06 JUL 20 DOUBLE- LAYERED LOW DI ELECTRI-C CONSTANT DI ELECTRI C /-q_ QLA CENE
_ METHOD RELATED PATENT APPLI CATI ON- U .S.. Patent . Appli.cati.on Serrd 726,. .
657 (CS-00-024) to QS. Fong et al. BACKGROUND OF THE | NVENTI ON (1) Field
of the Invention The invention relates to a method of nmetallization in the
fabrication of integrated circuits, and nore particularly, to a method of
dual dammscene netallization using |ow dielectric constant materials in
the ‘manufacture of integrated circuits. (2) Description of the Prior Art

The damascene or dual damascene process has beconme a future trend in
integrated circuit manufacturing, espeC|aIIy in the copper netallization

process. DQHEEE—LhYEREBSﬁewangEﬂE@@H gedohB I y Chang and
Sze, The McG aw Hill Conpanies, Inc. T§k§ D¥E%ggghgg DU§i4 445. Low

di el ectric constant natDAMB$GEMEVEEbE@ﬂ proposed as the dielectric
materials in order to reduce capacitance. In 0 8 JUL 2005 the conventional
damascene schene, one or nore etch stop and/or barrier |ayers conprising

hi gh di el ectric constant
RELATED PATENT APPLICATION

U.S. Patent Application Serial # Q[ZE&JQ’(Lji?

(CS-00- ~-024) to Q.S. Fong et al.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to a method of
metallization in the fabrication of integrated circuits, and
more particularly, to a method of dual damascene

metallization using low dielectric constant materials in the

manufacture of integrated circuits.

(2) Description of the Prior Art
The damascene or dual damascene process has
become a future trend in integrated circuit manufacturing,

especially in the copper metallization pProcess. These

processes are discussed in ULSI Technology, by Chang and Sze
r
The McGraw Hill Companies, Inc., NY, NY, c. 1996, pp. 444-

445, Low dielectric constant -materials have been proposed as

the dielectric materials in order to reduce capacitance., 1In



materials, such as silicon nitride, are required. This defeat ﬁoé Qﬁ pose
of. the low.dielectric constant materials. It is desired to fifd b
whi ch does not require a high dielectric constant etch stop/barrier
| ayer.. U.S. Patent 6,004,883 to Yu et al shows a dual danmascene nethod
W thout an etch stop layer. U S. Patent! 6,083,822 to Lee shows a dual
damascene nethod using a thin silicon nitride etch stop layer. U S. Patent
6,025,259 to Yu et al discloses a dual danascene nethod with etch stop

| ayers. U.S. Patent 6,071,809 to Zhao shows a nethod using an etch stop
layer. -U.S. Patent 5,635,423 to Hyang et al teaches various nethods of
for nthg aodwehtidanisdemasoper sghehe eooe stroporey@tadueito®rs silicon
nitride or polysilicon is used. U S. Patents 5,935,762 to Dai et al and
5, 87apd76rt babaiieshdwysrdo tiome rrissiigs Sigh sliegeed 1o ce$t@®ithg a silicon
nitride etch stop layer. U S. Patent 5,741,626 to Jain et .al discloses a
dual madgFaedene SHChc &$s sddilfena Hgmidamaia e igisdy st'%b‘ﬁ ayer. 0 8 JUL
2mb SUMVARY OF THE | NVENTI ON A pringci pal .object of the present. invention
is PEISFAEHE JPeaPUEmRsd Qe Bifd wﬁ%?glrﬁﬁfafé%r%%té}% REraLe.

et alllt! Ziaét IdoenSllrneé r:IZeO ffafg'll.‘d Caatﬂroonceosfs IWTH]-_E&[ %Oeéjs CACK'I‘? Liléqun(.jreé“é:%gh

dielectric constant etch stop/barrier layer.-.

U.S. Patent 6,004,883 to Yu et al shows a dual
damascene method without an etch stdp layeri U.S. Patent
6,083,822 to Lee shows a dual damascene method using a
thin silicon nitride etch stop layer. U.S5. Patent
6;025,259 to Yu ét al discloses a dual damascene method
with etch stop layers. U.S. Patent 6,071,809 to Zhao shows a
method using an etch stop layer. U.S. Patent 5,635,423 to
Huang et al teaches various méthods of forming a dual
damascene opening. Bn etch stop layer such as silicomn
nitride or polysilicon is used. U.S. Patents 5,935,762 to
Dai et al and 5,877,076 to Dai show a double mask self-
alignéd process using a siliéon nitride- etch stop layer.

U.S. Patent 5,741,626 to Jain et al discloses a dual

damascene process using a tantalum nitride etch stop layer.

ess.



-metal]ization process using low.dielectric: .constant materials’

Anot her . obj ect of the invention is to provide. & dualdan&scenﬁsy%ngﬁﬁt

obj ect of the invention is to  provide a dual damascene netallization
process using low dielectric constant materials w thout using a high
dielectric constant- etch stop material.! A further object of the invention

-is to provide a double layered |ow dielectric constant material dual

damascene netal lization process. A still further object of the invention is-

to provide a double |ayered |ow dielectric constant material via first
dual damascene netal lization process. | 06 JUL b Another object 4 of the

i hvention is to provide b e . ielectric constant materia
AR HE R GG

dual trench first daneScene ne ess. Yet anot her object of
the invention is to provide a double |ayered | ow dielectric constant
material self-aligned dual damascene netallization process. |In accordance

with the objects of &hpsindiyentbvfed: dopblise | yerad: | o diel §§tiic
constant material dual damascene netallization process 1S achieved. Metal
to provide an effective and very manufacturable method of

metallization in the fabrication of integrated circuit

devices.

Another object of the invention is to provide
a dual damascene metallization process using low dielectric

constant materials.

-

Yet another object of the invention is to
provide a dual damascene metallization process using low
dielectric constant materials without using a high

dielectric constant etch stop material.

A further object of the invention is to
providg a double layered low dielectric constant material

dual damascene metallization process.

A still further object of the invention is to
provide a double layered low dielectric constant material

via first dual damascene metallization process.

L3 =

her_



- lines are provided covered by an insulating |ayer overlying a
. -sem-conductor substrate. A first organi.c dielectric:layer isr-gé%8g¥€g§.
‘overlying the insulating layer. A second inorganic dielectric layer is
deposited overlying the first dielectric layer. In a first method, a via-
pattern is etched into the second dielectric |layer. The via pattern is
-etched into the first dielectric layer using the patterned second
dielectric |layer as a mask. Thereafter, a trench-pattern is etched into
the second inorganic dielectric |ayer to conplete dual danmascene openings.
In a second nmethod, a trench pattern is etched into the second dielectric

| ayer. Thereafter, i ugh t he, second. L norgani c
ayer. Ti B PaS FEQ: Ior elrbefLdLongh he sec 86

dielectric |ayer an gani ¢ rlc | ayer fete dua

damasg efsuRe N gsred m@wt@iéﬂec%tb@dco@st\!é@t%& &fflai Sagal - )
- 0 8 etched into the second dielectric layer. Then, S|nu?taneously, the

via patémcn firet cethsodne therdiT sat thigl 6bééss| ayer and a trench pattern
is etched into the second inorganic dielectric |ayer to conplete dual
damascene - openings in the fabrication of an integrated circuit device.
BRI EF DESCRI PTI ON-OF THE DRAW NGS I n the acconpanying drawi ngs form ng a
material part of thi%eﬁe®%¢t%@¥OWPj¢©br@fiShshbmmenﬁign.iﬂ tdrough 7
schematically illustrate in

pProvi le“a double layered low dlelectrlc constant material

self-aligned dual damascene metallization process.

