for the
barrier layer 72 are metals, such as titanium (Ti), zirconium (Zr), tungsten (W), or
hafnium (Hf), or metal conlpounds; such as tmtﬂm nitride (TaN). If desired, the
barrier layer 72 may be formed of refractory metal compounds, for example
refractory metal silicide such as TiSi or ZrSi. In any event, the barrier layer 72
SuUppresses r:}ac diffusion of the metal atoms from the subse-qucntly deposited
conductive material (Figures 15-16), while offering a low resistivity and low contact

resistance between the conductive material and the barrier layer 72.

Aft-cr the formaton of the via 70 through the second intermetal

- insulating layer 65, further steps to create a subtractive metallization structure 100
(Figure 16) may be cartied 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. Alternadvely, the conductive material layer 81 may be deposited

by a plating technique,




3. The method of claim2, wherein said organic nmaterial is selected from
the group consisting of polyimde, spin-on-polyners, flare, polyarylethers,
paryl ene, polytetrafluoroethyl ene, benzocycl obutene and SILK. 4. The net hod
of claim2 wherein said first insulating | ayer conprises SILK 5. The

met hod of claim1 wherein said first i Zulating | ayer co rFses an
inorganic material. 6. The method of ctAim5, wherein sai Bbrugay 2005
material is selected fromthe group consisting of fluorinated silicon

oxi de, hydrogen sil sesqui oxane and NANOGASS. 7. The nethod of claim6,
wherein said first insulating | ayer conprises NANOG.ASS. 8. The nethod of
claim1, wherein said first insulating layer is fornmed by deposition to a

thickness of about 7,000, dfeile nfGi G 89 Gigure 15) and the underlying barrier

layer 72 are next patterned and etched to form a subtractive pattern 82 and to
complete the formation of the subtractive metallization structure 100 illuswated in

Figure 16.

Although only one subtractive metallization structure 100 is shown in
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 forined on the substrate
50. Also, although the exemplary embodiment described above refers to the
fonﬁation of a subtractive metallization structure 100 in which only two intermetal -
insulating layers are employed, it must be understood that the in.vcntion is applicable
to any number of alternating low dielectric constant insulatihg layers formed over -
the substrate 50, in which vias are filled with conductive m&crial, 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.




9. The nethod of claim8, wherein said first insulating layer is formed by
deposition to a thickness of about 6,000 to 10,000 Angstroms. 28 February
2005 22 10. The nethod of claim 1 wherein said second insulating |ayer
conprises organic material. 11. The nethod of claim 10, wherein said
organic material is selected fromthe group consisting of | yi m d
spi n-on-pol yners, flare, polyarylethel8, pazylene, polyt @(8?%?%&'@%299% ene,
benzocycl obut ene and SI LK. 12. The nmethod of claim 10 wherein said second
i nsulating | ayer conprises SILK
For example, a typical processor-based system 400 which includes a

memory circuit 448, for example a DRAM, containing subtractive metallization

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 almicroproccssor, 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 2 computer system, the processor system maf include
peripheral dcﬁccs 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 prcfcr;ialy constructed as an integrated circuit, which includes one or more
subtracdv;: 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




13. The method of claim 1l wherein said second insulating | ayer conprises

inorganic material. 14. The nethod of claim 13, wherein said inorganic

material is selected fromthe group consisting of fluorinated silicon

oxi de, hydrogen sil sesqui oxane and NANOGLASS. 15. The nethod of claim 13,

wherein said second insulating |ayer caonprises NANOGLASS. .. The od of
Thbany 20

claim1, wherein said second insulati | ayer is forned l%s to a

t hi ckness of about 2,000 to 15,000 Angstronms. 28 February 2005 23

structures can be made without departing from the spirit and scope of the present
invention. Accordingly, the invention is not to be considered as being limited by
the foregoing description and drawings, but is only limited by the scope of the

appended claims. -



—

17. The method of claim 16, wherein said second insulating |ayer is forned
by deposition to a thickness of about 6,000 to 10,000 Angstrons. 18. The
nmet hod of claim1, wherein said step of formng said first opening is

achi eved by selectively etching said first insulating Iayeﬁsvghnﬁﬁyéddgn
etch chem stry, said first etch chem stry being selective wth respect to
said second insulating layer. 19. The nethod of claim 18, wherein said step
of form ng said second opening is achieved by selectively etching said
second insul ating layer relative to said #0rst insulating layer with a
second etch chem stry, said second etch chem stry being selective with
respect to said first insulating |ayer. 20. DELETED 21. The nethod of claim
1 farther conpryisd ocliiedsé:ep of formng a barrier |ayer on said second
openi ng before said step of providing said second conductive material. 22.
The met hod of claim1, wherein said netallization structure is a

subtractive metla i Aaltnie %d%tfrfgr%iﬁé%'met%ﬁzﬁ%%@%%%u&%gé method comprising the

steps of:

