WO 03/ 085724 PCT/ US03/ 09700 TRI-LAYER MASKI NG ARCHI TECTURE FOR PATTERNI NG
DUAL DAMASCENE | NTERCONNECTS Field of the Invention 5 The present

i nvent i orwpaBasw34 t o net hods and structures for the fabri eawiuses/ef700

mul tilevel interconnects in integrated circuits, and nore particularly to
har dmask structure and processes for dual damascene integration.
Background of the Invention 10 An integrated circuit device contains
transi stors connected by nmultiple levels of netal interconnects. These
metal interconnects él i nes or ?I u(gszI are sijpar ated from each ot her by

i nt er | ay éRI%AYBRMASKINGARCHITECTUREF QR &y FTREINING st A4 Mg Seathds i al
between metal interconnects. THRTERGEPNNECdSconnects are found in |ines or
trenches that within a | ayer are separated fromeach other by the ILD.

Thi s | ayBeld of thohwenties referred to as the trench 15 layer. I n addition,

metal lines in adjacent trench |ayer e _separate La |layers that
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integrated circuit articles have been nade using SiOx as the interlayer
di el ect rang gro¢eSyes fhiodunl damasgeng integrptned circuit device features have
becone 20 smaller the dielectric, properties of SiOQ, were recognized to
be insufficient to prevent cross-talk and other interference causing

decr easeBadkicfidlof ey Thoéntace. Thus, alternative materials "l ow k"
materials having | ower dielectric constants (less than 3.0) are being
develpoped. Thgféntb@wtedicBbaiE iévice GRARBEARINsITRIrS Cordledted BY muMiplolevelswsd
conpositional categories: those that contain significant anmpunts of
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or gani c idteedomgibcts.Clje. mital inerdonaeqganre doghideindies brsermhes thetrwitlinpriayemtd y wi t h
silicon and, optionall xygen,..in. the backbone, these jnorganic
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backbone,” they may al so have a dmal | anmount  of icon or other I|ike
contain holes or vias filled with conducting metal also in ILD material. This layer is

sometimes referred to as the via layer.

Conventionally, integrated circuit articles have been made using SiOy as the

interlayer dielectric (ILD). However, as integrated circuit device features have become

20 smaller the dielectric properties of SiOx were recognized to be insufficient to prevent
cross-talk and other interference causing decreased circuit performance. Thus, alternative
materials "low-k" materials having lower dielectric constants (less than 3.0) are being

T developed. These low dielectric constant materials fall within two compositional

categories: those that contain significant amounts of silicon forming the backbone of the

25  molecular structure (referred to herein as inorganic dielectrics) and those composed
primarily of carbon forming the backbone of the molecular structure (referred to herein as
organic dielectrics). While inorganic dielectrics are formed primarily with silicon and,
optionally oxygen, in the backbone, these inorganic dielectrics may contain organic
portions. Similarly, while the organic dielectrics contain primarily carbon, and optionally

30  oxygen, in the backbone, they may also have a small amount of silicon or other like



WO 03/ 085724 PCT/ US03/ 09700 nol ecules in the conposition. According to the
above definition, exanples of inorganic |low dielectric constant materials
are sil seaqudogsines, and the |ike. According to the abovePcaafSonigroon,
exanpl es of organic |ow dielectric constant nmaterials, are pol yaryl enes,

i ncludi ng pol yarylene ethers (for exanple, SiLKTMdielectric resins from
The Dow 5 Chem cal Conpany, FlareTM resins from Honeywell) and

benzocycl obut ene based resins (for exanple, CycloteneTMresins from The

Cheni cal (on whi ch i ngl ude. i | i st .
vor eover mOReuRar FtelReEeh oBoli g i The e FUATRIN Llhpe B BBRHTL o
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the via @hemidab@omphiy @lareiMelesiat from Heegmiell) awt benxatyeldbatene hasedapghy ed,

vias and trenches are forped.in these layers by removing the dielectric
mat eri al _(ff’be}Faé‘FF_PJf%tq?Dé’?‘H%%‘?Tr SEFIRA frong etqoé%gherﬁla%‘lc é?’??}’arﬁ'n\ghlf’ﬂglcwﬁ S8 trench
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trenches can be quite conplex using a variety of |ithographic techniques
t hat i ncinigéegpiied craesisspapundislkettiajayess, are being osssl totforihgredise desliclgetsic One
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recogni zed t hat bﬁmsel ecti ng the mddle dielectric | ayer to be of a
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organic dietectriCs are’used 1's that the etch rates
various etch processes, etc.

One common dual damascene approach uses an etch stop layer between the via

layer dielectric which is applied first to the substrate and the trench layer dielectric to form

20 atrilayer dielectric stack. See for example, U.S. Patent 6,071,809 where an inorganic
dielectric layer is used between two low-k organic dielectric layers. In WO01/18861,
Chung et al., recognized that by selecting the middle dielectric layer to be of a different
class (i.e. organic or inorganic class) from the via and trench level dielectric material, all
the materials in the stack may be low-k dielectrics, thus, lowering the overall effective

25  dielectric constant of the trilayer stack. Chung particularly focuses on a trilayer dielectric
stack that has two inorganic layers separated by an organic layer and teaches use of organic

photoresists over the top inorganic layer to form the patterns in the dielectric stack.

A complication that arises when organic dielectrics are used is that the etch rates

for photoresist and organic dielectrics are very similar. This makes forming the vias and



for photoresist and organic dielectrics are very simlar. This nakes
formng the vias and -2 WO 03/085724 PCT/ US03/ 09700 trenches in such

or gani c dweloawosi’eecs nore conplex. In addition, the abilitycefusohed7oop
portion of the dielectric stack to withstand chem cal mechani cal polishing
(CWP) may becone difficult if that portion is an organic dielectric. Thus,
in the case where the contact and trench dielectric materials are organic,
two inorganic hardnasks are conventionally 5 deposited by chem cal vapor
deposi tion . of the tri-layer di eI tr ic to faciljtate the
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by spin coating.as i s nost. conmon f.or or ani c e rlcs t he addi tion
of b e tsagRd ot BN el AT 2N Ot B B EBIRK LS Cmisanerys and
linitss  ddpbsiudmigibhemicdl Vibh dBSEsIRS & th3 oFRCANRRS JREEIrid RLABGEAIY Wi th
Lowk Di a?ectrru?%m. IMGOI%{)SI atI{t@e\?y) l,soPr gc Qﬁ'c Jurrlle 2000, page

261- 263, thq@giéqm@g@r@e@mapr ereamnie dieo, la&bSo%@éH\Tqb cﬁOEa%Q%dwph@gesla’mdhod
rmonol i t %ﬁfo%ﬁegﬁﬁ}ai H&m%&% étﬂlctﬂres Mtgqayzgtdlqléct?f ﬁf] pu[% g oL 4l h 15 wll be

f or med. d requirres rigorous cont asnma etch conditions

SO as tlerdmaskicditposedodfalviD stlidohaseleand VD efliebn hitadd. Vlbtathe esnthditaadt he
| ayer belnge hed. Presuming,. the ability to maintain this etch
mor phol J&RA: cHRfiGre amlied @Wépwm%g fssis moshegsmaop forgsganie diglesiriss thee

Procgss eﬁﬂmneaf'é\yb B%’o&%%hﬁs ﬁ“h frngr&of?gtruEHSh £l I]iﬁéxgg ;gﬂkllvg zﬁﬁqﬁ'ﬁ ng the

overal | capacitance e dle ectrf’c constructio n on etc st ops
and har dhasigbptiave been taught (see for exanple, U.S. Pat . 6,265,319
and U.S. Pat. No. 6,218,078) in sinple single | ayer masking systems

Sunmary of "Al#igh Redoianoe A mmaiippehBEOLI Techntlegy withilwpt-k DidectiefiRent mask

system and | d s¢en 5 ni n for rmoll hic or tri-Ilayer
i ol ect OBl ER B FSHomr G RS PDib 26T a8 Gesepent Brelclamtesoi ¢y whi | o
taki ng idpberaek 2 \patterny HASThR1ic dffecdichi@ligl idSRAs bdtRMhe VB RAPHeddhOr
exanpl e, spin coating) for applying the dielectric material and the masking
15 will be formed. This method requires rigorous control of the plasma etch conditions so as
to maintain a planar surface as the etch-front advances into the layer being etched.
Presuming, the ability to maintain this etch morphology, the monolithic dielectric is
capable of both reducing the process complexity by the elimination of the etch stop while
reducing the overall capacitance in the dielectric construction.
20 Spin on etch stops and hardmasks have been taught (see for example, U.S. Pat. No.

6,265,319 and U.S. Pat. No. 6,218,078) in simple single layer masking systems.

Summary of the Invention

Applicants have invented a simple, convenient mask system and dual damascene
25  patterning method for monolithic or tri-layer dielectric stacks that would provide the
necessary etch selectivity while taking into account the desire to use a single deposition
method (for example, spin coating) for applying the dielectric material and the masking
material and the use of dielectric materials that may be susceptible to damage during CMP

steps (for example, organic dielectrics and porous dielectrics). This system has the



material and the use of dielectric materials that nmay be susceptible to
damage during CMP steps (for exanple, organic dielectrics and porous

di el ect r iwe)03/083126 system has the -3 WO 03/ 085724 PCT/ USOBCTAB0D09700
additional benefit that, if desired, it can be used to m nim ze the nunber
of distinct raw materials that are used in nmaking the netal interconnect
structure in the mcroelectronic device. Thus, according to a first

enbodi ment, the invention is an article conprising 5 a) a substrate b) on
t he substrate a dielectric stack nprjising. a tqp portion having

di el ect raddit @aﬁlsheaﬁﬁt that, felegiredy Hisan be useéi)toammml@@ thegiber gbdistaicd raW he
di el ect
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chemi cal ani c stem es| renove copper
and whi clevicer st | ayer has etch sel ect|V|ty reI atlve to the top portion of

the dielectric stack, d) a second nmask | ayer over the first mask | ayer,

whi ch second Thask atayding thafirsé timhodialeat; thevinvgntionlinsn aicleaonipeisinigr st nmask

| ayer and has etch characteristics simlar to those of the top portion of

the dielectric stagl,substchtel5 e) a third mask | ayer over the second nask

| ayer, which third mask | ayer has etch selectivity relative to the second

mask | ayer and hasb)enche subsit@etedicletiricstack icompeising a téphsionfthayving o i r st mask

| ayer. Accord t.0o a seco e iment, this invention is a nethod of
form ng trenc‘iﬂggml‘éﬁﬂns\ﬁnégpgﬁﬁfgba‘agé)b ectric stack conprising the steps of 20

(a) providing a s ate; the dielectric stack to.the
substrate wherein "Sﬁ 1r§t|1%qsgé@fer Bg‘grt é’@l&gel Ftﬁ%g’ﬁ’é‘ktﬁé ﬁt‘ﬁﬁ ¥ n which

trenches willc08af1Qb RRA AW ReRRlal SRRl 96&1§h§hg"®‘st%ﬂl wiicREs Msldne& fOr med
and an etch stop |ayer between the top and bottom portions wherein the

di eligctric canmt)mcowbr aulchhich firdtdayteo pagxich sadeetiamy reldievelsothedop porticnon i s
Iessthan30 Qf 9i{ylessthan 2.7,
the diBleCtric'sfd

d) a second mask layer over the first mask layer, which second mask layer
has etch selectivity relative to the first mask layer and has etch characteristics

similar to those of the top portion of the dielectric stack, and

15 e) a third mask layer over the second mask layer, which third mask layer
has etch selectivity relative to the second mask layer and has etch characteristics

similar to those of the first mask layer.