In accordance with tﬁe objects of this
invention a double layered low dielectric constant material
duel damascena metallization process is achieved. Metal
lines are provided covered by aﬂ insulating layer overlying a
semiconductor substrate. A first organic dielectric layer is
deposited overlying the insulating layer. A second inorganic
dielectric layer is deposited overlying the first dielectric
layer. "In a first mefhod, a via pattern is etched into the
second dielectric layer. The vie pattern is etched into‘the
first_dielectkic layer using the patterned second dielectric
layer as a mask. Thereafter; a trench”ﬁeétern is etched into
the seeond inorgaﬁic dielectric layer to complete dual
damascene openings. In a second method, a trench pattern
is etched into the second dieiectric layer. Thereafter, a

via pattern is etched through the second inorganic dielectric
- layer and the first organic dielectric layver to complete dual

_damascene openings. In a third method, a via pattern is



cross-sectional representation a first pref erred] enbodi ment htggﬁLqul
~.-damascene.-process: of 'the- preesent . i nventi-on. -Fi.gs. ~8:through 13

‘schematically-illustrate in cross-sectional representation a second
preferred embodi nent ‘of the dual damascene process of the present
invention. Figs. 14 through 19 schematically illustrate in cross-sectional

‘representation a third preferred enbodi nent of the dual damascene process
of- the present invention. 0 8 JUL 2005 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The present invention provides a double- |ayered | ow dielectric
constant material dual damascene process. A high dielectric constant

Bt erdialn et Ohis) ADALIRIa |@eredd MOty JRGUI T athdmn the process of the
present invention,. The present inventionis described for three preferred

errbOtalrﬁﬁ;uttSanédhg_,lhﬁ, fiestvi eferteath amodin@ntintg Wi fifsdt dual damascene
process is described wth reference to Figs. 1-7. In the second preferred

enbodiinEdcta ¢ rlenedr fandta diedncanesicissmn piooeisshed imdescthded with
reference to Figs. 8-13. In the third preferred enbodi nent, a self-aligned
dual stararst e pgaTes S1i¢ ke aestr | barkmi td calipkere cdudl Rigmasdend 9. The

first preferred enbodinent, a via first
openings in the fahrlcatlon of an 1ntegrated circuit device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a
material part of this description, there is shown:

Figs. 1 through 7 schematically illustrate in
cross—sectional representation a first preferred embodiment

of the dual damascene process of the present invention.

Figs. 8 through 13 schematically illustrate in
cross—-sectional representation a second preferred embodiment

of the dual damascene process of the present invention.

Figs. 14 through 19 schematically illustrate
in cross-sectional repreéentation a third preferred
embodiment of the dual damascene process of the present

invention.



dual damascene process, will now be described wth reference $ Fh ml— 7.
- Ref erring now. nore paTthuIaLLyqpo;FLgm.l,”_theﬂepis'iILuStraL“uaﬂ_g,, ion ..
.of a partially conpleted . integrated circuit device. There i s shown a
~sem conductor- substrate 10, .preferably conposed of nonocrystalline
silicon. Sem conductor devices structures, such as gate el ectrodes,
source and drain regions, and netal interconnects, not shown, are forned
in and on the sem conductor substrate and covered wth an insulating

| ayer. Interconnection lines, such as 08 JUL 2 7 tungsten, copper or

al um num copper lines 14, for exanple, are formed over the insulating
layer and will B 1P Gur Mmewdeadny iIBMpOBMBNhduct or  devi ce
structures throtugh openings in the insulating |layer, not shown. Now, a
passivation or barrier layer 16 is forned over the netal |ines and

pl anari zed. Now, the key features of the present inv ntifn_-mﬁjl be
described. A first ghelgeesént| ayeentiBon sPHRPHSFE el Q¥P ®he barrier |ayer
16 to a thickness of between about 6000 and 28,080 AQ%&EﬁQ”B- Thi s

di el gL Ei-6al ayar al8leatpitseonathol BREPELRH BUE n$PRAT““Organi c material ,

such aS pol yi m des, hydrido organo siloxaneBE%Lﬁqe +chHOSP) by

:
AI|iF§8bg@éL, BnbighSAiiklegtydFy FREATPRIe"BoFYfer By Dow Chenmical, FLARE,
a poly(arylene) ether by AlliedSi gnhal,

/ 1:0C 4 1,8 et kel HiHesesqui oxane
( VBQ Lo/ bamy: iemg dRYE Ty s FoRRe d) N

) = . -. for
present ipvention: The present jnvention is described

threé preferred embodiments. In the first preferred
embodimént; a via first dual damascéne process 1is described
with reference to Figs. 1-7. In the second preferred
em#odiment, a trench first dual damascene DProcess is
described with reference to Figé. g8-13. In the third
preferred embodiment, a self-aligned dual damascene process

is described with reference to Figs. 14~19.

The first preferred embodiment, a via first
dual damascene process, will now be described with reference
to Figs. 1—7; Referring now more particularly to Fig. 1,
there is illustrated a portidn of a partially complgted
integrated circuit device. .There is shown a semiconductor
substrate 10, preferably composed of monocrystalline silicomn.
semiconductor devices structﬁres, such as gate electrodes,
soﬁrce and drain regions, and metal interconnects,:not shown,
are formed in and on the semiqpnductor substrate and covered

with an insulating layer. Interconnection lines, such as



constant shoul d be |l ess than about 3.5. Next, a second dielectéjc 4a§ﬁé 20
is deposited to a thickness of between about 6000 and 20, 000 ﬁgéir .
The second dielectric layer 20 conprises a |low dielectric constant
inorganic material, such as fluorinated silicate glass (FSG, carbon-doped
FSG nitrogen-doped FSG ~ CORAL, a carbon-doped oxide film by Novellus
Systens, Inc., BLACK Dianond, a silicon exide-based CVD low k film by
Applied Materials, Trinmethylsilane (Z3M5S) by Air Products, XLK, a hydrogen
Si | sesqui oxategstas echppat efri &lunf byn-DoppeCoriteB)s, asKd R egenesidruesqi oxane
(HSQ . The dielectric constant should be | ess than about 3.5.