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

dielectric constant material;

forming a barrier layer on sidewalls defining said first opening;
providing a first conductive material over and in contact with at least a portion of
said first insulating layer and in said first opening, and patterning said first conductive

material to form a first conductive paitern;

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.




24 23. A nethod of formng a netallization structure, said method
conprising the steps of formng a SILK insulating | ayer over a substrate;
providing a barrier layer on sidewalls defining a first opening forned
within said SILK insulating layer; providing a first conduggicyg, Sgsal in
said first opening; form ng a NANOGASS insulating layer in contact wth
said SILK insulating layer and said first conductive material; formng a
second opening within said NANOGLASS i nsul ating | ayer and extendi ng said
second opening to said first conductive ndferial; and providing a second
conductive material in said second opening. 24. The nethod of claim 23,
wherein said SILK insulating layer is fornmed by deposition to a thickness

of about 2,0003t0 17heQ:tHsH0sH ¢19IWE 2, wherein said organic material is selected from the
group consisting of polyimide, spin-on-polymers, flare, polyarylethers, parylene,

polytetrafluoroethylene, benzocyclobutene and SILK.
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.
8. 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.




25. The nethod of claim 24, wherein said SILK insulating |layer is forned by
deposition to a thickness of about 6,000 to 10,000 Angstrons. 26. The
nmet hod of claim 23, wherein said NANOGLASS insulating |layer is forned by
deposition to a thickness of about 2,000 to 15,000 Angstrong, ary
2005 25 27. The nethod of claim 26, wherein said NANOG.ASSg?rEseBII%%{){:%%Usrayer
I's fornmed by deposition to a thickness of about 6,000 to 10,000 Angstrons.
28. The nmethod of claim 23, wherein said step of formng said first opening
is achieved by selectively etching said SELK insulating layer with a first
etch chemstry, said first etch chem stry being selective wth respect to
sai d second insulating | ayer.

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

organic material.

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.



29. The nethod of claim 28, wherein said step of form ng said second
opening is achieved by selectively etching said NANOGASS i nsul ating | ayer
with a second etch chemstry, said second etch chem stry being sel ective
wWith respect to said first insulating |ayer. 30. The net h%irg hﬁéd&zg
wherein said first etch chemstry is an oxygen plasma che y a

second etch chem stry is a chlorine plasma chem stry. 31. An integrated
circuit structure, conprising: a first insulating layer with a first
dielectric constant |ower than 4.0 providéd over a semiconductor substrate
and including at |least a portion of a netal layer provided in a first via
formed within said first insulating |layer; 28 February 2005 26 a second

insulating layey W trhe sheBRfTCt14line] 6 Steteéin G40 St ihan@ingt 183 ¢ foimddsi ded
over said first insulating |ayer, said second and first insulating |ayers

bei ng cap &V and processing
t enper at u? o.gl@gl.tx\%&]ﬁeﬁl%?ﬁgggfg%ozlgggb??:ou?é f)@éin uo‘r?lltlassof claim31l, wherein
said first insulating

(19

18.  The method of claim 1, wherein said step of forming said first opening is
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. DELETED

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.



| ayer conprises an organic material. 33. The integrated circuit structure
of claim32, wherein said organic nmaterial is selected fromthe group
consi sting of polyimde, spin-on-polyners, flare, polyarylethers, parylene,
pol yt etraf | uor oet hyl ene, benzocycl obutene and SI LK. 34. Th

circuit structure of claim33, wherein said first insulatig%kﬁgﬁghﬁﬁﬂg
conprises SILK. 35. The integrated circuit structure of claim 31, wherein
said first insulating |layer conprises an inorganic material. 36. The
integrated circuit structure of claim 35, 2&herein said inorganic materi al
Is selected fromthe group consisting of fluorinated silicon oxide,

hydr ogen sil sesqui oxane and NANOGLASS. 28 February 2005 27 37. The
integrated cirgslit atmbdbdoe idinisd ainbrdlizativhet@tbiirs kid rhéthsd comphtiag kg

steps of
forming a SILK insulating layer over a substrate;

providing a barrier layer on sidewalls defining a first opening formed within said