According to a second embodiment, this invention is a method of forming trenches

and vias in a dielectric stack comprising the steps of
20 (a) providing a substrate;

(b) applying the dielectric stack to the substrate wherein the dielectric stack
comprises a top portion in which trenches will be formed and a bottom portion in which
vias will be formed and an etch stop layer between the top and bottom portions wherein the
dielectric constant of each of the top portion and the bottom portion is less than 3.0,

25  preferably less than 2.7;



-4 WD 03/085724 PCT/ US03/ 09700 (c) applying a first mask | ayer which acts
as a stop during the polishing step and which has etch selectivity relative
to the towopansi7an of the dielectric stack and has etch elansoyea7netics
simlar to those of the etch stop |ayer; (d) applying a second mask | ayer
whi ch has etch selectivity relative to the 5 first mask | ayer and has etch
characteristics simlar to those of the top portion of the dielectric
stack; (e) applying a third mask | ayer which has etch selectivity relative

to the second mask, | ayer a having eteh.characteri sti it t hose
for the first Iayedé), am%m%ﬁgﬂgr“ﬁarské%teﬁg qhyas ,a%saeS%; n%hg%ﬁ@hﬂ r%asg% | ayers
i n accorganagcihdseién seldtit e riRab tertop pedtiopalftiss ditlkegtrichack tndhatach | ayer
with a via pattern (h) etching the trench pattern into the top portion of

t he di el@mapteds@@smnll@rdoth@ﬁm%ateqt@bﬁfep et rench and the via pattern into
the bottom portion of the dielectric stack to forn1at,Leasi,one ia, 15
(i) depositing a nd)applyimgmarsecandamaskayer méveinas etoh spleghyitste %e&%\gﬁ? excess

|, wher ei he fi K ;L Sel. i shi.ng.: wher ei
eacts 5 Ganershiran e PR Co R ER AR Ry re PR R MG One T

patter ni figle@ficetacker the first mask layer or the etch stop |ayer and
wherein at | east a 20 substantial portion of the second mask |ayer is

removed during et cf@) agploingbhibirdinaklekiye whick hacktch Adeaivity nejati ta théi r d

enbodi nrent a nethod of form ng trenches, and -‘fi as in go tﬂi Fl tric

conpri si segonchaask laper ase hewing skeharagigristics satiardp dhose £or thy 1§§%W§%’ng t he
dielectric layer to the substrate V\hergjia{]ﬂ%ge %ml ectric | %rt}ar .ﬁlorrprises a
top portion in whidhpatiearagthe figst pecgad 1 %Yes%ﬂa&ﬁ?rg FiBH ¥ n whi ch
"5 10 trench pattern

(¢) patterning the etch stop layer with a via pattern

(h) etching the trench pattern into the top portion of the dielectric stack to
form at least one trench and the via pattern into the bottom portion of the dielectric stack to

form at least one via,
15 (i) depositing a metal in the vias and trenches,
(j) polishing away excess metal wherein the first mask layer serves as a
polishing stop,
wherein at least a substantial portion of the third mask layer is removed during
patterning of either the first mask layer or the etch stop layer and wherein at least a

20  substantial portion of the second mask layer is removed during etching of the dielectric

stack.

According to a third embodiment a method of forming trenches and vias in a

dielectric comprising the steps of
(a) providing a substrate;

25 (b) applying the dielectric layer to the substrate wherein the dielectric layer

comprises a top portion in which trenches will be formed and a bottom portion in which



WO 03/ 085724 PCT/ US03/ 09700 vias will be forned and wherein the dielectric
constant of the layer is less than 3.0, preferably less than 2.7; (c)

appl yi ng wofoBsi72z4rask | ayer which acts as a stop during tReTasbd/etting step
and which has etch selectivity relative to the dielectric layer; 5 (d)
appl ying a second mask | ayer which has etch selectivity relative to the
first mask layer; (e) applying a third mask | ayer which has etch
selectivity relative to the second nask |ayer and which has etch
character,isti imlar,to those .0 he fi atterning

t he secoft® ‘S(HEET fﬂminﬁ %%WBF%%&S dfelecg{é%%oﬂla{gﬁé%{@mg F’H’ EIg])"étq ésg r%}(q:%n)%g’t tern 10
(9) pattl%ﬂira{}gylejggthfahasﬁ; mask | ayer in accordance with a via pattern, (h)
etching the via pattern a portion of the way into the dielectric layer, (i)

patterning the)hpdlstne AEEk thakahyd: WiAGCadancaopitdng the pblistehstpaitidern made
in the second and tﬁi rd mask layers, and_ sinultaneously renoving a

subst ant which pes etcl selestivitigelativs todherdisleciripjayer; 15 (j) continue the etch of
the dielectric layer thereby formng at |least one via in the bottom
portison of t hal)dbelyiserrseeondaneask layar Whielhhasgt sejestyity @r‘n@l‘{ert‘éﬂ}?rfuﬁh the top

portion ]%g}e,di electric layer, (k) wherein the third mask | ayer is

of
substantlingflﬁ Fermoved duri ng patterning of either the first mask |ayer or

e ed aor P kiR AP BlaSk Tybl SnBR B RAkd AYSelalife ol SEBRL BTN T2 1Y

renoved durin ric stac epositing a nmetal in
t he vi asmagdiayéendhasich faxletqhadhasdetanigticyeimilexio elsse it thad firstwanski laydrhe fir st
mask | ayer serves as a polishing stop. "Etch characteristics simlar to"

as used herei ﬁ) pReRsng frtsetdirl dndahirdirask Blysrsan accodanet elithc thench petteame
chem stry with etch selectivity that is in the sanme range relative to the

ot hefp mat er i afg phiferhih@ B Askmaklk R e iahbkyordidve sdtinaviapatiésm, wi | | have an etch
selectivity ratio -6 WO 03/085724 PCT/ US03/ 09700

(h) etching the via pattern a portion of the way into the dielectric layer,

(i) patterning the first mask layer in accordance with the trench pattern made in the
second and third mask layers and simultaneously removing a substantial portion of the

third mask layer,

15 (j) continue the etch of the dielectric layer thereby forming at least one via in the
bottom portion of the dielectric layer and forming at least one trench in the top portion of

the dielectric layer,

(k) wherein the third mask layer is substantially removed during patterning of
either the first mask layer or the etch stop layer and wherein the second mask layer is

20  substantially removed during etching of the dielectric stack
() depositing a metal in the vias and trenches,

(m) polishing away excess metal wherein the first mask layer serves as a polishing
stop.
"Etch characteristics similar to" as used herein means that the two materials are

25  etched by the same chemistry with etch selectivity that is in the same range relative to the

other materials in the stack. Preferably, these materials will have an etch selectivity ratio



relative to one another of less than 5:1, preferably less than 3:1, nore
preferably less than 2:1. "Etch selectivity" as used herein neans that the
first andweasossti24materials will etch at sufficiently difPeramsp3/oedes when
subj ected to an etch chem stry such that each can be 5 patterned
separately. Preferably, when | ayers are stated herein to have etch
selectivity relative to another material the |ayers have etch selectivity
rati os of greater than 5:1, nore preferably greater t han about 7:1 and
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etched dj.yided by the rate at which a second materlal is etched. 10 Bri ef
Descrlptlon of the Drawings Fig. 1 is a schematic (not to scale) of one

exenpl ary embagimentctRity® B Ssell 'Pl\él%'ﬂ{ hefns thavh® grsd afdi§dceald plathiaBtwifl dicyer .
Fig. 2 is a schematic (hot to scale) of one exemplary enbodi nent of this

i nventi oat sufﬁwamlg differeniotates when dikipesed to an qtelyehemigisy frel that epch candehenat i ¢

| e I f
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scheme Ur%leﬁhge tdEnotidrirhatbgal B eV s hdve dttlyselextivity aatis o geeatet tHandt 1,torscal e)

of an exenplary integration schenme using a_ 20 tp t od flg%blne polish stop

| ayer aneicEerahly geagtes @9%718%}3105@%&3@15(%”83% ot to scale) of
an exenplary integratjion schene usr ng a efl n?ﬁ%. oI i Sh stop I ayer
and a ronol i t Hiteh sgleqtivaty rateo"|ag yegd h qr?lﬁme?ln? %F Aptredeicd

exeml ar yy iyl L LAYl S SURYUEGAOT b Bl &%Y%ﬁidh%rbec&ﬁ"rhé‘@nﬂ% AU

trench | ev rlcs scrlptlon of the Invention -7 WO

03/0 572 / ed herein a via nmeans a hole in which a
met af’ f%—esléﬁ' b8 o r1§d The depth of the via is limted by the
t hi ckness of Figel & £bchematic (doayescale) ofibnatketipdary iembodiment of this invention

having a buried etch stop layer.

Fig. 2 is a schematic (not to scale) of one exemplary embodiment of this invention

having a monolithic dielectric layer.

15 Fig. 3 is a schematic (not to scale) of an exemplary integration scheme using the

article of Fig. 1.

Fig. 4 is a schematic (not to scale) of an exemplary integration scheme using the

article of Fig. 1.

Fig. 5 is a schematic (not to scale) of an exemplary integration scheme using a

20  photodefinable polish stop layer and a buried etch stop layer.

Fig. 6 is a schematic (not to scale) of an exemplary integration scheme using a

photodefinable polish stop layer and a monolithic dielectric layer.

Fig. 7 is a photomicrograph of an exemplary multilayer structure of this invention

having porous via and trench level dielectrics.

25  Detailed Description of the Invention




formed. The length and width of the via are of the same order of nagnitude.
As used herein a trench neans a channel in which a netal interconnect |ine
is 5 formw0.o3082¢lept h of the trench is |imted by the thPCHASsy0whHo t he
dielectric layer in which the trench is formed. The length of the trench
is large relative to the width of the trench. The substrates 105 useful in
this invention include any known substrate on which one nay desire to form
a nmetal interconnect structure. Particularly preferred substrates are

substrates that c ri.,.se transi stors ich gne desires, tQ connect a
met al interco&%@?ﬁ%gﬁm%?WHﬁpﬁFﬁalW néYlagﬁgwgﬁH“ﬁ@Pﬁ%ﬁtBWgﬂ OEMEGvent i on
may be upgdidoth SRASHIAUS linRY bw{eeﬂhldkﬁegs *a)%thera%&e&mb 'H}Pcf ﬁP\QchH

fsﬁé pcture.
Thus, since several interconnect |ayers are frequently desire

subst r atformgd. |Tl@elnegthlangrmdihwﬂlmewemesxfrth@armmlem&rmﬂgmtude l i nes 106 and
contacts 107 to which the subsequent vias and trenches fornmed in the

met hod of t hiAs useddnatdima traindd mbansbshewreh écwhbith almetglioteréongectivess t he

1 cadentiyrer FRowel o Fhehm SRR HHaBeSy e dRESmatt uhn

parti cul e kendhhie foreieal The M@l O6the KesdH @suar%@rél&tﬁve&y Bt widiiof thé trEmt@N a cap
or diffusion layer 110 is used, the nethod of this invention will also

i ncl ude et chimyg dubseuer oshALAM BV s 1ﬁ{réﬂﬁbn 1ﬁ&u&e£@%1bwagu5§iﬁté@{ Whichn the
next | ayer of connecting vias and trenches. 20 Réferring particularly to

Fig. 1, eredenyadesie tofopna mepbiateremmectshieturenRanticudarly pregenred anhsiraics a:q.eoo

havi ng asu%%‘cgﬁés gﬁ%t%g%iag)%se {rgn%l{ﬂn% tg c‘ﬂ' %ﬁresq cgljm F Cltnrelra? mt%%] c():rﬁle

conpri ses om por on erre € con act
di elmctrstmcmrevra dielectric, a mddle portion 130 referred to as the etch
stop or buried hardmask, and a top portion 140 referred to as the trench

dielectric. ZkheHnicleah@®etlod ofslgi ifventidh@ayg batigwitto domtrct siydevayrethe120 and
trench dielectric layer 14Q are. low diel.ectric constant mater.i %I s havi ng
di el ect FPeRLBIFEORREE SBRCHESs SThusavineg sgverald rler@rlamtgareé%%ef%wnﬁy esifRsl e

¢ Iy b
preter ab[h sutRR e WA ?H‘%t i @1? aé}}gs?rﬁ%zoe?iéggﬁcﬁdcﬁvé ﬁ}iﬁ{ e coﬁ?tEf:t's q09' 'y be

por ous. e contact trenc electric layer 140
may -8 \ﬁ@vﬂﬁ¢1036 Eﬂa@eqi(éﬁrt U860 3nd adtihes foemed én tamectiord ofi thisenemtiobwill beist be of
the l%an‘eco%ea . Tn suceil 1n§tar[1é1eesrthg %ﬁ@strg% mngy co pr1secan optional cap or copper

diffusion barrier 110, frequently silicon nitride or silicon carbide, over the surface and

particularly the metal lines 106 existing in the substrate. If such a cap or diffusion layer

110 is used, the method of this invention will also include etching through that layer prior

to depositing the metal in the next layer of connecting vias and trenches.