Al t er nati velgrertHe ifgudatingi Bvest aridcwildy eenteotl grpeofi poy gaddrd vamd t he
second | ayer_ coul d be rganic. 06 JUL Referring ngwto Fig. 2, a

phot or esi st ﬁegﬁgﬁndfthfogfii © REFTHES SEEBKE: BP?QLEETIAFthea BB EntpYer:
patterned tQ+f ofdpma photoresi st mask 25 for the via pattern. The second
dielectric layer 20 is etched where it is not covered by the photoresist
mask 25 to formthe via pattern, as shown in Fig. 3. The photoresist nask
25 is renoved. If the second dielectric layer is an organic |layer, a hard
mask must be usé@vi risPewdvatiother pRotiGresiver Hasdk Srnek csebhsbewensl

renoval of the photoresist wll da th r gani material .as well. Now,
t he pat ter nel&nggcagﬁdpléflaexflezg??i éﬂor,a;{gfgekey J:eea(%uges og the present invention

will be described. A first dielectric layer 18 is deposited over the
barrier layer 16 to a thickness of between about 6000 and 20,000
Angstroms. This dielectric layef 18 comprises a low dielectric constant
organic material, such as polyimides, hydrido organc siloxane polymer
(HOSP) by AlliedSignal, Inc., SILK, a polyphenylene polymer by Dow
Chemical, FLARE, a polyl(arylene) ether by AlliedSignal, Inc., BCB,
methylsilsesquioxane {MSQ), or any o¢rganic polymers. The dielectric

constant should be less than about 3.5.

Next, a second dielectric layer 20 is deposited to a thickness of
between about 6000 and 20,000 Angstroms. The second dielectric layer 20
-comprises & low dielectric constant inorganic material, such as
flvuorinated silicate glass (FSG), carbon-doped FSG, nitrogen-doped FSG,
CORAL, a carbon-docped oxide film by Novellus Systems, Inc., BLACK
Diamond, a silicon oxide-based CVD low k film by Applied Materials,
Trimethylsilane (23MS) by Air Products, XLK, a hydrogen silsesquioxane
based material (by Dow Corning), and hydrogen silsesgioxane (HSQ). The
dielectric constant should be less than about 3.5. Alternatively, the
first dielectric layer could be inorganic and the second layer could be

crganic.



serves as a hard mask for etching the via pattern into the first
dielectric layer 18, as shown in Fig. 4. Referring nowto Fig. 5, 08 JW-20%
photoresist |ayer is coated over the second dielectric |layer 20 and
patterned to formthe photoresist mask 29 having a trench pattern.
Alternatively, a hard mask could be used instead of photore5|st The hard
mask material nust have sufficient getch selectiyvi d to the

i norgani c di el ectri cRehBtEHPeI “A8pbYi T2 ¢ p?e@%ﬂ%gﬁ?%ﬁ %?efhe
n UL 2 h
105 oo TBA LAl O os peh i 98 B0 2B, e Abehgation Lo
h hi gh
o eote FOof 8 Fhatreh ity dRaRr R Eot ‘gir‘.gcf’%cﬁ‘%‘?ﬁg‘nw VP8 I o

di el eégééﬁd”&iéié&ﬁﬁet§%g§eaﬂoe ?ﬁgﬁQd ;Eﬁerehﬁ?fcoags]hé& ABsKrdQ is

renove eavi ng e co t amascene openi ngs 32, shown in Fig.

6. The %@C€ﬁ§t8i‘e55§t' RY QR antbasoicﬁr eRd he ga@teaﬁmageaﬁowﬁpem ngs
usi ng a doub | ayer of low dielectric constant materials.: No high

di el eghrregconst aphenphetbbses maed as ianremohedtopIfThheefore, |ow
capaci tance is maintained. Processing continues as is conventional in the
art teetohf @heldatmiceheyepencsngs B2gaRdc éryeplea hard mask must

be used instead of the photoresist mask since subsequent

removal of the photoresist will damage the organic material

as well.

Now, the patterned second dielectric layer
serves as a hard mask for etching the via pattern into the

first dielectric layer 18, as shown in Fig. 4.

Referring now to Fig. 5, a second photoresist
layer is coated over the second dielectric layer 20 and
patterned to form the photoresist mask 29 having a trench
pattern. Alternatively, a hard mask could be used instead of
photoresist. The hard mask'material must have sufficient
etch selectivity compared to the inorganic dielectric
material deposited to prevent etching of the inorganic

material during patterning.



barrier metal layer, not shown, .is typically deposited over BgEJQEEﬂE
dielectric layer and within the openlngs A netal layer, such

is formed i thin the openings, such as by sputtering, el ectrol ess” platlng
or electroplating, for exanple. The excess netal may be planarized to
conplete the netal fill 34, as shown in Fig. 7. The second preferred
enbodi nent, a trench first dual damascene process, will now be descri bed
with reference to Figs. 8-13. Referring now nore particularly to 0 6 JUL
Fig. 8 there is illustrated a portion of a partially conpleted integrated
circuit device. There is shown a sem conductor substrate 10, preferably

composed of monocrygballbngyshhiedh, SETLEORdYCH Rk deyLoes ghpuctures.
such” as gate electro SBGPcBEha 8 &Pn regrons, metal”

i nt eg¢QPagEL ¢ ma&eh@wﬂ a8 ehé%r@q FRgand . OnTthet%ﬁ %09%9%@ substrate
and covered with an insllating | ayer. nterconnectlon i'nes uch as

t ungseBhoseApPes etchl YAkNHBtoREPACE1bLReS c14ayber waXAMRl @ighr e formed over
the insulating layer and will contact sone of the underlying sem conductor
devi selettieitiyesot hhaughrepedingectpithaaitasibati ngnl aydr, wagQt shown.

Now, a passivation or barrier layer 16 is fornmed over the netal |ines and

pl anthez&drsKodiellpetkey material acts as an etch stop.

The photoresist mask 29 is removed, leaving
the completed dual damascene openings 32, shown in Fig. 6.
The process of the invention has formed the dual daﬁascene
openings using a double layer of low dielectric constant
materials. No high dielectric constant material was used as

an etch stop. Therefore, low capacitance is maintained.

Processing continues as is conventional in the
art to fill the damascene openings 32, For example, a
barrier metal layer, not shown, is typically deposited over
the third dielectric layer and within the openings. A metal
1ayer,‘such as copper, is formed within the openings, such as
by sputtering, electroless piating, or electroplating, for
exanple. The excess metal may be planarized to complete the

metal fill 34, as shown in Fig. 7.

The second preferred embodiment, a trench

first dual damascene process, will now be described with

reference to Figs. 8-13. Referring now more particularly to



features of the present invention will be described. A first 8ie|§ct | C
.- layer 18 i.s deposited over the barrier layer 16 to a thicknes QGf_bgﬁteen_q,,
+ about® 6000 and 20, 000 Angstrons.  This dielectric layer 18 conprises a |low.
dielectric constant' organic material, such as polyimdes, HOSP, SILK,
FLARE, BCB, MsSQ or any organic polymers. Next, a second |low dielectric
layer 20 is deposited to a thickness of between about 6000 and 20, 000
- Angstrons. The second dielectric |ayer 20 conprises a low 0 6 JUL 3
dielectric constant inorganic material, such as fluorinated silicate gl ass
(FSG), carbon-doped FSG nitrogen-doped FSG  CORAL, BLACK Di anpond, Z3M5,

XLK r2gd &5Qcndbe diekeehttfare@nsiBat«shauLE ng%géfaii@n about 3. 5.