SILK insulating layer;

providing a first conductive material in said first opening;
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.



| ayer has a thickness of about 2,000 to 15,000 Angstronms. 38. The
Integrated circuit structure of claim3l, here said second insulating |ayer
conprises organic material. 39. The integrated circuit structure of claim
38, wherein said organic nmaterial |ayer is selected fron1t§$ gh 4R 2005
consi sting of polyimde, spin-on-polyners, flare, polyaryle ﬁers

paryl ene, pol yt etraf| uor oet hyl ene, benzocycl obut ene and SI LK. 40. The
integrated circuit structure of claim 31, wherein said second insulating

| ayer conprises inorganic material. ' 41.2%he integrated circuit structure
of claim 40, wherein said inorganic material is selected fromthe group
consisting of fluorinated silicon oxide, hydrogen sil sesqui oxane and

NANOGLASS. 42.27he TR @getRdEEf Clalh W6l whetdif tsbideNANGGBASE Jhsuludtey Biyer Hai d
second insulating | ayer has a thickness of about 2,000 to 15, 000 Angstrons.

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 in a first

via formed within said first insulating layer;



28 February 2005 28 43. The integrated circuit structure of claim 31,
wherein said first and second insulating |ayers are formed of different
materials which can be selectively etched relative to each other. 44. A
processor-based system conprising: a processor; and an in&ggggﬁ@ﬂ,gﬁﬁpuit
coupled to said processor, at |east one of said processor and 1 ntegrated
circuit including a subtractive netallization structure, said subtractive
metal lization structure conprising a first |ow dielectric constant
insulating layer with a first via formed?Rithin said first |ow dielectric
constant insulating |layer, and a second low dielectric constant insulating
| ayer over said first low dielectric constant insulating layer wth a

second vi a f or geebond ifbulatingilayes edtiglsdcond dietdcatd ¢dnstanplasten thiani /18 praideady
| ayer and extending to said first via. 45. A subtractive netallization

Struct ure Qi 3id fifg GRAMHHEOhyS&URSE REéhd HRITBFst Shetitind! la%r&@%irfg éaj\;{asre of

insulating layer with a diel gcfrl c constant |lower than that of silicon
oxi de proytdad, Q¥ Limtifk &S TR i Gh SlessiD bl inres.
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 seclected 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 SILK.

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 NANOGLASS.



at |east a second insulating layer wwth a dielectric constant |ower than
that of silicon oxide |located in contact with said first insulating | ayer;
and 28 February 2005 29' at least a third insulating | ayer | ocated over
said second insulating |ayer, said first, second, and thirﬁs?ﬁ&%k ot

| ayers being capable of withstanding simlar stress |evel s and processing
tenperatures. 46. The subtractive netallization structure of claim45
further conprising at |east one via fortfed within each of said first,
second and third insEIating |.ayers. 47, Th?p ubtractjve netal.lizatiqn

structure of cPhi m 28¢ IpRERed CEcyit stpcture of efaimedl, Wheeig Gt ipsdating

mat eri al . )
layer has a thickness of about 2,000 to 15,000 Angstroms.

38.  The integrated circuit structure of claim 31, here 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.



48. A subtractive nmetallization structure conprising: a SILK insulating
| ayer over a substrate; a first conductive material located in a first
opening formed within said SILK insulating |ayer; a NANOGASS insul ating

| ayer in contact with said SILK insulating |ayer; and a segﬁg @%%I ve
material |located in a second opening formed within said NA B\ | ayer,

sai d second opening extending to said first conductive material. 49. The
subtractive netallization structure of claima48, wherein said SILK

i nsul ating | ayer has a thickness of about 28, 000 to 15,000 Angstrons. 28
February 2005 30

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 layer with a
first via formed within said first low dielectric constant insulating layer, and a second low
dielectric constant 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 with a dielectric constant lower than that of

silicon oxide located in contact with said first insulating layer; and



50. The subtractive netallization structure of claim48, wherein said
NANOGLASS i nsul ating | ayer has a thickness of about 2,000 to 15,000
Angst rons.
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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.