20 Referring particularly to Fig. 1, according to one embodiment, this invention is an
article 100 having a substrate 105. In this embodiment, the dielectric stack 115 comprises
3 portions: a bottom portion 120 referred to as the contact dielectric or via dielectric, a
middle portion 130 referred to as the etch stop or buried hardmask, and a top portion 140

referred to as the trench dielectric.

25 The materials used for the contact dielectric layer 120 and trench dielectric layer
140 are low dielectric constant materials having dielectric constants of less than 3.0,
preferably less than 2.7, more preferably less than about 2.3. These dielectric layers may
optionally be porous. The contact dielectric layer 120 and trench dielectric layer 140 may



dielectric materials or both being inorganic dielectric materials.
Preferably, both |ayers are organic dielectric materials. Mirre preferably,
t he | ayerwoas®syyes ous organic dielectric materials. The ecthussy/agpod30 is
selected such that it is of the opposite class fromthe 5 dielectric |ayers
120 and 140. Thus, since the dielectric layers are preferably organic, the
etch stop layer is preferably an inorganic material. Preferably, the etch
stop also has a relatively I ow dielectric constant of |ess than about 3.7,

nore pr efb@rtl?ebéa}i} 'mﬁféra%u? st b@kﬁtﬁ%@{fﬂé@aége%léae%oﬁlmeﬁl '&gﬁﬁél on

contains thre ayers: |rst ayer or I sh sto t he second
mask | aydrelemtrlcematmblsfo’r bothib@thg 1aonrgamhehetlentmdmmm1sl Brearaloly, bcmlplaym an® s k
llayer 170. The glol |sh 0 prg% i s selected such %1 %{ is

r esi st anPiABGH Hcgfa ed]iagfréé{ rROLOW ARG P15 CF’r‘fe cheni cal

nmechani c aatdild. Sﬂier@ckpsl’t@&mlstsgl@&teﬂ §uchttlﬂ9ﬂ i€ Blof YhePSppbsit @ sksFHdn@ themet al
deposition. Wiile sonme inorganic dielectric |ayers may thenselves be

resi st andielestiglayerndA9 ead 148 cHawi gage the diekasirirglayrrs awgrelepblieprganic iBh as
porous | n&ﬁ%ﬁ)&% lgqfeqh ér%f lign C%a%f%%?{gﬁgleq)réi’%atbgﬁfe &El?gtg §ﬁ§ lhaTQe pol i sh

stop 150°TS i'sT0 05| SS as the

trench dighteely lotv didlciaio @ohdlarit D€ (S8 tHan abb@ss7,asort bﬁefeﬁabﬂy 18§s@]}1hrﬂ330.. Thus,
since the trench dielectric is preferably organic, the polish stop is

preferably i nahgatisk syskinn a3 yf thid ineentioh doﬁtaﬁx@iﬂﬁie@l@ﬁrsbﬂie Matmaskdayerefl, that
the polish, stop remain as part of the article and not. be renoved fromthe

Sr ticle Beigydonp. theseremd lmsk lpyra op gteh bufer d60mnd ke thirdapaskilayeg gy tope
esi @b' glé:l%lg?aé/ef . pﬂie'p%hﬁgteg aﬁb gﬁ? iebddbat f8n 130 lt%Qréa@vaﬁr% areéaat A vel y

| ow |eI const ant may be e sanme material as

et ch st opt least qmycedj e¢heddiéleetrie stack Tiom bt «:hemwﬁlf mechhbRal plishing peocesnthartcik as s as
the trench.di ric, 140 and of oppos| class to, h st op 150.
Thus. 51 n OIS reroRese e dboThRer o bl sor e Biciielic IEsTTel the
etch buf ﬁ%&ns’eﬁze%@f&sﬂfaﬁf @)rtﬁ@E]Yenﬁ@al%&%ﬂhl%alrﬁi)‘h%hgbrocg_&snﬁ&efshﬁlcﬁtaﬁh buffer

| ayer 25 is renmoved during processing and th | ayer i s not part of the

final ar pbmlue inomgand dicleetrics may be demaged mfthqsmpsoqessp@r The pelishrsiapr ¥58ris .
oveyer . alsh sHEAE LA b D APURRG e orRl Bl atREHid g ARt T o

pr ocess |s [ use ric may

al so be ukedasahe aiohetop30ufThes, sinkce Al thench divgectixpis @B&krabmrgauqfthé pelishane
class as the poI i.sh,stop.150 and the, etch sto% 130. Li ke the etch_ buffer
the top A8 ks preterahly inonganis: i ﬁgall}g since it 1s possible, but not requlred that the polish

stop remain as part of the article and not be removed from the article before application of
the next interconnect layer, it may be desirable that the polish stop, like the etch stop 130
20  have arelatively low dielectric constant. The polish stop may be the same material as the

etch stop or may be different.

The etch buffer 160 is of the same class as the trench dielectric 140 and of opposite
class to the polish stop 150. Thus since the trench dielectric preferably is an organic
material the etch buffer is also preferably an organic material. Since the etch buffer layer

25  is removed during processing and this layer is not part of the final article the dielectric
constant of this layer is unimportant. However, if reduction of the number of materials
used in the fabrication process is important to a user, the same material used as a dielectric
may also be used as an etch buffer. Finally, the top mask 170 is of the same class as the

polish stop 150 and the etch stop 130. Like the etch buffer the top mask is removed during



WO 03/ 085724 PCT/ US03/ 09700 processing and thus the dielectric constant of
this layer is uninportant. However, if reduction of the nunber of

mat eri al swole@837e4 t he fabrication process is inportant toPaTOEes99706 he sane
material used as a polish stop or etch stop nay al so be used as a top nask.
According to an alternative enbodinent, the article of this invention is as
showmn in 5 Fig. 2. In this enbodinent, rather than having a dielectric
stack with two dielectric layers separated by an etch stop, the dielectric

is anmnolithic |ayer .125.. This dielectric materjial  has a dielectric
conat antbrofestiag and 3 the Belegiiie Rarsiaay O i By s Astbprian FoWEFest H abl y | ess

than  2.:34uclibh 9f HRURMUERYS RBteBhB B FinQhe FBFLAMN (Focdd®{AHHoRintA@AuR&! OUS.
Preferably, however, the layer is organic. Mre preferably, the layer is

por ous. thsanzt Meteriglorsed aeapelishfstarher etch siop inaly @lsodwarised adwtopamskas di scussed
above with regard to Fig. 1. Note that in this instance the polish stop
150 and t he tAxgordisk tolatOaltchotivel einbodifnent ¢heoppolsiof ¢his fnvestiafis paslerimins fr om

the dielectyi 25 and. the etch,buffer 10 e k antage tq the

o esant TR DOt e gt b B dEMes i VD B dod oS

appl i ed sbyarhtoe b afetdiBtdi) the disledtas &l Mondlithicahydriese ThyeeRc@icenasmdli ed by
solvent 15 coating followed by dry and preferably cure past the gel

poi nt sdepadipictiigeonstapbeklessythamy ﬁg dRay lasy thap g1 1, eare Brefsebly lass depdent

S0l vent L0RtRALRYRES b Wk PSR AN orbr BRLLRIL, $0ALLDG, BORS DY, SPI N

coati ng “accor Kno 0 using alternating layérs fromthe
two dif ftkes lper is begmags Mbrematferabhl, thelsyat ihporeusn Thd etherganiponers ef thal s whi ch
contain significant anounts of silicon_formng th ckhone of . 20 the

mol ful &FUCE FRay ,Sa’é‘ﬁdls(SIFSQWF‘iaWFé’YIF}hWegangFg' OSh?ﬂ‘? g@“ﬁ‘r PH#8FCcar bon

in the heckheRiRf 150 Bp WAL 170 'RELIIR of R Gofodite ARSI Jf Yol Sfrbmt he
dielectric stack by alternating between chem stries which etch organic

mat er i altke dinlgcieicd @D smnditesetohbefferd®@h i norganic materials. Non-limting
exanpl es of such patterning approaches are as follows: Referring nowto Fig
3, one pref eQneckeyerdmantagsf togle presemt ingyentien isthat kH yley diplgstkicand magk layatser | yi ng

i-1 i el L.C i h f this j|l i h
et aydrtetaerind bY el oidnad o R i hest HyPt it PR vy Raab{' o
mat efsi alcsadipdfolBwed B g@gfif\}ﬁm&tﬁ’eferaedlpeurewﬁ tROL1Poirs kagh BActhé RigeRRSK

material s are inorganic ile the etch buffer material is_ organic. The

or gani ¢ tehdEnaseddymppliepioniod subspeuest sadvemt epaed layymse Mosd prgiginlynii€eri al s may

solvent coating occurs by spin coating according to known methods.

By using alternating layers from the two different classes of materials used herein -
inorganic materials which contain significant amounts of silicon forming the backbone of
20  the molecular structure, and organic materials which comprise primarily carbon in the
‘backbone of the molecular structure - one can easily pattern the dielectric stack by
alternating between chemistries which etch organic materials and chemistries which etch

inorganic materials. Non-limiting examples of such patterning approaches are as follows:

Referring now to Fig 3, one preferred method of patterning the tri-layer mask and
25  underlying tri-layer dielectric is shown. For purposes of this illustration, the tri-layer
dielectric comprises organic trench and via level dielectric materials and an inorganic etch
stop. The polish stop and top mask materials are inorganic while the etch buffer material is

organic. The organic materials may be the same or different. The inorganic materials may
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-10 WO 03/085724 PCT/US03/09700 be the same or different. In Fig. 3a, a
phot oresi st, 180, is applied upon the tri-layer hardmask, and patterned
wi th the woeaoss7pattern, 210, using standard |ithographi c PEX/383/09500 | n
Fig. 3b, the trench pattern is transferred into the top mask 170 using a
fluorine containing plasma. In Fig. 3c, the trench pattern is transferred
into the etch buffer 160 5 using either a reducing or oxidizing plasma.
This same etch chemi stry al so renbves the photoresist. Follow ng the

trench def i ti i st . . . [ har dnmask, a
second agé :t}l%ca nI%% h dﬁﬁ%ﬁb?@?& ?g’ta, P @%e&?{g%@% S?%)P %lg(guf’ (édl%e %%/[\%yﬁrt he vi a
desi gn haidagisistaad gatiened tvithghicapdich pattan] 210 usiag sthdad lithograpdic Sghosube vi a

pattern is_transferre into the polish stop 150 in the tri-|ayer hardmask
using a fi B ?’héL‘?;E?R N3 R 1§Fr§:gqu1;rec£§1tol eécﬁb%ﬁa‘i ijhl‘i‘%n%%ﬁuques step

conpl ete : I Bt i \E] / th the
T s e e L e s A L L

di el est r using 4Bheragedigimmooidizingpdpsore. Thid waiea gtchlchemiiry asoghmeresithe Fi g 3f .

ayst em ¢ BhGORP i dteash ARGgb e tpebre S0 toves® B RS kEader n e o
the etch hﬁﬁd%sll,?a%cdrﬁlr@‘pﬁéaﬁdﬂ%fgfh@to@&%ﬁ, 3800is paféintd, 219f Witk tHehBa Heg@ch 15

pattern into the polish stop 150, as shown in Fig 3g. A final exposure of
t he syst aping standdrd lighogeaphinmrastidengs towndd lid- Ad- phayitepatternis friapsfertete t r ench

pattern i t he. kgl egtri.c i i.nt e _via 120,
and rem)\l/tgé%"Eel'Peo(?lé]%l glﬁp gé?fl%ﬁleffégéyeﬁigrsd%%\g\%hgﬁgéifgmﬂ%}.k iﬂgil@ipg%sﬁﬁbé?%p is the
renoval ghowihi KipiBE. Dhissteprecohpyedes thd attdrh defnitionid the drifldyes hirdmaslpfasma t o
reveal underlying circuit elenents, or interconnect, structure. Thi s mnethod

20 prepaPed: thhedhiand i Raticrse Ahe WermaHgnde ramierehinisihp fPrdigiceicd et al
deposi t | %'mgaﬂ oxRASEH! @&&g@ﬂhﬂ%@;gh&f\rﬁ & FilgNg. THRb 8lchRRLLEMBydsth¥ia t he
sem conductor is ready for ther  interconnection with additional |ayers
usi ng t hehpoosstiayes38@cEspasuedofdbovstent fo & fleorsnegilasmanatitleis ipnimt gramsfers

dielectri Wit i t t t | i t op, h, buf f d
fop mask ISyEPERTBIAUBETY Yaial. FrRBrs AR oD arR a7 eurer s eg eod , "and
25 the ebatferh IR YIIEE S@E) 180548 shb®RA iNVPLY 3k, be fineMé&ipsaide bF Bk iemabove
accordi nglﬁ/. Optionally, the top mask | ayer 170 may be phot opatternabl e,

pr ef er abPifhg@aioxidieing poreducing plasmelirapsfers thevsenahinaftam iptedhe tapsdidlectriayer 180
woul d n0t149 gnd]%%@?adpaﬁémnltoa{ﬂe%a iﬂf and removes the etch buffer 160, as shown in Fig

3h. The final step is the removal of the thin barrier layer 110 with a modified fluorine
plasma to reveal underlying circuit elements or interconnect structure. This method
20  prepares the system for metal wiring definition using standard metal deposition and
polishing techniques. After the metal pattern inlay, the semiconductor is ready for further
interconnection with additional layers using the procedures described above.
If the system were inorganic dielectrics with an organic etch stop, the polish stop,
etch buffer and top mask layers would be organic, inorganic and organic, respectively and

25  the etch chemistries at each step would be reversed from the above accordingly.