Alternatively, the first dielectric |ayer cou norgani c and the
secopdmplayed coubdricear gantaitRAEQIEENY DAV EOLEI §hodn & photoresi st

| ayer is coated over the second dielectric |ayer 20 and patterned to form
a phe¢tniesndtctrasks@Bstoateht0f r ppeliepablier bompbeedsegond di el ectric | ayer
20 is etched where it is not covered by the photoresist mask 29 to form

t he mepppchypheléing aslichown BamEigndtotoThdephoesr ssrettnuek, 29 is
removed. If the second dielectric layer is an organic layer, a hard nask
must SBERUBEJIRRSt BABCEFOBRE  pEOUBFESRBE ANgknsrABaoDEbsandenetal

interconnects, not shown, are formed in and on the
semiconductor substrate and covered with an insulating layer.
Interconnection lines, such as tungsten, copper or aluminum-
dopper lines 14, for example, are formed over the insulating
layer and will contact some of the underlying semiconductor

device structures through openings in the insulating layer,

not shown.

Now, a passivation or barrier layer 16 is
formed over the metal lines and planarized. Now, the key
features of the present invention will be described. A first
dielectric layer 18 is deposited over the barrier layer 16 to
a thickness of between about 6000 and 20,000 Angstroms. This
dielectric layer 18 comprises a low dielectric constant
organic material,‘such as pélyimides, HOSP, SILK, FLARE, BCB,
MSQ, or any organic polymers.

Next, a second low dielectric lay;r 20 1is

. deposited to a thickness of between about 6000 and 20,000

Angstroms. The second dielectric layer 20 comprises a low



renoval of the photoresist will damage.the organic materi al 6
Referring now to Fig. 11, a second:photoresist layer is coate@ “@gyzgﬁe e
pat t er ned second dielectric layer 20 and patterned to forn1the phot or esi.st
mask 25 having a via pattern. Alternatlvely, a hard mask coul d be used

i nstead of photoresist. The hard mask material nust have sufficient etch
selectivity conpared to the inorganic dielectric material deposited to
prevent etching of the inorganic 08-JUL 2005 12 naterial during

patterning. The via pattern is etched into the first dielectric |ayer 18,

as shown in Fig 12. The photoresist mask 25. is renoved, |eaving the

COW&%&?QCQ BHREEARC ggsghggsmﬁeﬁgwsuemg ¢120rThecRROCESS Of the

i nventron orne t he anascene openings using a double |ayer of

| ow Qhﬁ}h@skél glaggsf(@st;)Waba&bahSdobIthng dhekesyehcdopenskaat, materi al
was used as an etch stop. Therefore, |ow capaC|tance I S mai ntai ned.

Procegriang soACKNDESmaRd), S ZGHBYERLKONahdl ASDhe Taet dielbickkithe damascene

openi ngs 32. For exanple, a barrier netal |ayer, not shown, is typically

depoebhetianreshoufid bki ldesdi ¢heont rboultaBeh .andlwetrhiat ivied vopdiiengs. A net al
first dielectric layer could be inorganic and the second

layer could be organic.

Referring now to Fig. 9, a photoresist layer
is coated over the second dielectric layer 20 and patterned
to form a photoresist mask 29 for the trench pattern. The
secona dielectric layver 20 is etched where it is not covered
by the photoresist mask 29 to form the trench pattern, as
shown in Fig. 10. The photoresist mask 29 is removed. If
the second dielectric layer is an organic layer, a hard mask
must be used instead of the photoresist mask since subsequent
remcval of the photoresist will damage the organic material

as well.

Referring now to Fig. 11, a second photoresist
layer is coated over the patterned second dielectric layer 20
and patterned to form the photoresist mask 25 having a via
pattern. Alternatively, a hard mask could be used instead of
photoresist. The hard mask material must have sufficient
etch selectivity compared to the inorgagnic dielectric

material deposited to prevent etching of the inorganic



| ayer, such as copper, is forned withi-n the openings, such as SyJ
sputtering, electroless platitng, or electroplating, for- exanpp ) q%@“ﬁ-

excess netal may be planarized to conplete the netal fill 34, as shown Ln'

Firg. 13. The third preferred enbodi nent, a self-aligned dual danmascene

" process, will now be described with reference .to Figs. 14-19. Refwerring
now.nore particularly to Fig. 14, .there is illustrated a porti-on of a
partially conpleted integrated circuit device. There is shown a

sem conduct or 06JUL20 - 13 substrate 10, preferably conposed of

monocrystalline silicon. Semconductor devices structures, such as gate-
el ec 1 SQUILCE jd. regions, and netal interconnects, not shown,
are %%%%% %ﬁ1 andggh tqggggﬁgg%nductor substrate and covered wth an

insulating layer. Interconnection lines, such as tungsten, copper or

al um num copper lines 14, for- exanple, are fornmed over the insulating

| ayer.and w || cont aie soi® pittéhe lsnderdlyddgiseni condictor devi ce
structures through openings in the insulating |layer, not shown. Now,- a
passiditlentoic bbayererls ayas difews ifiofhed ber The peeotdresiwt and

pl anari zed.. Now,” the key features of the present invention wll be

descriapell. 23 1§ r5emnoveedl ekeRrvENg alee I8"PLeBRPoIPELALRDRFCERR barrier |ayer
16 to - . ,
Oopenings,32, shown in Fig. 12. The process of the invention

has‘formed the dual damascene openings using a double layer
of low dielectric constant materials. No high dielectric
‘Constant-material was used as an etch stop. Therefo;e,'low

‘capacitance ‘is maintained.

‘ : . Processing continues as is conventional in: the
Varf”to'fill thé damascene openings 32. For example, a
barrier metal layer, not shown, is typically deposited over
the third dielectric layer and within the openings. A metal
layer, such as copper, is %ormed within the openings, such as
by sputtéring, eledtroless plating, or electroplating, for

example. The excess metal may be planarized to complete the

métal £ill 34, as shown in Fig. 13.

