; e3ei & , Fr*6T&NY1 *159159* - 1 DOUBLE- LAYERED LOW DI ELECTRI C CONSTANT
DI ELECTRI C DUAL * RELATED PATENT APPLI CATION U.S. Patent Application
Serjal # (CS-00-024) to QS. Fong et al. BACKGROUND OF TH mﬂﬂmmwmm 1)
Field of the Invention The invention relates to a method ion
in the flabrication of integrated circuits, and nore particul afigyse« tO0 @
nmet hod of dual damascene netallizatkon using | ow dielectric constant
mat er i al SOUBLENSAYEREPa &OWr & IHLECTRIGr SONS TeNTe BLELECTRICDOVAL] ption of the
Prior Art The damascene_or dual damascene process has becone a future trend
inintegrated circuit nRAPIHENE HETHODvecially in the coppﬂlmmummmmmi on
process. These processes are discussed in ULSI Technol ogv,
Sze, The McGaw Hi |l Conpanies, Inc., NY, NY, c. 1996, pp. 444442t 0W
di el ectric constant g&&ighﬁ $A1%E Resn, RaReRed as the dielectric
materials in order tO réduce capacitance.ﬁ|1 t he conventional danmascene
schene, one or nore etch stop and/or barrier layers conprising high
dielectric constant materials, such as silicon nitride, are required. This
defeats the purpose of,st.headtewtdixgAGldate BORHrdnRl R )% ﬂfﬁ%ls desired
to find a process which does not require a high dielectriic constant etch
st op/ lj@soer-okkayerto Q.S.. Parentet6,4104, 883 to Yu et al shows a dual
damascene net hod without an etch stop layer. U S. Patent 6,083,822 to Lee
shows a dual damascene nethod using a thin silicon nitride etch stop |ayer.
U S. Patent 6,025,259 to Yu et al discloses a dual damascene nethod wth
etch stop layers. U. SACHGROYNDG OF7 THEOINVENHAY shows a met hod using an
etch stop layer. U S. Patent 5,635,423 to Huang et al teaches various
met hods of form ng a dual damascene opening. An etch stop |layer such as
silic nit.ri.de qr polysilican is used. U S. Patents 5,935,762 to Dai et al
and 5?3‘?7IF f6 S%Dgg%ﬁiﬁﬁ%¥ﬁﬁm%le mask sel faligned process using a silicon
gi tri d.e. etch stop | ayer, i%‘vse'nta%tneq'te 5a’t|7eAé1’t%2% tQe %itdn & al discloses a
ual -''damascene process using a tantalumnitride etch stop |ayer.

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 process. These

processes are discussed in ULSI Technology, by Chang and Sze,

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. In



3 - SUWVARY OF THE | NVENTI ON A princi pal object of the present invention is
to provide an effective and very manufacturable nethod of netallization in
the fabrication of integrated circuit devices. Another object of the
invention is to provide a dual damascene netallization process using |ow
dielectric constant materials. Yet another object of the inventionis to
provigﬁFa dual ganas&eﬁ% nmetal lizat2on process using di,electric

t

const b EPPErE _ W?sﬁgpﬁgs _ F@H &Fglggiﬁpgebgﬁg A RtC8 ch stop
mat er hﬁ|d- o? bucthal 9aLact %fomy}‘i 'i%l‘éegﬁ' AN 4381 VI %[sq:a%l_um e | ayer ed
e éc ric oA datas I

| ow d constant materi cene netallization process. A

sti |l phykthan obiseeh Al The jIREReN deS b2 PIRAK G & doullg | ayered | ow

dielectric constant material via first dual damascene netallization

procegafeats ARQ! peirpRicedlf dhel NQW MMANH@TiicS doh st @Rtk rdaul e | ayered
| ow dielectric constant material dual
It is desired to find a process which does not require a high

dielectric constant etch stop/barrier layer.

U.S. Patent 6,004,883 to Yu et al shows a dual
damascene method without an etch stop layer. U.S. Patent
6,083,822 to Lee shows a dual damascene method using a
thin silicon nitride etch stop layer. U.S. Patent
6,025,259 to Yu et 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 methods of forming a dual
damascene opening. An etch stop layer such as silicon
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-
aligned process using a silicon 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.



trench first damascene netal lization process. Yet another object of the
invention is to provide a double |ayered |low dielectric constant materi al
sel.f-aligned dual damascene netallization process. In accordance with the
objects,of 'this invention a double |ayered |ow dielectric constant nateri al
dual damascene netallization process is achieved. Metal |ines are provided
covered by an insulating,|layer overBying a sen conductor substrate. A first
organic dielectrit |aye%UWE%ﬁQbéﬁiF (ﬁhy Nf the insulating |ayer. 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 | ayer.... Iha t1 i t i Jd I St.
dielectric layer usi )ré‘g ptrﬁglt%gﬁ\%lero%g’f Cgtrec%ofna:h% gﬂ'}fg%teﬂ'%tcgny%g}él% a Smask.