~ Optionally, the top mask layer 170 may be photopatternable, preferably positive
tone, in which case the initial photoresist layer 180 would not be needed. Similarly, the
polish stop layer 150 may optionally be photopatternable, preferably negative tone, in

which case the second photoresist 380 would not be needed.
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polish stop |ayer 150 may optionally be photopatternable, preferably
negative tone, in which case the second photoresist 380 would not be
needed. -WO 0%BO3 085724 PCT/ US03/ 09700 Referring now t oPETJIS030970ne
preferred nmethod to pattern the tri-|layer nask and underlying nonolithic
dielectric stack of Fig. 2 is showm. For purposes of this illustration the
dielectric stack and the etch buffer |ayers are organic and the polish stop
and top mask |ayers are inorganic. The opposite construction (i.e.

inorganic dielectric and_etch buffer 5 with organic, pol.ish stop apnd top
mask) coul d %@W%é nowde Fig. fn opp et WF‘%‘%%&@%@F%‘HV et E’LaS]gﬁ%cﬂ step

from Vm%dér?yiﬁ AloRdifAR] B¥ectriB Stalk lgﬁpf C ﬁ'%%ﬁ{wﬁ@lf%r BRHoRS Jfigs ARRBa®n

different. “The i1 norganic materials y he same or different. In Fig.
4a, a phictdielestriststack @804 thesstchdpyffer dayevsawa otgasict anid-thexyadish Istopdard $& masid

patterned with.the trepch pattern, 210, usi.n standard | i hi c
exposur Za.yefsrlar?i“lj).rg%c,'eﬁ‘?‘f’eo&f’ ec‘f‘fmﬁg‘t“gt@rnﬁéﬁ ! gl‘ggplgﬁgegeél}rg%%m{ %@g&fafﬁeé[ top 10
masks 17QyitkSdrBshia pf)ﬂiél%(bﬂ‘ﬁldqgﬁ btk dRlAIRS BRusddrvilti Ghe offosifeRechichemédirypat t ern
is transferred into the etch buffer 160 using either a reducing_or

oxi di zi ayegshataperonTivhgt isstptedchedov. Brecoranie paigripls hahbs/bs same Obﬁ%fewnési st .
Fol | owi . . flnidi j . r : he

tri-| ayg(rJill e?llgogg%ﬁaggl%&e{ggseﬂ&%’n%é {3?11[@)5 | 8%??15%9%?' gﬁ%%o?&é\g@%) ﬂ%%g% ﬁglcoé&pat t er ned,
214, Wi applidicuponaheleslager hasdmgsks iahptatecheddi wittothe agehélcppteas 2108 cysimes shown i n
Fig. 4d. Wta t he 15 contact tern defined in tcr.e {‘)ahgtior sist, the via
pat t er n Staadard difagesanhiciesnesigecid iggth, dis teangp patespeq 15 tapEerpd QNG OR ar drask
usi a . il . Mic R fré tterhb Bans¥é BRI

cormy et SLisKAZ0 REnEATHAHEL Rohi RS T 1R M Rt dRe b Ban PRl e
trench amd the eich pufferdiofsisingiheronteduting at oxidizingsplagma. dhistsapigretdhal | y

transferyed.into the nonplithic .dielgctri 25, usi.ng. an_gxi di zi ng, or

r educi nﬁ_fl‘ffpﬁtrﬁé‘%oégmgﬁ eplﬁ)q%xiealsﬁ Pﬁq‘Pﬁn@%@:‘? %ﬁmgld}gnﬁ]@%]% YPRETSG cont act
phot or egivs layefy§iTthS8LlayErReEHAR, @kedon@ apyisdabibh bﬁﬁl@otiﬁﬂeM@ﬂ, BSE ippaterEedat this
point renoves the top mask 170, and transfers the trench pattern into the

pol i sh 3dépwith e vig desigowing siardiaey! ligogaphic paacties. e sheven bt Fightd. SY¥h e t o
o 1er SOy R BB S e BRI Rgl a0 o1
in Fig 480 idte tfillapdr hatdepsk asihfe flueriny adntaihirghdadnis, as dhomm iafig dy.efhid10 with
?ntz gr ggg{;?g@ggglﬁe‘:t L 1|9 ng_[e%ll &Szfgﬁti}n? inr t%\é %r?—llayue? ﬂ%ﬁ%‘sﬁ]ﬂ,r %t){hctﬂze E[regéhearg%n\;ig or
patterns. The contact pattern is at least partially transferred into the monolithic dielectric
125 using an oxidizing or reducing plasma, as shown in Fig 4f. This etch also removes the
20  contact photoresist layer 380. Exposure of the system to a fluorine plasma at this point
removes the top mask 170, and transfers the trench pattern into the polish stop 150, as
shown in Fig 4g. A final exposure of the system to either an oxidizing or reducing plasma
transfers the trench pattern and via pattern into the monolithic and removes the etch buffer
160, as shown in Fig 4h. The final step is the removal of the thin barrier layer 110 with a
25  modified fluorine plasma to reveal underlying circuit elements or interconnect structure.
This method prepares the system for metal wiring definition using standard metal
deposition and polishing techniques. After the metal pattern inlay, the semiconductor is
ready for further interconnection with additional layers using the procedures described

above.
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This nmethod prepares the systemfor netal wring definition using standard
nmetal deposition and polishing techniques. After the netal pattern inlay,
the sem cwodaose4is ready for further interconnection wpPCh/tsdgodvonal

| ayers using the procedures described above. -12 WO 03/ 085724

PCT/ US03/ 09700 Optionally, the top mask | ayer 170 may be phot opatternabl e,
preferably positive tone, in which case the initial photoresist |ayer 180
woul d not be needed. Simlarly, the polish stop layer 150 nay optionally

ohot or esr ot SuBAGans MO SR AR X Rb BB b B oo e o T <

shown a ar whish sawtthe iradial phawieist 1dyet B8O @bila $obibe n@ABEAS B 1y Ofhe tHdBsh

invention using a tri-layer dielectric and a tri-layer hardnask, wherein
the poli &8P i%ysbl%@ay Retiepsly hegkotongiaaable. eorefarebbr rrgativerivneiin mdlich case er
each depgsidt. LJ: ¢ I of the tri-layer hardmask. This
approachﬂl%nn%&g@pggh%%sgfggﬁp%Y%%?&%ﬁg;ég%%%ahabI e polish stop and top nmask

| ayer$ are usBdferigy nputpBiges, théretihislowinl d s1oss-seictionnl di@rdnh @histratidgagner
dielectric c(flggri S E or%ar_li c trench, and_ via | evgl dielectric materials and
an i nor FRRPCMERLef 1Rt ByTukion yeig 3 B1-layer diglspirigsad @ 4-laves a i ElleEeiRy e

| nor gani geWalisiestb ﬁn@ﬂfého;g Riabit Fa?eﬁ%}@ﬁét@fnehqnﬁfeﬁga@ﬂg taﬁbggéagg aéRgiaw to Fig.

5, cross sectional schenutics of the = system onstruct and
patt ern f¥éngthe conpjmetiomelthe iritlayerbariyiasky This apragerh may bé emtvenientii§ shown.

On a sub ri.Si a first vel device.contact or .15, )

i nter conﬁ%dé |eglr1118%l§?) P g%}%}g%a@b irflefskjg?y@ﬁ %rgluﬁ?deaf on RPPses of AT Husttion. o

di f f usi othe alayee didletriPsafyaised bipanic RIS hAd wiglevel Hield@icaANstelials hnd4ief er abl y
a spin-on polynmer. Atri-layer. dielectric, consisting of the via

di el ect r inereaniy etehysop piadhthe pefish ssop anghigp prask mepierial e dnoreenia while theraschappl i ed
by sequ kal [t r via spi i . CUl, The

pat  ornod e mAGRAS: Skl REFREALHN 1R, S BB SRl B B cnc

patt er n, sy8@&, tiRrmtthodid yonstrhctsand attery dite trislagadl asktandamtiedyiandi-pset er ned

usi ng standard.l it hographi ¢ and dry .etchin techni ques and nost preferably
by dir ec‘?le\%stpﬁd? %m"gﬁ Og‘fa ?ilcbﬁﬁ’ﬁ%}‘? 8%@%’%?”% Qgrigﬁé?‘feg&?lvé@ POMACEAr stop 750

mat e1§ al inicASorBBaNh patefr, § CuoB B bAEN AV IbimcOPnissCgRRSbh BfkricPliel erabl y

by solvent coating, above the patterned EOl Ish stop , as shown in Fig.
5b. The paferalnaVD silicon nitride and most preferably a spin-on polymer. A tri-layer

dielectric, consisting of the via dielectric 120, the etch stop 130, and the top dielectric 140,

are applied by sequential deposition, preferably via spin coating, and cure. The patterned
polish stop 750 is deposited and patterned with the trench pattern, 808. Preferably, this
20 layer is solvent coated and patterned using standard lithographic and dry etching
techniques and most preferably by direct irradiation of a photosensitive patterned polish
stop 750 material, as shown in Fig. 5a. The etch buffer 160 is deposited, preferably by
solvent coating, above the patterned polish stop 750, as shown in Fig. 5b. The patterned
top mask 770 is subsequently applied and patterned with the via pattern, 812. Preferably
25 this layer is solvent coated and patterned using standard lithographic and etch processes
and most preferably by direct irradiation of a photosensitive top mask 770 material, as
shown in Fig. Sc. The wafer is placed into a reactive ion etching tool, and the via pattern
is transferred first into the etch buffer 160 and top dielectric 140 layers by etching with an

oxidizing or reducing plasma, as shown in Fig. 5d. In Fig. 5e, the via pattern is transferred
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top mask 770 is subsequently applied and patterned with the via pattern,
812. Preferably 25 this layer is solvent coated and patterned using

st andar d wptohogg7aphi ¢ and etch processes and nost prefer @olTyUuSby oo ect
irradiation of a photosensitive top mask 770 material, as shown in Fig.
5c. The wafer is placed into a reactive ion etching tool, and the via
pattern is transferred first into the etch buffer 160 and top dielectric
140 | ayers by etching with an oxidizing or reducing plasnma, as shown in

Fig. 5d. In Fi 5e, e via pattern i.s transferred -13 03/ 085724

Pt US0arSotth s 430 e el G § Mot e (PrEEnE AlyStHe: Ahis PRI

cont ai NiyfigoAsardBattetitidSos hialk FYERA BhAQRxpbKADYEHe R ® EitHen 86l okidRzin@SK 770.
A final exposure of the systemto either an oxidizing or reducing plasm

t r ansf erog redveingrmiasoia trpasteey the imanch patsm o thie sopedicleritic 140 aadtha vie vi a

[ A h i.a diel ' h_buf ,
Chown | #opg P g il elE 150 Fud oo R ibd GRDYERer 288, ReEOnRIL K 58 o7 e