The third preferred embodiment, a self-aligned

dual damascene process, will now be described with reference

- to Figs. 14—19, Referring now more particularly to Fig. 14,

théreris illustrated a portion of a partially completed

integrated circuit device. There is shown a semiconductor



a thickness of between about 6000 and 20,000 Angstroms. This el E@gc
~layer 18 conprises a |low dielectric-constant organic nmaterial; 't@h

pol yi m des, HOSP, SILK, FLARE, BCB, MsSQ or any organic polymers. Next, a
second low dielectric layer 20 is deposited to a thickness of between
-about 6000 and 20,000 Angstrons. The second dielectric layer 20 conprises
a llow dielectric constant inorganic fsaterial, such as fluorinated
silicate glass. (FSG, carbon-doped FSG nltrogen doped FSG ~ CORAL, BLACK
Di anond, Z3MS, XLK, and HSQ The di el ectrl C 0 6 JUL 21 14 constant should

beles than a 5. Alt rnatlvel rst _di.electri Ia er could be
i nor % aqbe'?lh I'E:‘Eta)j%dmtl’f c‘%uﬁe}d@1 be on}c’gnamrc,y 1i@el;alerrl ngclnow 0 Fig. 15,
- a ph%&{?ﬁu AYE ded c&@aé@ﬂ;@e&%eih%&@oggd Siel estdde-dayer 20 and

"~ patterne orm a photoresist na 25 for the via pattern. The.' second

di el egdli&e | @YEra2Rih Sref ohed, Waed endtal SiModr EoMesees, ot Nendurof or esi st
mask 25 to formthe via pattern, as shown in Fig. 16. The photoresi st nmask

25 i saremyetked | {ntded secone sl @stdinctdAy@ubssrave cnghntavérg®r, a hard
mask - nust be used instead of the photoresist nmask since subsequent
r ermvaitlmfam henphbabiegi séverl | Tabtegeonhecbiganl tnest esuch as

tungsten, copper or aluminum-copper lines 14 for example,

are formed over the insulating layerfaﬁd Will contact some of

the underlying semiconductor device structures through

openings in the insulating layer, not shown.

‘Now, a passivation or barrier layer 1l6.is
formed'over the metal lines and planarized. Now, the key
features of the present ipventipn will be deséribed. A first
dielectric layer 18 is deposited over the.baxrier layer 16 to
a thickness of between about 6000 and 20,000 Angstroms. This
dielectric layer 18 comprises a low dielectr%c constant
organic material, such aé polyimides, HOSP, SILK, FLARE, B(CB,

MSQ, or any organic polymers.

Nekt, a second low dielectric layer 20 is
depésited to a thickﬁess of between about 6000 and 20,000
Angstroms. The second dielectric 1éyer 20 comprises a low
dieléctric constant inorganic.material, such as fluorinated
silicate glass (FSG), carbon-doped FSG, nitrogen-doped FS34G,

CORAL, BLACK Diamond, Z3MS, XLK, and HSQ. The dielectric



as well. Referring nowto Fig. 17, a second photoresist |ayer,i f%ﬁiﬁ
‘over the second dielectric layer 20 and patterned to forn1the°§ﬁ6 i st
mask 29 having a trench pattern. The trench and via patterns are etched
si mul taneously into the second dielectric |ayer 20 and the “first
dielectric layer 18, respectively, as shown in Fig. 18. Since the two
dielectric layers conprise different ﬂpterlals t wo etchlng reC|pes must .
~be used, one for the organic ------------ - e---- R 06 JUL
2Ws 15 material and another for the inorganic naterlal The phot or esi st
mask zgnﬁsanénahedldlbavlags thancabplet 8dsduahl dasrnscenerppesnags 32,
shown in Fi The process of the invention has forned the dual
danasE&Rgt gbéh?ﬁ§§lﬁsiﬁ§eﬁ doubfebeaypproénionaddetibet secosanst ant

“mat er i als &E gh dielectric constant nmaterial was used as an etch stop.
Theref 8V8r 8 gaBﬁcPFﬁﬁEécrs mai nt ai ned. Processing continues as is
conventional in the “art to fill the damascene openings 32. For exanple,-a
“barrier nmetal .l ayer, not shown, is typically deposited over the third

' d|9|eCtr'C |ayer andR@EE?kﬂnEhEOQpﬁglgga fSnegaphotore51st layer
is coated over the second dlelectrlc layer 20 and patterned
to form a photoresist mask 25 for the via pattern, TheW'
second dielectric layer 20 is etched where it is not co;ered
by the photoresist mask 25 to form the via pattern, és sﬁown
in Fig. 16.“ The photoresist mask 25 is remaoved. If the
second dielectric layer is'ag organic layer, a hard mask must
be used instead of the photoresist mask since subsequenﬁ

removal of the photoresist will damage the organic material

as well.

Refer:ing now to Fig. 17, a second photoresist

layer is coated over the second dielectric layer 20 and

patterned to form the photoresist mask 29 having a trench

pattern.

The trench and via patterns ére etched
simultaneously into the second dielectric layer 20 and the
first dielecgfic layer 18, respectively, as shown in Fig. 18.
Since the two dielectric layers comprise different materials,

two etching recipes must be used,'one for the organic LT



| ayer, such as copper, is fornmed within the openings,-such as-: 3y L
sputtering, electroless plating, or electroplating, for exanp _qugﬂﬁ_
excess netal may be planarized to conplete the netal fill 34, as shown in
Fig. «19. The process of the present invention provides three sinple and
manuf act ur abl e dual damascene processes where only |ow dielectric constant
;materials are used. No high dielectrig constant materials are required as

—————— i

etch. stops. .The process of the invention uses a novel double |ayer of low-

di el AT Lo i S T FSIHhIATIC MRS @ e -openings in the
manuf acture of integrated circuits. 0 6 JUL 2005 16 Wile the invention
has been particularly shown and described with reference to the preferred

enbodi ment s t hereof ,piid ﬂﬂééogggiggkﬁéggxgbt&@t}gﬁg%éaq!ﬂégxiﬂdlthe-art

that various changes in formand details may be -nade w thout departing
from¢he spifldteDddsCONBasddiee dfMeiigoOm2) shaddh Z2OFily. AA M5 - 1. A

nmet hod of form ng dual damascene openings in the fabrication of an
i Nt egrisd geraceculidf digve cencampiosimgs formed the dual damascene -
Qpenings using a double layer of low dielectric constant

'materials. No high dielectric constant material was used as

an etch stop. Therefore, low cagacitance is maintained.

Processing continues as is convéntional in the
art to fill the damascene openings 32. . For example, a
barrier metal layer, not éhown,_is typically deposited over
the third dielectric layer and within the openings. A metal
‘layer, such as copper, is formed within the o@eﬁings, such as-
by sputtering, electroless plating, or electroplating, fbr
| example. The excess metal may be planarized to complete the

metal £ill 34, as shown in Fig. 19.

Thé process of the present invention provides
tQIee'simple and manufacturable dual damascene processes
wﬁerg only low dielectric constant materials are used. No
high dielectric constant materials are required as etch
stops. The process'of the invention uses a novel doubie
layei of low dielectric constant materials to form dual

damascene openings in the manufacture of integrated circuits. .-

=



-providing netal- lines enbedded in a passivation |ayer overlyla%
sem conduct or substrate; depositing a first organic di‘el ectric @@TZMS :
overlying said insulating |ayer; depositing a second inorganic dielectric
| ayer overlyi-ng said first dielectric layer wherein no etch stop layer is
formed between said first and second dielectric |ayers and wherein both -
'said first and said second dlelectrlﬁslayers have a dielectric constant.

less than 3.5; etchi a pattern into s seco d di.el ectric |ayer;
et chi ng sal d vi a pat"{%’g’r]ﬁ |trlf’t o EuidY |°rn'5t < Z’Iee& A pltﬁ’a ng patterned
- sald secandul datlihied Wi 3 A ANGHDgReaA! \ﬁndEtCh' ng a trench

pattern |nto sal d second 1 norganic |electr|c l'ayer erein said first

di el egidLidavel BdSeds, @ fioh 5d A do- S e aRidd fanning of said

dual damascene openings in the fabrication of sald integrated circuit

devi cin the Thet maidiodreacionirsi digariae O @i nidod uidd efe GO ingiynde or m ng

sem conduct or device structures including gate el ectrodes and source and

dr ai madgiwiishdut abrepHrtised dof semi Tonderioit subbtseimee wherdien said netal

- lines overlie and contact .said sem conductor device structures. 0 6 JUL
2605 1n®eBtidghe net hod according to Caim1 wherein said first organic

dielectric layer conprises polyimdes, hydrido organo sil oxane



pol ymer, pol yphenyl ene pol yners, poly(arylene) ethers, benzocy bﬁgﬂiﬁﬁﬁi
nmet hyl si | sesqui oxane, or organic polyners. 4. The nmethod accor ai m
1 wherein said second inorganic dielectric |ayer conprises carbon-doped

oxi des, silicon oxide-based lowk filnms, fluorinated silicate glass,
carbon-doped fluorinated silicate glass,,nitrogen-doped fluorinated
silicate glass, trinethylsilane fluorinated silicate glass, or hydrogen

si | sesqui oxane based materials. 5. The nethod according to Claim1l further
conmprising filling said dual damascene openings with a netal layer. 6. A
met hod of form ng dual damascene openings in the fabrication of an
integrated circuit device conprising: P¥e¥fding netal |ines enbedded in a
passi vati on | ayef ™5pet |9 Fl‘brmén%éjt‘f’?gdjﬁ&ﬁicteﬁﬁ FEBEIHTat o thEFEST A &5F i r st

organic dielecjri.c. | r, overlyi ng.sai i.nsul ating | ayer; depositing a
second inorgan%élﬁf%ﬁ%ﬁ%ﬁ?ég?ﬁgé%géééf%$$%§§g%aid first dielectric |ayer

wherein no etch stop | gyRkqirg horaredincReimpessah d bhiskhang sgeend
dielectric layers and wherein both said first and said second dielectric
| ayers have a eliselegtor & cepdrsttantor bwssritgan 3.5; 0 6 JUL M 19 etching a

trench pattern into said second dielectric |ayer; _ ,
depositing a first organic dielectric layer overlying said

insulating layer;

depositing a second inofganic dielectric layer overlying
said first dielectric layer wherein nc etch stop layer is formed
between said first and second dielectric layers and wherein both said
first and said second dielectric layers have a dielectric constant
less than 3.5;

etching a via pattern into said second dielectric layer:

etching said via pattern into said first dielectric layer
using patterned said second dielectric lavyer as a mask; and

thereafter etching a trench pattern into said second
inorganic dielectric layer wherein said first dielectric layer acts as
an etch stop to complete said forming of said dual damascene openings

in the fabrication of said integrated circuit device.

2. The method according to Claim 1 further comprising forming
semiconductor device structures including gate electrodes and source
and drain regions in and on said semiconductor substrate wherein said

metal lines overlie and contact said semiconductor device siructures.




and thereafter etching a via pattern into said first organic 8ielﬁftric
| ayer through said trench pattern to conplete said formng of ;
darmascene openings in the fabrication of said integrated circuit device.
7. The nethod according. to Claim6 further conprising formng

sem conduct or device structures includingggate el ectrodes and source and

drain regions in and on said sem conductor substrate wherein said netal
lines overlie and contact said sem conductor device structures. 8. The
met hod according to Claim®6. wherein said first organic dielectric |ayer
conprises polyimdes, hydrido organo sil oxane polyner, polyphenyl ene

pol ymers, pol yfaryf eteyoerhersiing BenZeeycl obetdnesaidetingk sidaselsyui oxane,
organic polyners. 9. The nethod accordlqg to Claim6 wherein said second

inorganic  di eFJeeclteF?rclﬂ LR/8F CORPHICS e APIEN: QORBoRT4ES =PFitEon
oxi de-based | gueof LBBonbhiianb NA o8I | iigal £.0la%s, -Garbon- doped

fluorinated S|I|cate glass, nitrogen-doped orinated silicate glass,
tri met hyl si | angerfzbuafliohaterd, sinktioakel glsasisxans, by diagenr: solwesgui oxane
based materials. 10. The nethod according to Claim6 further conprising
filling said dual danmascene openings with a netal l|ayer. 08JUL20 20 11.

met hod of for n}p%hgumaélthoc?ggggredgrelg %pe@laqgsl wpxe;_gqu ga% rlsé:c%'\[nd 1nox(_?c;];an1c

dielectric layer comprises carbon-doped oxides, silicon oxide-based
low-k films, fluorinated silicate glass, carbon-doped fluorinated
silicate glass, nitrogen-doped flucrinated silicate glass,
trimethylsilane fluorinated silicate glass, or hydrogen

silsesquioxane based materials.

5. The method according to Claim 1 further comprising f£illing saig

dual damascene openings with a metal laver.

6. A method of forming dual damascene openings in the fabrication of
an integrated circuit device comprising:

providing metal lines embedded in a passivation layer
overlying a semiconductor substrate;

depositing a first organic dielectric layer overlying said
insulating layex;

depositing a second inorganic dielectric layer overlying
said first dielectric layer wherein no etch stop layer is formed
‘between said first and second dielectric layers and wherein both said
first and said second dielectric layers have a dielectric constant

less than 3.5;

or



a passivation layer overlying a sem conductor substrate; depo

first organic dielectric layer overlying said insulating |ayer; depositing
a second inorganic dielectric layer overlying said first dielectric |ayer
wherein no etch stop layer is formed betyyeen said first and second
dielectric layers and wherein both said first and said second dielectric

| ayers have a dielectric constant |ess than 3.5; etching a via pattern
into said second di el eetdhifglayesnchapdtesi MU aneouskynebchicbgrisal 4e¢; a
pattern into said first dielectric |layer and etching a trench pattern into
said second i@etganic dielectric |ayer wherein one etching recipe is used
for said first dlelectrlc and a different etch|Q% reC| e is used for

said second dielectri&® ?rﬁﬁg?ey %tccf‘éf‘r?)l %t L3FFForfitAdg Hgaric

damascene openingscin ot D8 ofL-alrbeal s QEer&%' £l RELGN aé&&ll&éer Q!a'i& follf¥kCe.
12. The method according to Caim11 further conprising formng

sen conduct or deumme<B®Iummmmﬁﬁe|@mhudﬁngagaéemﬁkﬂﬁ&ﬁ@des and sadgeaedand
drain regions in and on said sem conductor substrate wherein said netal
lines overlie &hFébriedtte-sai d sem conductor device structures. 13. The
nmet hod according to Caim1l wherein said first organic dielectric |ayer
conpri ses polyimdes, hydrido organo sil oxane

7. The method according, to Claim 6 further comprising forming
semiconductor device structures including gate electrodes and source
and drain regions in and on said semiconductor substrate wherein said

metal lines overlie and contact said semiconductor device structures.