110 wi t IThe fimaditép Bdhd tenvianes th @8R Barricd ldyerEdl withn 8 erddyfistofhwirine wildsnel enent s
or interconnect structure. This nethod prepares the. systemfor netal
wiring defsverkundarlyiag sicwt elamsniy omitecoresbdiuctusn Thiamphod §rapatss the

techni g e. . pat il } 3 is ready for
further lé??ﬁ%@&%%r%tﬁie%ﬁﬁ&%tﬁﬁa&é g{gﬁtéé{rglgfy xpgt%f;c?eg %%glb fril gﬂ?ggﬁ%@& edur es

descr i beethahmes Afid thef metabpattesd mawwressemiamdeaciocis déagly efot further wi t h an
organi c .etch staop, t.@e HDJ i S stoB,. tch beaffer an.% %olg mask | ayers woul d
be or gakiEICopRRsig Niith adftiogpldaysrs using Bedwpseduies dgsrgibed AROVEL ch chenmi stri es
at qgch st ep jpplsdsba W lopehid SieRLE1S vARQY raaeCstdh BBbYihe BSAGH fidg1g now to
Fig. 6, there is Shown a cross-sectional diagramillustrating an

enbodi meteh toiffer hed opwesskilayeruspuld be omganid, indiganicians eeanic.cespedtively pnd | ayer

har dmas 15 wherein th aolish stop and,the 1op nask | ayers are patterned
i mredi a’tﬁzﬁ ?cg?]?eé?mgg%ﬁt e&glbgtgpt\yo hds%%vﬁrée ce)mctoens TaE ?ogﬁ%g{y.t he tri-Iayer

har dmask. Jhis.appro be. convenient if t odef inabl.e polish stop
and top ma%ﬁfefr o g)rc@glrgélaﬁre Fot  ptrpdees™® tfor{éﬂglggmln} flyg ‘Luglgia%n, t he

monol i t Ribodingdr@ 6f the Gn @R USIAS a MigRIIEe dieRkeiktant @ tiEb @ rihatdnaskd t he polish
stop and top mask materials are inorganic while the etch buffer material is

or gdhi c Whereia theepoligh stop and thedpp mask fryews are paffermedveimediaiely elieffclct or
T o SO MBI A 1 Ebnfsﬁu%nsdffgfl%ﬁgﬁ RRGDAK TH QpbdaliPhilf e THI S

diffusmnﬁiszgirrler preter Icon nitri
convenient if photodefinable polish stop and top mask layers are used. For purposes of this

illustration, the monolithic dielectric comprises organic dielectric materials and the polish
stop and top mask materials are inorganic while the etch buffer material is organic. On a
20  substrate comprising a first level device contact or interconnection pattern, a Cu diffusion
barrier 110 is formed. This Cu diffusion barrier is preferably a CVD silicon nitride and
most preferably a spin-on polymer. A monolithic dielectric, (MD) 128, is applied,
preferably by solvent coating with subsequent cure. As shown in Fig. 6a, the patterned
polish stop 750 is deposited and patterned with the trench pattern, 808. Preferably, this
25  layer is solvent coated and patterned using standard lithographic and dry etching
techniques and most preferably by direct irradiation of a photosensitive patterned polish
stop 750 material. The etch buffer 160 is deposited, preferably by solvent coating, above
the patterned polish stop 750, as shown in Fig. 6b. The patterned top mask 770 is
subsequently applied and patterned with the via pattern, 812. Preferably this layer is
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nost preferably a spin-on polynmer. A nonolithic dielectric, (MD) 125, is
applied, preferably by solvent coating with subsequent cure. As shown in
Fig. 6a, wbaspsieerned polish stop 750 is deposited and paTtisesiedon t h t he
trench pattern, 808. Preferably, this 25 |ayer is solvent coated and
patterned using standard |ithographic and dry etching techniques and nost
preferably by direct irradiation of a photosensitive patterned polish stop
750 material. The etch buffer 160 is deposited, preferably by sol vent

t , b th tt | t 7 h F 6b. Th
pat t er negEahcopten2gtpBed il sl PSR S b erAaa Hash t he vi a
patt ern,,&kdbl Jpﬁﬁaﬁéé@lﬁlré/duitmn%f |a%€fosér%1t1ve]t§p WQSIQ%@%&%&I E@Ho'v@pl:ﬁ/ 199700

sol vent coate atterned using standard |ithographic and etch processes
and nostéc. pFlag wa&bi%plwddntp@dﬂﬂtmladmdaﬂlwm jeitteen qshtanﬁsﬁeéﬁtsv?mommtcdnsk 770

mat eri al | E tool, and
The vt o o 10 e it Ny 185 e PEpctfBltictfule B256y ibBe Dl tna & non
part SWa)bxiidiilethﬁedﬁ&m@pldshiaCasth@{VQQﬁ Fig 6423 Pig. 68, qm ﬁhﬂtemddho@ﬁlaﬁ{ @70 di zi ng
or reducing plasma, as shown in Fig. 6d. In Fig. t he patterned top mask

770 i s i Egmaed With ;{lworine coptaiing sraarﬁxﬁ@almxa@we Oﬁ\th@ iSHgem g pitkieB of the
t t h
oot o iR Aen @l A LRSI EARR Bideh Boenh

r enoves rérolighic dicbeckice125] 23hd reasovah theretdhrbufieg 185,. as Thewd imil 6f STlepfinad t he
removal

r eveal %PL}F. t%gﬂb‘&r‘*ﬁ%ﬁ%gﬁ%@%ﬁ%gl%ﬁm@E@%wﬁ'gﬁgnéé 0(%%? | a ma to

met hgd RLABAYIRS chrbift Q¥BEATLE Rl’fercdlﬁﬂeé‘ﬂ stdfefuk O arnsleh bmbd | bﬂeBax‘é§ k&%y%ﬁ%?r d
nmetal deposition and polishing techniques. After the tal pattern inlay,

t he semmmldmmgrdeﬁaltnoaazdrylgfstandardmdtdrdepmmmmmdlshmg tmlmiquas:lmftqr dheal

| ayers usi ocedur es d rlbed v, Wen porous di. tric layers
o bei HoLR o BleE PE SRR MR o7 el B epor e PBAHIEn S Filfon 1 g
and, if |afcrehsigt eRipacted@ict ekribed sbweor after metal lization. However, to
ensure |l evel surfaces for application of the mask systenms it is Eref erabl e

to formthe pYhesporgns dielegisislaveat arehepg used theporesapay hstformed eithsr hefermask
L T e
it is preafweied] surficed foe apslicat@nofithd mmak ky dtayeit $s frefesablewt form shegporehat t he
after application of at least one of the top hardmask materials. Thus, for porous dielectric
systems which are formed by removal of a thermally labile poragen material from a matrix
dielectric material, it is preferred that the poragen and mask layers be selected such that the
20  poragen or the thermally labile decomposition products of the poragen can diffuse through
the hard mask(s). Preferably, in that instance the hardmaks layer(s) have a density of less
than 1.5 grams/cm’.
If the system were inorganic dielectrics with an organic etch stop, the polish stop,
etch buffer and top mask layers would be organic, inorganic and organic, respectively and
25  the etch chemistries at each step would be reversed from the above accordingly.
While any known dielectric material with the requisite dielectric constant may be
used in this invention, organic dielectrics, particularly polyarylenes, are preferred. The
most preferred dielectric materials comprise an organic polymer which is the reaction

product of monomers having dienophile groups and diene groups that react by Diels Alder
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20 poragen or the thermally | abile deconposition products of the poragen
can diffuse through the hard mask(s). Preferably, in that instance the

har dmaks weyengs24 have a density of less than 1.5 grans/ ®c@/USh/o47be system
were inorganic dielectrics with an organic etch stop, the polish stop,

etch buffer and top mask | ayers woul d be organic, inorganic and organic,
respectively and 25 the etch chem stries at each step would be reversed
fromthe above accordi ngl y Wil e any known dielectric material with the
requi site dielectric con used i.n this.invention, organjc

di el ect FFACEOR ‘i‘rflf"&lﬁﬂéi’? fﬁﬂtg}fg?ﬁ}?g glelsa?rr%ﬂ}?r“%f’ve’r“ih&fe amﬂﬁ?foq%ﬁaf erred
di el ect iy JiBets &h&rﬁﬁﬁ%b&ﬁeﬂﬂd@ﬁcﬁﬁ%&tﬁﬁ&yﬁ@ﬁ SMNaGRetyRent (rticdaTy On
product of nonomers having di enophile groups andp di ene groups that react by
Di el s Alptienyl aq@ym)cfamwmgromnmse@x oeTO0f the ezmomsns neegsserikydiaze ply

A S R A S T R R e e T

(parsicyigrly phenyl acetylene) functional groups. At |east sonme of the
nononers necessarily have at |east three functional groups in order to
have the desilf @Holenddislectrinapaigriphis pesineq themetpie matprgl or @affq diglectiie a por ous

di el ect rﬂlaﬁex‘@%ﬁ"y'b% ohibi %Svlflrﬂﬁgg&gg r{rg}é’féx)éblgaaftgéﬁﬁllyq%lréﬂﬁ)??ék Eﬁalf)liefe

mat eri al oI ne
por agen.of E)eempcbxegen mhtehblssmlpdﬁm@en bma:tched atas, lypetbuatehed, mlemnucbamhc hed,

star, hyperbranched, dendritic, | i nked ol.i goners or..pol.yners.
e pr o dalRbs et G, T resibesd porasmoPoliE e el
nanqpar tdofngSic nhhl a?ﬁél@gefhe ﬁﬁ&géﬁn%t ohalll,Ss ERERICER) bonde@isie niaerix he matri X

rraterlal for exanple, by inclusion of a reactive functionality which wll
bond t o mdterialfat examplGUivtintlision hﬁmeattnvee&lnetmnallt}ewlp@h ogBhonkisdhel i n part

upon the ria I ted Pr fer t he .por oge onpose at

t enper at‘%"’grg ?Wtﬁ%ﬁee&} 886%% gkbe d%p‘tﬂb tupgaé% ﬁxlx?@‘ %gqc hem stries
i ncl ude spRbtygt Ffe?éi@tﬁysﬂﬁé BoRgeROdtEpbRNE téthisbriiated i thekangeifpbaias0ene;

pol yacrylonitriles, polyethylene oxides, po ypropglene oxi des,

pol yet hyo ebreg 40¢761. y$latablecsharm&1bs¢s 1pdu¢ep¢1¢s¢mess susblay pelystyteae pohpely-o.-
Bg: gﬁg gg%&%@g I‘GBg,lo gl’ll leSa tp%IS}f'ethglPen %g:({ 6|S apto?yprolpy?er}/ bOL)liti C%“ enes,

polyethylenes, polylactlc acids, polysiloxanes, polycaprolactones, polyurethanes,

polymethacrylates, polyacrylates, polybutadienes, polyisoprenes, polyamides,
polytetrahydrofurans, polyvinyl chlorides, polyacetals, amine-capped alkylene oxides, poly
lactides, polylactates, polypropyleneoxides, and ethylene glycol/poly(caprolactones).

20 Since the etch stop and, optionally, the polish stop layers may remain with the
device, low dielectric constants are desired for these materials as well. Since the preferred
dielectric materials are organic, the preferred etch stop and polish stop materials are
inorganic. Preferred inorganic materials are cross-linked organosiloxanes. The
organosiloxane preferably is formed from the hydrolyzed or partially hydrolyzed reaction

25  products of substituted alkoxysilanes or substituted acyloxysilanes.

Hydrolysis of alkoxy or acyloxysilanes produces a mixture of nonhydrolyzed,
partially hydrolyzed, fully hydrolyzed and oligomerized alkoxy silanes or acyloxysilanes.
Oligomerization occurs when a hydrolyzed or partially hydrolyzed alkoxysilane or

acyloxysilane reacts with another alkoxysilane or acyloxysilane to produce water, alcohol
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pol yt et rahydr of urans, pol yvinyl chlorides, polyacetals, am ne-capped
al kyl ene oxi des, poly |actides, polylactates, polypropyl eneoxi des, and
et hyl ene wbyaswo837pol y( capr ol act ones). 20 Since the etch st®@pTarsd3/09700
optionally, the polish stop layers may remain with the device, |ow
dielectric constants are desired for these materials as well. Since the
preferred dielectric materials are organic, the preferred etch stop and
polish stop materials are inorganic. Preferred inorganic naterials are

1ink J ,, f d f
Che hydPORGI @Rl BSmast FaUR) ySpe iy e e RRo Ba Ak ICHa s subst 1t ut ed
al koxys whfd}sgyz&{ S idrdt BEAGA LYY IARRSE hySlo Ol Yl of il lsgwu as

acyl oxysilanes produces a m xture of nonhydrolyzed, ™ parti al drol yzed,
fully h}bdgmhylzmd dihd sabstigsedalkexdormddyboxy sdaneprey t@hyéz@sy}fsmyprelf% y of

a |goner aE%tlo]{;'occurs when a hydrol yzed or partially hydrolyzed

alkoxys acyl oxysil ane reacts with anot her al koxysil ane or

acyl oxysilane to produce water, alcohol -16 WO 03/085724 PCT/ US03/ 09700 or
acid and a Si-OSi bond. As used hereifl, the term "hydrolyzed al koxysil ane"
or "hydrolyzed acyl oxysil ane" encomrpasseoRrany |evel of hydrolysis, partia
or full, as well as oligonerized. Thelsubstituted al koxy or acyl oxy silane
pri o to hydrolysis is preferably of f£ne formula: Z | Y- R Si- OR5 Z
wherein Ris CL-C6 al kylidene, Cl-C6 al kylene, arylene, or a direct bond; Y
i s Cl- CovhatdiyR is %&wmmﬂl-cﬁlmer& anylapnwracarecsbmh YéﬁﬂrCe alkyl,

3-neth Si Z20R,
o e YL 14 Caberit g cpebAtEORy R IRk & acy)
; and Zahﬁn&l3 &R, ksil, ORZ2of DR Rel@yﬁdep&?deﬁﬂﬁllhmﬁ acciiterdd, aICYIG; iyl - OR .

The 10 term"al k I|dene" refers to ali phati c drocar bon radi cal s wherein
at t achmenC2daaayls aod Z is ke-(eaalkylk G ﬂlkellﬁle Cizeﬁ i Reoatidy Orr'QI%fT;h

radi cal s ch. .correspond t - (C'H2"
refdfs ﬁ%rﬁﬂgﬂﬂﬁ%ﬁ itefersg aélaﬁatquy@es%af "ra@e%lﬁgvha@%? ﬂ%a&rﬂa@m oceurs or’

the same carbon. The term “alkylene” refers to radicals, which correspond to the formula -
(CpHap)-. The term “aryl” refers to an aromatic radical, “aromatic” being defined as

containing (4n+2) electrons, as described in Morrison and Boyd, Organic Chemistry, 3rd

Ed., 1973. The term “arylene” refers to an aryl radical having two points of attachment.

15  The term “alkyl” refers to saturated aliphatic groups, such as methyl, ethyl, etc. “Alkenyl”
refers to alkyl groups containing at least one double bond, such as ethylene, butylene, etc.
"Alkynyl" refers to alkyl groups containing at least one carbon to carbon triple bond.
“Acyl” refers to a group having ~C(O)R structure (for example, a C, acyl would be -
C(O)CH;). “Acyloxy” refers to groups having —OC(O)R structure. The groups previously

20 described may also contain other substituents, such as halogens, alkyl groups, aryl groups,
and hetero groups, such as ethers, oximino, esters, amides; or acidic or basic moieties, i.e.,
carboxylic, epoxy, amino, sulfonic, or mercapto, provided the alkoxysilane remains
compatible with the other components of the coating composition. Preferably, the silanes
used are mixtures of silanes. The silanes may be alkoxy silane, acyloxy silane, trialkoxy-

25  silanes, triacyloxysilanes, dialkoxysilanes, diacyloxysilanes, tetraalkyoxysilane or tetra-
acyloxysilanes. Examples of some of the organic groups directly attached to the silicon

atom may be such things as phenyl, methyl, ethyl, ethacryloxypropyl, aminopropyl, 3-
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containing (4n+2) electrons, as described in Mrrison and Boyd, Organic
Chem stry, 3rd Ed., 1973. The term "arylene" refers to an aryl radical
havi ng t wsOpgiosi7z4 of attachnment. 15 The term "al kyl " ref ePSTIuS0Z6t700 at ed
al i phatic groups, such as nethyl, ethyl, etc. "Alkenyl" refers to alkyl
groups containing at | east one double bond, such as ethyl ene, butyl ene,
etc. "A kynyl" refers to aIkyI groups containing at | east one carbon to
carbon triple bond. "Acyl" refers to a group having -C(OR structure (for

o By B b Py B b oEh Pt oy ey ep PR e

ot her s L@%bb&ﬁkﬁﬂl%ﬁ}ﬁlpﬁhb?h 785t AleRAGE Phen@hiY lalgr &%&OX? MiHe SbA4LRSe and

het ero groups as'ethers, oximno, esters, amdes; or acidic or basic
moi et i egreferably hydralrybww paa:tlalle/rimdwlym hyca sodventlessingocess. Feg slapeowilbr ovi ded
the al koxysilane re t he ot.her co ne

coat | ng TEHHUERTe GRS Byt ST gureiEidhd R SrefLEronpd T BRI ARV anes.
The si | anesilioay atos. ahb@dey t& bdlame, desiedd M¥perticd MNBe hirdinaklk exstciRbosiayanes,
trlacyloxyS|Ianes di al koxysij | anes, djacyl oxysi |l anes, tetraalkyoxy5|lane or

tetra- JeABRYE Flﬂaélﬁéglaﬂ?ﬁalﬁ‘iﬂ dior gramplsparplicaie haredanid that v s sBaRBct | y

attache t et hyl,
ot haor yI b Bl abLERD 1B ARG p o le bl B iR AR PR

am noet tayltﬁmymmmydcylowmahe hiwingylgrodpi wiyh:hnﬁaemtedlydtrbomymiboh bmdw(lf@'t hyl ,
cycl ohex | opent octa- 1 - eny henet , allyl or
oot oxy xpivetes kel T aft YRRl yrohgtron | ondiegretainst] ST en i BT ed by
a Sollove%étﬁﬁgs cBERELAR ad]i@s“i‘or%ﬂoﬁ&%%s Withlthe pi@kdtcd REMDAyREFS iR RV EN af ter
cure provided some organic groups are bonded directly to 5 the silicon
atom | rmajends, padidyddr @ecbe@natedpqiympr@rwhlelshaw addélondrma@borebmdst op

| ayer, ure-of sil na d exa l.i s have
found « nE oGy T8 pisoRE SR SRS OS] FrmBPRaERAS

phenyl t rsbﬁmﬁﬁqxamdsmhﬁn@prov@dﬁmbicrb@hst@ﬁt oMet Kingll siladekyykenis I'Fhﬁhﬁm’lﬁe

acyl oxysi | ane haV|ng group with unsaturated carbon-carbon bonds (for
exanpl e, Ustgiediglelkery slaggs ereiyl agpiosy sikanes (Ruph asmgthwlirimgthogkERpechy ny | )
provjsde r he

D eriar r ooa ity tholEl it e A0 M MBI PRERE S BN B
aronatldmpmﬂymﬂnsﬁmﬁumhnpmwenﬁmdmbhemnﬁonkmmhmnmgmdbahwbdm&mﬂmn&aﬁ&matiOn.

The presque of thﬁ arg tic substituted silane also inproves. noisture
e resulting film. Furthermore, a mixture of monoalkoxy, monoacyloxy, dialkoxy,

diacyloxy, trialkoxy, triacyloxy, tetraalkoxy silanes or tetraacyloxy silanes may be used in
the mixtures as well to enable enhancement of etch selectivity, adjustment of branching,

20 etc.

Particularly, preferred is the following composition which is the hydrolzyed or

partially hydrolyzed product of a mixture comprising

(a) 50-95 mole% silanes of the formula
lza
Ya—Ra—?i—OR;l

Zy

25  wherein Ra is C;-Cg alkylidene, Ci-Cg alkylene, arylene, or a direct bond; Ya is C;-Cg
alkyl, C,-Cg¢ alkenyl, Cy.¢ alkynyl , C¢-Cyp aryl, 3-methacryloxy, 3-acryloxy, 3-aminoethyl-
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sensitivity and may inprove dielectric constant over single silane systens.
Furthernore, wusing al kyl al koxy silanes or al kyl acyl oxy silanes (such as
met hyl t r iwetobosired | ane or 15 et hyltri met hoxysilane) in comoirresps/eatomni th t he
aryl and unsaturated substituted silanes has been found to further inprove
nmoi sture retention/exclusion and reduce dielectric constant in the
resulting film Furthernore, a m xture of nonoal koxy, nonoacyl oxy,

di al koxy, diacyloxy, trialkoxy, triacyloxy, tetraalkoxy silanes or

tetraacylox i | anes e Uus e nlx ures.as well to I
enhance Bt oA -SUPLRRR VIt R b HURe A0S arrorh R et C

Par ti cul ) ¥r CRICETRYY efhdiza ik @‘F—d&.{l OﬁV‘C£1@6ﬁ st L ARyl €R,d syl Be-

hydrol zyed or partially hydrolyzed product a mxture conprising (a)

50- 95 nupRP)molideé i ehstiohe of 24 briha coddinalen Ra—YaSton@ﬁes Zaon-dfordtierein Ra is
Cl1-C6 al kylidene, Cl-C6 al kyl ene, arylene, or a direct bond; Ya is Cl-C6

al kyl, ©2tbog carbeatipnd vpsatyra ‘Pfkynyl , C6-C20 aryl, 3-nethacryl oxy,

3-acryl oxy, 3-am noethyl -18 WD 03/085724 PCT/ US03/ 09700 am no, 3-am no,
-Si Z&20Ra' , db) 5 GR4O moRmper¢ant i ndependently, in each occurrence, a Cl-C6

al kyl or C2-C6 acyl ; and Za is Cl-C6 al kyl, C2-C6 al kenyl, C2_6 al kynyl,
C6.20 aryl, or Z CRa , provided at | east one of Za or the conbination Ra-Ya
conpri se I{IO t| c carbon carbon bond unsaturation, 5 (b) 5 to 40
nol e percent bé% bRb S ORb Zb wherein Rb is Cl1-C6 al kylidene, Cl1-C6
al kyl ene, arqup or a direct bond; Yb is Cl-C6 alkyl, C2-C6 al kenyl,
C2_6 al kynyl CG C20 aryl, 3-net hacryl oxy, 3-acryl oxy, 3 am noet hyl - am no,
3-am no, -Si Zb2ORb', or CRb'; Rb' is independently, in each occurrence, a
Cl-C6  wherein Rbis 01-06 alkylidene, C1-Cg alkylene, arylene, or a direct bond; Yb is C;-Cs

alkyl, C,-Cs alkenyl, Cp.¢ alkynyl, Cg-Cyp aryl, 3-methacryloxy, 3-acryloxy, 3-aminoethyl-
amino, 3-amino, -SiZb,ORb', or ~ORb'; Rb' is independently, in each occurrence, a C;-Cs

10 alkyl or C,-Cs acyl ; and Zb is C;-Cg alkyl, C,-Cs alkenyl, Cy alkynyl, Cs.20 aryl, or -

ORD', provided at least one of Zb or the combination of Rb-Yb comprises an aromatic ring,

and
(c) 0 to 45 mole percent
% c
Yc—Rc—?i—OR' .
Z

Cc

15  wherein Re is C;-Cg alkylidene, C;-Cg alkylene, arylene, or a direct bond; Yc is C;-Cg
alkyl, C,-Cs alkenyl, C,-Cg alkynyl, C¢-Cyg aryl, 3-methacryloxy, 3-acryloxy,
3-aminoethyl-amino, 3-amino, -SiZc,ORc', or -ORc'; Re' is indepe‘ndenﬂy, in each
occurrence, a C;-Cg alkyl or C,-Cy acyl ; and Zc is C1-Cg alkyl, C,-Cs alkenyl, Cy¢
alkynyl, Cg.00 aryl, or -ORc', provided at least one of Zc or the combination of Re-Yec