8. The method according to Claim 6 wherein said first organic
dielectric layer comprises polyimides, hydrido organc siloxane
polymer, polyphenylene polymers, poly(arylene) ethers,

benzocyclobutene, methylsilsesquioxane, or organic polymers.

9. The method according to Claim 6 wherein said second inorganic
dielectric layer comprises carbon-doped oxides, silicon oxide-based
low-k films, fluorinated silicate glass, carbon-doped fluorinated
silicate glass, nitrogen-doped fluorinated silicate glass,
trimethylsilane fluorinated silicate glass, or hydrogen silsesquioxane

based materials.

10. The method according to Claim 6 further comprising f£filling said

dual damascene openings with a metal layer.

an integrated circuit device conprising: providing netal I|nesgsqﬁﬁgded in

BN



pol ymer, pol yphenyl ene pol yners, poly(arylene) ethers, benzoc cloqﬁtene,
met hyl si | sesqui oxane, or organic polynmers. 06JUL2MS 21 14. T a5
according to Claim11l wherein said second inorganic dielectric |ayer

conpri ses carbon-doped oxides, silicon oxide-based |owk filns,
fluorinated silicate glass, carbon-doped f, uorinated silicate glass,

ni trogen-doped fluorinated silicate glass, trinethylsilane fluorinated
silicate glass, or hydrogen sil sesqui oxane based materials. 15. The net hod

according to Chai m déinbairdrhesrng papibsidagaddeht i pegnsdjsdin dHal cadammseaner
openings with a netal layer. 16. A nethod of form ng dual damascene
openi ngs i n t hes fiabedreaed carefit eavirmtoegedtseédecircuit device conpri sing:
providing nmetal |ines enbedded in _a_passivation |ayer overlying a

sem conduct or subst r at B*Od8pYE METHY T i PELRTor§ahPESHiver &t F8TI ayer

overlying saidg,dAsulAli N0 LAYEE . dEPQsLLINT @ second organic dielectric
| ayer overlying said first dielectric |ayer wherein no etch stop |ayer is

formed between said fh&ssisiang setiest dgeliectidiect ayersycanscaheiei saikot h
said first and said second dielectric |layers have a dielectric constant
| ess than 3.5insgehingglaye¥ia pattern into said second dielectric |ayer;

depositing a second inorganic dielectric layer overiying
said first dielectric layer wherein no eich stop layer is formed
between said first and second dielectric layers and wherein both said
first and said second dielectric layers have a dielectric constant
less than 3.5;

etching a via pattern into said second dielectric layer; and

simultaneously etching said via pattern into said first
dielectric layer and etching a trench pattern into said second
inorganic dielectric layver wherein one etching recipe is used for saig
first dielectric layer and a different etching recipe is used for said
second dielectric layer to complete said forming of said dual
damascene openings in the fabrication of said integrated circuit

device.

12. The method according to Claim 11 further comprising forming
semiconductor device structures including gate electrodes and source
and drain regions in and on said semiconductor substrate wherein said

metal lines overlie and contact said semiconductor device structures.

13. The method according to Claim 11 wherein said first organic
dielectric layer comprises polyimides, hydrido organoc siloxane
polymer, polyphenylene polymers, poly({arylene) ethers,

benzocyclobutene, methylsilsesguioxane, or organic polymers.




etching said via pattern into said first dielectric |ayer USiﬂg'ﬂﬁ;h@ﬁnEd
said second dielectric layer as a mask; and thereafter etching

pattern into said second inorganic dielectric |ayer wherein said first
dielectric layer acts as an etch stop to conplete said form ng of said
dual damascene openings in the fabricatign of said integrated circuit

devi ce
formn
source
sai d

. 06JUL2
g senmc

and dr
nmetal |i

O 22 17. The nethod according to Claim 16 further conprising

onduct or devi ce structures including gate el ectrodes and
ain regions in and on said sem conductor substrate wherein

nes overlie and contact said senm conductor device structures.

18. The net hodl4acd&os diehlpdt ac@rdita 16 GAaer ditnvisaiedn fsiei & tsererst dagrigenic
dielectric Lay

filnms,

fluorin

r conprises carbon-doped oxjdes, silicon_oxide-based | owk
‘gjt""éa‘”rs?‘éﬁ 8 GIMREY S BON- I8P d*t 19Por i HAt & 95 R4t

gl ass, nitrogefsdeped,f] uatinated; silical &:958SarndhlhdmREMISL] ARE, |
fluorinated silicate glass, or hydrogen silsesqui oxane based nmaterials.

19. The et hodsaadest«dighgsst, oniEragen-16pash €r@irinSakddsigeeodrd gDasgani ¢
dielectric layer conprises polyimdes, hydrido organo siloxane polyner,
pol yphenyl ene poirgrBrsilansl {uerytane)sidttrsglasenzscrdtoben eabsesquioxane

nethylsiIsesquggégqgﬁegLﬂ%rganic polynmers. 20. The nmethod according to
Claim 16 further conprising filling said dual danascene openings with a

net al

| ayer.

15. The method according to Claim 11 further comprising filling said

dual damascene openings with a metal layer.

16. A method of forming dual damascene openings in the fabrication of
an integrated circuit device comprising:

providing metal lines embedded in a passivation layer
overlying a semiconductor substrate;

depositing a first inorganic dielectric layer overlying said
insulating layer;

depositing a second organic dielectric layer overlying said
first dielectric layer wherein no etch stop laver is formed between
said first and second dielectric layers and wherein both said first
and said second dielectric layers have a dielectric constant less than
3.5;

etching a via pattern into said second dielectric layer:

etching said wvia pattern into said first dielectric layer

using patterned said second dielectiric layer as a mask; and

thereafter etching a trench pattern into said second
inorganic dielectric layer wherein said first dielectric layer acts as
an etch stop to complete said forming of said dual damascene openings

in the fabrication of said integrated circuit device.




21. A nmethod of form ng dual damascene openings in the fabrica@hoguo&pian
integrated circuit device conprising: providing netal lines e

passivation |layer overlying a sem conductor substrate; depositing a first
inorganic dielectric layer overlying said insulating |layer; depositing a
second organic dielectric |ayer overlying,said first dielectric |ayer
wherein no etch stop layer is forned between 0 6 JUL 20 23 said first and
second dielectric layers and wherein both said first and said second
dielectric layers have a dielectric constant less than 3.5; etching a
trench pattern into said second dielectric layer; and thereafter etching a
via pattern intb 3bs dethadspcenrghr g0 Qiegh dét fli?{ﬂhPJa)FeFlpitihfiﬁljghﬂSi@i‘Jd trench
pattern to conp Iete(fald f.orm of said dual damascene openin in the

n
fabrication of Ut ¥y FatsE gtcﬁufﬁlﬁﬁets HPERe 3° e hetSiod” 88‘6‘?3& ng to

Caim21 furthefy GPIRr E&d:R8s FQr Mdgn S87 LARAUGHLOF o EM 58 & LHGIYE B 14
including gate el ectrodes and source and drain regions in and on said

sem conduct or sethstriake ovkerie Angabttacieidld bédmesndavest ideviaRdstoantaets. sai d
sem conduct or device structures. 23. The nmethod according to Caim?21
wherein said first inorganic

18. The method according to Claim 16 wherein said first inorganic
dielectric layer conmprises carbén—doped oxides, silicon oxide-based
low-k films, fluorinated silicate glass, carbon-doped fluorinated
silicate glass, nitrogen-doped fluorinated silicate glass,
trimethylsilane fluorinated silicate glass, or hydrogen silsesquioxane

based materials.