20  comprises an alkenyl. The mole percent is based on total moles of silanes (a), (b) and (c)

present.
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10 al kyl or C2-C6 acyl ; and Zb is Cl1-C6 al kyl, C2-C6 al kenyl, C2.6

al kynyl, C6_20 aryl, or - ORb', provided at |east one of Zb or the

conbi nat iwo 0008+ Yb conprises an aromatic ring, and (c) POTIUS03E70®| €

percent zc Yc-R~-Si ORc Z c 15 wherein Re is Cl1-C6 al kylidene, C1-C6

al kyl ene, arylene, or a direct bond; Ye is Cl1-C6 alkyl, C2-C6 al kenyl,

C2-C6 al kynyl, C6-C20 aryl, 3-nethacryl oxy, 3-acryl oxy,

3-am noet hyl -am no, 3-am no, -SiZc20Rc', or -ORc'; Rc' is independently, in

each occurrence, Cl-C6 al kyl . or -C6,acyl ;. and 7Zc is.Cl1-C6 al kyl,

C2-C6 al kenyIAﬁﬁ’@E_%]gtheé?rWHWYé@Ei@S’cﬁ?% C,lesf)‘l)‘/beﬁd‘-‘zéc‘for ?/?’thg %t |east one

Of ZC OlenfBink@PiHOMn, 8 & orfitaryCskAPinAE B vAR Q%a'aﬁly%d@%ﬁﬁﬂe thal BRréBddd per cent
an c

S baseg on total noles of silanes (a), (b) __present. -19 WO
03/ 0857 b4 vRiAiduSos lesEndwdingnihanghoseraristienseweoulil e evithinothe spisit gaé peapescr i bed

I n accordance with the enbodinents sho one_ of | nar LIE in the art
will reéﬂg e)Pr?s(?Bf)%F&éo gg OTE‘%PYe me8Y F\g'%i%%at’\?% ngg ?gﬁr{s]ﬁ? éyt% Eé 0}t‘anbodi nent s
and shogediNakiskill ianke 10 Witlofelephiting FronhtheSpirltiahd scipe DE tperppaidedivtaims es ent

i nvention. Accordingly, many nodifications may be nmade by one of 5 ordinary
skill ifExempleart without departing fromthe spirit and scope of the
appended clains. Exanple A nultilayer stack was prepared with the

f ol | owi Hgmekidaesistack Was prepargd dgthohe pollnsng FeqUBB: AP5000, was appl i ed onto a

oar SO JRLEE T ! By APl 000 R OdCiaBE Oty Dok

at 185Cfor secon ution to a porous ectric

was prepar ed rpy, famtat 300/ rpaofor 30seindg aad baked atrl85uT fdri%9esyadmpent adi enone
functionalized nononers, tris-phenyl acetylene functiopalized npnoners,
and 1pol ¥3t yr ¢npreguisesaditingdo piparag disderdpares pregar eiy @artially polymerizing a

mixture of biscyclopentadienone functionalized monomers, tris-phenyl acetylene
functionalized monomers, and polystyrene based cross-linked nanoparticles made
by microemulsion polymerization as shown for example in U.S. Application Serial
No. 10/077646 (attorney docket no. 61568). The nanoparticles content was 20% by
15 mass. The precursor solution was dispensed onto the adhesion promoter layer at
600 rpm, spun at 3000 rpm for 30 seconds, baked at 150°C for 2 minutes under
nitrogen, and finally baked at 400°C for 3 minutes under nitrogen. This bake cross-
linked the resin matrix, but did not remove the cross-linked nanoparticles, thus

creating a contact dielectric layer at full density.

20 3) A cross-linkable organosiloxane compositionane oligomeric precursor was
prepared by hydrolysis and subsequent copolymerization of vinyl triacetoxysilane
and phenyl trimethoxysilane monomers as described in WO 02/16477. The cross-
linkable organosiloxane solution was diluted to 8 % solids in Dowanol PMA. This
solution was applied at 60 rpm to the contact dielectric layer, spun at 3000 rpm for

25 30 seconds, and baked 265°C for 60 seconds; thus creating an etch stop layer.

4) A second charge of the precursor solution described above was dispensed onto the
etch stop layer at 600 rpm, spun at 3000 rpm for 30 seconds, baked at 150°C for 2
minutes under nitrogen, and finally baked at 400°C for 3 minutes under nitrogen,

thus creating a trench dielectric layer at full density.
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by m croenul sion polynerization as showmn for exanple in U S Application
Serial No. 10/077646 (attorney docket no. 61568). The nanoparticles
content va&© 030857y 15 mass. The precursor sol ution was di ppersseslornt o t he
adhesi on pronoter layer at 600 rpm spun at 3000 rpmfor 30 seconds, baked
at 150C for 2 mnutes under nitrogen, and finally baked at 400C for 3

m nutes under nitrogen. This bake cross- linked the resin matrix, but did
not renove the cross-linked nanoparticles, thus creating a contact
dielectrjic |lagyer at full nsity,. 20.3) A cross-I|inkable o si |l oxane
conposié#ona SeGPR 6%%%?%ﬂﬁ?8%E¥Ea#ﬁ%%é%wﬁﬁgﬁﬁFﬁ&oﬁvoﬂQﬁFﬁigigg“ﬁn >
subsequent canIMTEN 5 24541RR iPDoWaRI PNIA! #ERENYSh WS Bppl@acit OGN to

trimet hoxysil ane nononers as described in WO 02/16477. The cross- |inkable

or ganosi | oxathe tsaichdicdectuiakye, bpined 3060 epmderai(l sgeonds, meviatied 26N forrhi s
solution was .applied at 60 rpmto. the gontact dielectric |layer, spun at
BB iE e Runasear o fish dfe3ad

3000 rpm for for 60 seconds; thus creating an

etchsst gp | agarK-14Y ddl&aeoRsin ¢hamdEhedbow Thepli@t Cogpangovastdigrnstelsats bed
above was dispensed onto the etch stop la

¢ er at 600 rp n ,3000 rpm
for 30 secondke pcﬂ@hé@pd@yexab@(}@m,zpurwtr%%&pfa efet? %?F?Iicg]g@j{égéhgiq %nal ly
baked at 400 ' iHBSIS! afl ked HWR-C 5T Infitud ddagnch
dielectric |%%%U§§°@Sﬂ#‘h§‘§ﬁ§?g§’ atl, Bh QA cd R CHET Ml s ldgs 5) A
second char gaitedgenhe cross-|inkabl e organosil oxane sol uti on descri bed above
Thi s..sol ut i

was dilyted to 15 %,so] i ds in _Dowanal . .PNA. on was appl i.ed at 600
rpmto %5 he h%ﬁé’ha HF’@# “é’é{%ﬁiog ﬂfea?f%?S?l“g‘ﬁm% oL gangBHeRaPY ﬁ?]'flﬁ?n 6° %@%ﬂ&g, and
bakgd 265C f @0 Ol REEOBAK re%iﬁqayr&,r@@hiaﬂgo@ el o8B0 sé@RdS, Ae bakdl 2)
SiLK-1TM di el ectric resin (fromThe 'Dow Chem cal Conpany) was di spensed

onto the pol681C ErdP seeopds; thus Gewingpriep dpidimagk 1800 rpm for 30 seconds,

baked a 0C fpr 90 seconds under ni . i ] . 400C for
B R U e T
or ganosiglt@xamey $Ohdtéd, ahd Wasverpg balks ad crodd1inlo Bachfitmans rokeel. Bhedé baked n | ayer,
spun at 3000 rpm for 30 seconds, and baked . . )

did not affect the density of the pre-cursor layers containing the cross-linked polystyrene

15 based nanoparticle.

After the spin coating, the sample wafer was placed in an oven under nitrogen at room
temperature, ramped to 430°C over one hour, and held at 430°C for 40 minutes. After
cooling to room temperature, the multilayers were found to be free of defects by optical
inspection. Microscopic examination revealed that the cross-linked particles had been

20  removed by degradation and subsequent evolution through the multiple masks contained in
the construct, thus rendering the contact and trench dielectrics porous with reduced

dielectric constant in a single thermal treatment as shown in Fig. 7.
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265C for 60 seconds; thus creating a top hard mask layer. In all, seven

| ayers were applied successively onto the silicon wafers with the

conposi t iwo 03@Bi7es nati ng as noted, and interveni ng bakes PeTArS0¥89706 nk each
filmas noted. These bakes did not affect the density of the pre-cursor

| ayers containing the cross-linked polystyrene 15 based nanoparticle.
After the spin coating, the sanple wafer was placed in an oven under
nitrogen at room tenperature, ranped to 430C over one hour, and held at

430C for 42 m nﬁte&. Af%_er cooling to roomtenperature, the multilayers
were fo LS - defects by optical inspection. Mcroscopic

exam nation revealed that, the cross-linked particles had been 20 renoved by
degr adati on ARGTEElHSYGREFPSevol uti on through the multiple masks cont ai ned
in the construct, thys rendering the contact and trench dielectrics porous
with reduced di ePE2E¥SE2Eonstant in a single thermal treatment as shown in

Fig. 7. -21 WD 03/085724 PCT/ US03/ 09700 WHAT |S CLAIMED.IS:.1 _An article
conprising a) a Subathesubsira, agkieleqirc siagk eqmprasinga tpd10ziqn Vhick has g

conpgi si ng adfe%t1ﬁoi&+ﬁﬂtmkééqhé}?%o,a 5 dielectric constant of |ess than

3.0, ¢c) afirst nas ayer over the dielectric stack which first mask |ayer

5 resistant 10 ef o8l Oy 1KPKE Ahe HRRIAR SAlk WELH B RBSRESERM Whi ch is

designed to renove copper and whic rst layer has etch selectivity
relative to tdsstandpo grosibh by cherhichhmedhianlcebpalishingtsastm vitdchdis dgsigaediod mask

| ayer over the first mask |ayer, ich secon k | ayer .has etch

sel ectivity FEPAS qup?r&nﬁﬁ@&/}; ﬁ?f Wsle%gﬁﬁﬁ%%ﬁigéF é‘ﬁthéﬁ%]? Bglglgpi stics
simlar to tppgR @iedthest@® portion of the dielectric stack, and e) a third
mask | ayer over the second mask |layer, which third nmask |layer has etch

sel ggtivity rel atijyg sé@nh ReisR 85eNGvTRIRKfilsBIBEk RS, RMAEhREEdhdGh@kagfeRr | Sti Cs
15 simlar to those of the first nmask | ayer. o
has etch selectivity relative to the first mask layer and has etch characteristics

similar to those of the top portion of the dielectric stack, and

e) a third mask layer over the second mask layer, which third mask layer
has etch selectivity relative to the second mask layer and has etch characteristics

15 similar to those of the first mask layer.

2. The article of claim 1 wherein the dielectric stack comprises a bottom organic dielectric

layer, a top organic dielectric layer and, between those layers, an inorganic etch stop layer.
3. The article of claim 2 wherein the organic dielectric layers are porous.

4. The article of claim 2 wherein the organic dielectric layers contain a thermally labile

20  poragen in discrete domains within an organic matrix material.

5. The article of claim 2 wherein the first mask layer and third mask layers are inorganic

and the second mask layer is organic. -

6. The article of claim 5 wherein the etch stop layer is the same as at least one of the first

mask layers and third mask layers.

25 7. The article of claim 1 wherein the etch selectivity ratio of the first hard mask layer to

the top portion of the dielectric stack is greater than about 7:1.
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2. The article of claiml wherein the dielectric stack conprises a bottom
organic dielectric |layer, a top organic dielectric |ayer and, between

t hose | aywwsg3/asr2snor gani ¢ etch stop layer. 3. The arti clrcTofsoslogiom 2
wherein the organic dielectric |layers are porous. 4. The article of claim2
wherein the organic dielectric layers contain a thermally labile 20
poragen in discrete domains within an organic nmatrix material. 5. The
article of claim2 wherein the first mask |layer and third nask | ayers are
inorganic and the second mask |ayer is organic. 6. The article of claim5b
wherein the etch stop layer is the sane as at | east one of the first mask
| ayers and third mask |layers. 25 7. The article of claim1l wherein the etch
selectivity ratio of the first hard nask layer to the top portion of the
dielectric stack is greater than about 7:1. -22 WO 03/085724 PCT/ US03/ 09700
9. The article of claim| wherein the etch selectivity ratio of t he second
hard mask | ay8r Theguticens claighl Vherqin Bpctelf sclesivitaradp etibs feéonélthé‘é Ruasiglayerdss ¢ han
about 3:1. 9. 4IR$ Rfoh 6118 Qlledtdoriatk i lwBiaibsutBe etch selectivity ratio of
the third mask layer to the first hard nmask layer is |ess than about 3:1.
5 10. The art p.crie anfclesif elaim Rwindver &¢ etcht dalsctivity kotie of the third gk l4yat fodbeof t he
first hardmasﬁrsg&&@&khg&qp]egstt@gaﬁ@é@ss ‘than about 3: 1. 11. A nethod of
formng trenches and vias in a dielectric stack conprising providing the
article of sanyo. orte am‘cle@ramm wlhefofy thoddrselbaivithetidbihetihbgmsgkacteconpri ses a
bott om porti on .a s&ﬁ’a%a@?c[}%’lon having simlar etch characteristics and
an etch stop F&/ plﬁe ween e to bottom portion and the top portion having
etch sel ecti xﬁ %ﬁ&h@&%@u&ﬁ&mb&ﬁmm @&él&dtﬁktacﬁﬂdnﬁri@ﬁg{)@ﬁdﬁgltﬁel on, (( ;))
patterning the first mas r.on acc atre at &rn o
pat t er ni ng thé“@lf’c? %Véel ]v\n“f”%ereént%e%e g’f“‘t ac}cc?n&%metc 1€ trench
pattern into mhi—:atbppnrqnmrinvmmslmﬁarbdqfec}maetb@@csrm@:aisfetdcﬂkoml@m ’@tween ﬁ’qeat | east

one t renChlfﬂangotEolPﬁio o aRAE 8 Bortie vk O SalRleLeRRy ROALL éa@he%umgm%ﬁl ectric
stack to orm at east one Vi a,
and the top portion,

(b) patterning the first mask layer in accordance with a trench paftern
(c) patierning the eich stop layer with a via pattern

(d) etching the trench pattern into the top portion of the dielectric stack to
15  form at least one trench and the via pattern into the bottom portion of the dielectric stack to
form at Jeast one via,

&) dcpos:tmg a metal in the viag and trenches,

() polishing away excess metal wherein the first mask layer serves asa
polishing stop, ‘
20 wherein at least a substantial portion of the third mask layer is rexsoved during
' patterning of either the first mask layer or the etch stop layer and wherein at least a
substantial portion of the second mask layer is removed during etching of the dielectric

stack.
12. A method of forming trenches and vias in a dielectric comprising

25 (8) providing the arficles of claim 1 or claims 7-10 wherein the dielectric stack
comprises 2 single layer baving a top portion where trenches will be formed and a bottom

postion where vias will be formed.
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(e) depositing a netal in the vial and trenches, (1) polishing away excess
netal wherein the first nask | ayer serves as a polishing stop, 20 wherein
at | east wosasmssamti al portion of the third mask | ayer is rcamsos@oori ng
patterning of either the first nmask |layer or the etch stop | ayer and
wherein at |east a substantial portion of the second nmask | ayer is renoved
during etching of the dielectric stack. 12. A nethod of form ng trenches
and vias in a dielectric conprising 25 (a) providing the articles of claim
1 or clains 7-10 wherein the dielectric stack conprises a single |ayer
having a top portion where trenches will be forned and a bottom portion
where vias wll be fornmed. WO 03/085724 PCT/ US03/09700 (b) applying a
first mask |layer which acts as a stop during the polishing step and which
has etch selectivity relative to the dielectric layer; (c) applying a
second mask | ayer which has etch selectivity relative to the first mask

|l ayer; 5 (d) appl yippplyinhi fiet mask leydr afrish aojivis ¢ ohdiging the polskih ety aidt y
relative to the squmghmﬁﬁﬁgd&ﬁyﬁﬁﬂgggnwgg&gﬂﬁﬁﬁmﬁgch characteristics
similar to those of the first mask |ayer, (e) pattérning the second and
third mask |ayers i() spulyiog dermé maiktliyeawhiclanchcipabéRiprelafifo)to pat&Lr ni ng t he
first mask Iayﬁ&ﬂh%,pccordance wth a via pattern, (g) etching the via
pattern a portion of 't he way into the dielectric layer, 10 (h) patterning

t he fijr st drrta?]_k éayqn) dp?lyiﬁgﬁmﬂdﬁwkﬁyw\Tiﬁbh‘hﬁ@t&hfsﬁaﬁibityﬁﬁlhﬁ@rté"thér?e%@%d nt t hle
second an it and .simul.t.aneaus|y, removi ng a.substantia
portion of the™ ?kﬁ%%}c(ianﬁa%\éﬁﬂ ﬁaasfeg?h“itfm%f)srff’? lﬁﬂé}ﬂ?%‘é&gl?egﬁggﬁktslwgr’di electric
layer thereby form@gaiknidgaBedecoailnd\hid shadk btes in RALLAN ROK § QB Phreluhe
dielectric layer and formng at |east one trench in the top portion of 15
the dielectric | aydd pateningiedics masktliver ip hicodamawkh & diypatteins subst antial |y
renmoved during patt rpb@g of, either the first mask |ayer or the etch stop
| ayer and wherein tRE“SBEBR > RELR 40gigp of the way into the dielecitic layer,

10 (b} patterning the first mask layer in accordancs with the trench pattern made in the

second. and third mask layers and simultaneously removing a substantial portion of the
third mask layer,

() continue the eich of the dielectric layer thereby forming at least one via in the
bottom postion of the dielecitic layer and forming at least one trench in the top portion of
15  the dielectric layer,

(i wherein the third mask layer is substantially removed during patterning of
either the fivst mask layer or the eich stop layer and wherein the second mask layer is
substantially removed during etching of the dielectric stack

(k) depositing a metal in the vias and trenches,

20 (D polishing away excess metal wherein the first mask layer serves as a polishing
stop.

13. The method of claim 11 or 12 wherein all the Jayers are applied via solvent coating.

14. The method of claitms 11 or 12 wherein the dielectric layers comprise a thertnally
labile poragen in discrete domains within 2 dielectric matrix material and the poragen is

25 removed by beating after application of at least one of the hard mask layers.
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substantially renoved during etching of the dielectric stack (k) depositing
a netal in the vias and trenches, 20 (1) polishing away excess net al
wher ei n t e d3iiss4mask | ayer serves as a polishing stop. PA/usSibeomwet hod of
claim 1l or 12 wherein all the layers are applied via solvent coating. 14.
The nethod of clains 11 or 12 wherein the dielectric |layers conprise a
thermally | abile paragen in discrete domains within a dielectric matrix
material and the poragen is 25 renoved by heating after application of at

| east one of the hard nmask |ayers. -24 WD 03/085724 PCT/ US03/09700 15. The
met hod of claim 14 wherein the porogen or thermal deconposition products of
the poragen diffuse through the at | east one of the hard mask | ayers. 16.
The nethod of claim 1l or 12 wherein the first hard nask |layer is

phot odefinable and is patterned by inmagew se exposure to radiation and

devel opment. 54l he st.e formng a
trench pattern |E‘bt f?&ﬁ?l rstF&g1KP‘Ic{ihﬁ%luﬂlw{;["3 %%M%e% ec?’é’g"sé és?afm

phot or esi st ov@??qf%R@IﬁFW@fﬁ%h@eﬁh%%t ?ﬂayﬁhehmmwwerand devel opi ng the
photoresist w h|n the trench pattern into the
third hard na%QT%%V ?ﬁ£P§W$ ?%8“? Eﬁm 4 EIsK aysiripphodetivakle Art har d
mask | ayer andswwm@inhwwiaabmmtpaaﬁtaamr‘andmw@loplna:tf| rst hard mask | ayer.

lo 1S. The nethod of claim 17 wherein prior to etching the trench pattern
into the fiftstihdPomethedgt ol by whereldhstrg obirspiae eispisk pettarady thefirst kardippl i ed,

t he second phohsk @strsbmprised appigiag a pivthresdovet tﬁ@mﬁd Nérd iﬂaskgeﬁ/ VinfsR@kbLr N, the

[ k h hed
'he Top porti orartins b @bt PR BN Fonel Bliom B Bl e |

first har dmashkedanask fyen Atebing disuitonah pettartinig tfeopavidigd ek isyeradetddhs den . i n

the first har m%ait@i{ﬁothéés@mzﬁaﬁﬁa%ha pattern in the etch stop | ayer.
19. The nmethod of claim 11l or 12 wherein the third hard mask | ayer is

phot odef i nab| el8. TROmetiihef plairhiFdvhofeingkiod torettifinghe &cﬁmﬂ\j&hﬁé@lnﬂo tbarst hardt and the
third hardznasfag Qz¥&%§ee@ﬁ’d’ oto%ﬁha%ﬁh@§%b]}(édt e egtl oresxs9 %sﬁzgggg? P]dt her of

| ess than 5:1. %oc-}r clarm
sel ectivit y r éPY p8 Wtﬂh@e f/ 1?4 P%Tenh&? Ha Hﬁ@w 15 GtChEd inio the flI'St hardmask layer, and

then etched into the top portion of the dielectric stack, and then the eich stop and the first
hardmask are sirultaneously etched forming the trench paitern in the First hardmask Iayer
15  and the via pattern in the etch stop layer.

19. The method of claim 11 or 12 wherein the third hard mask layer is photodefinable,

20. The method of claim 11 or 12 whesein the first and the third hardmask layers have
etch selectivity relative to one another of less than 5:1.

21. The method of claim 11 or 12 wherein the etch selectivity ratio of the first hard mask
20 layer to the top portion of the dielectric stack is greater than 7:1.

22. The method of claim 11 wherem the etch selectivity ratio of the first hardroask to the
etch stop is less than 3:1.

23. The method of claim 11 or 12 wherein at Jeast one of the first and third hard mask
layers is photodefinable.
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20 layer to the top portion of the dielectric stack is greater than 7:1.
22. The nmethod of claim 1l wherein the etch selectivity ratio of the first
har dmask Wwo a3wss72et ch stop is less than 3:1. 23. The net hasTo@soslogiom 11 or
12 wherein at |least one of the first and third hard mask |ayers is

phot odef i nabl e, 25 -25 WD 03/085724 PCT/ US03/ 09700 24. The nethod of claim
12 wherein a trench pattern is formed in the first nask |ayer and a via
pattern is forned in the second and third nask | ayers, the via pattern is
etched a portion of the way into the dielectric layer, then the third mask
| ayer is renoved and the etch of the dielectric |layer continued thereby
formng at |east one via in the bottomportion 5 of the dielectric |ayer
and formng at |least one trench in the top portion of the dielectric |ayer,
wherein the second mask layer is substantially renoved during etching of
the di el ect r#e Toe metkod ofsleinT Hewhestimodensh pattensiinfoRdedviin e & shbdidayfel sst  har d
mask | ayer i l; t by exposi ng
t hat | ayer t?ﬁ%@gﬁ iﬁg&\?vaﬂstg@%ﬁ%ﬁdﬁgd ??&%ﬁaa?g %o%g%ﬁagt&r‘gggtgggel opi ng the

| ayer. 26. TTumdﬁEhhﬁﬂ@ﬁﬁyﬂkﬁhﬂhﬂ&mﬁh@kﬂﬂﬁnHﬁﬁnﬂhﬂkﬁEﬁéﬁ§mk@%ﬁ%ﬂ@@ﬁpr'Ses a
mai, NS h|n ectric matri X

thermal l'y | abj/le

material and etui%' ot “%3%89‘??11&?& Ll u”m[l)e\ﬁie fe“sg rﬁ‘g’&ﬁf ﬁﬁﬁg %etvéarmgﬁ&"ft%‘ﬁi’?ffiﬁn of at

| east one f ofHw disdectic fryesdand @y@mg atderstong harich frftee fop pargemofate didlaweioral
deconposi ti 0riyRf, Ak ShedbodBaOKROE Bl a5 Rub DLONER, &ligry ovi\"HLreaS; one of

the hard 15 pask yers . Thé net
third mask IéV@F“P§‘ t photodeflnable. -26

25. The method of claim 24 wherein the first hard mask layer is photodefinable and the

eln
y-

trench pattern is forted by exposing that layer to activating wavelengths of radiation and
10 developing the layer.

26. The method of claim 24 wherein the dielectric layer comprises a therroally labile

poragen in discrete domains within a dielectric matrix material and the poragen is removed

by heating after application of at least one of the hard mask layers such that the poragen or

thermal decomposition products of the poragen diffuse through the at least one of the hard
15  mask layers.

27. The method of claim 11 or 12 wherein the third tmask layer is not photodefinable.