19. The method according to Claim 16 wherein said second organic
dielectric layer comprises polyimides, hydrido organc siloxane
polymer, polyphenylene polymers, poly{arylene) ethers,

benzocyclobutene, methylsilsesquicxane, or organic polymers.

20. The method according to Claim 16 further comprising filling said

dual damascene openings with a metal layer.

21. A methed of forming dual damascene openings in the fabrication of
an integrated circuit device comprising:

providing metal lines embedded in a passivation layer
overlying a semiconducteor substrate:

depositing a first incrganic dielectric layer overlying said
insulating layer;

depositing a second crganic dielectric layer overlying said

first dielectric layer wherein no etch stop layer is formed between



dielectric.layer conprises carbon-doped oxides, silicon oxide-ﬁgggﬁtQEEMkk
films, fluorinated silicate glass, carbon-doped fluorinated s

gl ass, nitrogen-doped fluorinated silicate glass, trinethylsilane
fluorinated silicate glass, or. hydrogen silsesqui oxane based materials.
24. The method according to Caim 21 wher,gi n said second organic
dielectric |ayer conprises polyimdes, hydrido organo sil oxane polyner,
pol yphenyl ene pol yners, poly(arylene) ethers, benzocycl obutene,

met hyl si | sesqusfixane;stOdndOEgait CAiRAEWTRE SLaydbs ahfiashaed BodoaC eardirngstt O
Claim21 further conprising filling said dual danascene openings with a
metal |ayer. O8rdjEpiD@gecpy Fglegtnist hydrofhatoraniiig)edunic denrsternesppdpnngs
in the fabrica Hgn of an integrated circuit device conprising: providing
nmetal |ines enbedded in a passivation |layer overlying a sem conductor

substrate; depositing g.dhihgta LR ARG GhECLLLE JBYRS 4PMRELYING.Ral d
i nsul ating |l ayer; depositing a second organic dielectric |ayer overlying

said first diekectric | ayer wherein no etch stop layer is fornmed between
said first and second dielectric |ayers and wherein both said first and
sai d second di el ect ri ctherpefernai@ias di & @RFIT com$Paiitid| Bgstt47gaAnia. 5;

dielectric layer through said trench pattern to complete said forming
of said dual damascene openings in the fabrication of said integrated

circuit device.

22. The method according to Claim 21 further comprising forming
semiconductor device structures including gate electrodes and source
and drain regicns in and on said semiconductor substrate wherein said

metal lines overlie and contact said semiconductor device structures.

23. The method according to Claim 21 wherein said first inorganic
dielectric layer comprises carbon-dcped oxides, silicon oxide-based
low-k films, fluorinated silicate glass, carbon-doped fluorinated
silicate glass, nitrogen-deped flucrinated silicate glass,
trimethylsilane fluorinated silicate glass, or hydrogen silsesquioxane

based materials.

24. The method according to Claim 21 wherein said second organic
dielectric layer comprises polyimides, hydride corgano siloxane
pelymer, polyphenylene polymers, polylarylene) ethers,

benzocyciobutene, methylsilsesquioxane, or crganic polymers.

25. The method according to Claim 21 further comprising filling said

dual damascene openings with a metal layer.




etching a via pattern into said second dielectric |ayer; and

simul taneously etching said via pattern into said first dielégﬁrﬂg-ﬂu§er
and etching a trench pattern into said second inorganic dielectric |ayer
wherein one etching recipe is used for said first dielectric layer and a
different etching recipe is used for said, second dielectric layer to
conplete said form ng of said dual danascene openings in the fabrication
of said integrated circuit device. 27. The method according to C aim 26
further conprising form ng sem conductor device structures including gate
el ectrodes and source and drain regions in and on said sem conductor
substrat e wher éfnasadtdod st Brmippalyabrerpseenarmbeebiwsatt thaifdbsigritéonddct or
device structures. 28 The nethod according to Caim21 wherein said first
i nor gani ¢ die?%df??%mfgyé?r%ﬁﬁp‘T@%%c?ﬂ?ﬁﬁggﬁbped oxi des, silicon

oxi de-based | owt K i | By LlhohEDAL etheal Likalies Ghassas satbon- daped
fluorinated 06JUL20 25 silicate glass, nitrogen-doped fluorinated silicate
gl ass, trinetbysylane fdnicsidnateadssideirgat;e gl ass, or hydrogen

si | sesqui oxane based materials. 29. The nethod according to C aim 26
wherein said second or §erfiséting el deetilooreper Eohprtirdesaget Wivpigésy s#jdri do

or gano siloxan§n&BgL¥nE{aegplyphenylene pol ynmers, poly(arylene) ethers,
benzocycl obut ene, nerﬁy Si 1 §esqui oxane, or organic pol ymers.

depositing a second crganic dielectric layer overlying said
first dielectric layer wherein no etch stop layer is formed between
said first and second dielectric layers and wherein both said first
and said second dielectric layers have a dielectric constant less than
3.5;

etching a via pattern into said seccond dielectric layer; and

simultaneously etching said via pattern into said first
dielectric layer and etching a trench pattern intc said second
inorganic dielectric layer wherein one etching recipe is used for said
first dielectric layer and a different etching recipe is used for said
second dielectric layer to complete said forming of said dual
damascene openings in the fabrication of said integrated circuit

device.

27. The method according to Claim 26 further comprising forming
semiconductor device structures including gate electrodes and scurce
and drain regions in and on said semiconductor substrate wherein said

metal lines overlie and contact said semiconductor device structures.

28. The method according to Claim 21 wherein said first inorganic
dielectric layer comprises carbon-doped oxides, silicon oxide-based

low-k films, fluorinated silicate glass, carbon—-doped fluorinateg



30. The nethod according to O ai m 21 further conprising filli ng sﬁgﬂual
damascene openings with a netal |ayer. 6

25

silicate glass, nitrogen—-doped fluorinated silicate glass,
trimethylsilane fluorinated silicate glass, or hydrogen silsesquioxane

based materials.

29. The method according to Claim 26 wherein said second organic
dielectric layer comprises polyimides, hydrido organc siloxane
polymer, polyphenylene polymers, poly(arylene) ethers,

benzocyclobutene, methylsilsesquioxane, or organic polymers.

30. The method according to Claim 21 further comprising filling said

dual damascene openings with a metal layer.