Ther eabt @hrova dief @RCR RAIdENME Iah®Wd18A rdid dc i@ bIRE YA HIW NI C
dielectric layer to conplete dual danascene openings. In a second nethod, a
trenchepaliiiezatisnetiphatd Habrtitatseeord dirtleptdded laesuitlhereafter, a
via pattern is etched through the second inorganic dielectri'c |layer and the
first devgaeisc dielectric |ayer to conpl ete dual danascene openings. In a
third method, a via pattern is etched into the second dielectric |ayer.
Then, sinultaneously, the via pattern is etched into the first dielectric

| ayer and a trench pattern is _etched into the second inorganic dielectric

| ayer to conpl ete dudPFhfds ARETHe e imvend iR 19 RFvide

i ntegrated._circuit device. .BRI EF DESCRI PTI ON CF TH W NGS I n the
accogﬁafﬁ}“ﬁ}g FrARFTE F@&I’ﬁ 225 REACSRE (1S9 ﬁlog%segﬁ 53%n, there is
shown:, Figs. .1 thrqu 7 schematically illustrate in cross-sectional
repreggﬁfgﬁpgnm FF%?Sﬁreferred enbodi mrent of the dual danmascene process
of the present invention. Figs. 8 through 13 schematically illustrate in
crass-sectional representation a second preferred enbodi nent of the dual

damascene process of ylhe JHASRH duMRY IdiN t1fd Ghvektildi augh ol

schematically illustrate in cross-sectional representation a third

pr ef epiresigrbedidi@nt deimddtRndl e tdAMATEA IO HrerREs Pudiiy prRsent
I nventi on.
dielectric constant materials without using a high

dielectric constant etch stop material.

A further object of the invention is to
provide a double lavered 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.



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention provides a
doubl e layered low dielectric constant materi al dual damascene process. A
high dielectric constant material etch stop/barrier layer is not required
in the process of the present invention. The present invention is described
for three preferred enbodinents. In the first preferred enbodinent, a via
first dual damascene process is desgribed with reference to Figs. 1-7. In
the second pref err edPBfREBEFnehi echk efefibR Anrentdonl igakAsBEAELPROCesS i
described with_reference to.Figs. 8-13. In the third preferred enbodi nent,
a sel?-%PPBH%dlEﬁﬁFeﬁaﬁﬁgc@hélgFBEégsCPgsaéEErWB@&r%PEth@ierence to Figs.
14-19, The first_ preferred enbodigent, .a via first dual damascene process,
will RBRPEB géEEFiBgﬁaﬁFFﬂer@Fngﬂgéafboﬁi8§9Cf§§f Ref erri ng now nore
particularly to Fig. 1, there is illustrated a portion of a partially
conpleted integrated circuit device. There is shown a sem conduct or

substrate 10, preferggkyaﬁggﬂg§egb?gcgng CEKEtthbﬂ%iéhlggoﬂo Sem conduct or

devi ces structures, such as gate electrodes, source and drain regions, and
net al ppeae0ANa6LS1eNhyekauN 10ar 8iboEERE ikh cand tantt hateerhgonduct or
substrate and covered with an insulating |ayer. Interconnection |ines, such
as  bdb@shibgneappeslotasbkenenmetppeszbitnes p4ockes.exanple, are forned
over the insulating layer and will contact sone of the underlying

sem conduct or device structures through openings in the insulating | ayer,
not shown. Now, a passivation or barrier layer 16 is forned aver the netal
| i nes and pl anari zed InNe@cordenkey wisht hes obfiecits pfeddids i nvention will
be described. A first _dielectric_layer 18 is deposited over the _barrier

| ayer 1B8ep§1ant Ri ERHRLS dPYBELHedRWaBdGE e660 Car@P St D0 "ARGStiAdns. This
dielegtric_layer 18 conprises.a |low dielectric caonstant organic material,
such S83pofgrREGELS ﬁ&éﬁ}1%F9ﬁ}°ﬁLRﬁEFe§éB}Sn@Fﬁﬁ@?@?Sesgﬁgggane (MSQ), or

any o LC I < Eh ielectric c .shoyl e .han _about
[ T S et L T A
bet“esamageﬂhu@QgQ %ﬂ%s%QaQ%Q ARQ%HEQ%Boré%ﬁi%GQQQidéﬁ%H%Chﬁ d gyger 20
conprises a low diel'ectric constant inorganic material, such”as fluorinated
silicakgoghasd bhebh ia%(r)%@- 49R%d ok 9%g NlabkedenadeRRESEncPeRM ¢ BLACK

D anond, Z3M5, XLK (by Dow Corning), and hydrogen sil sesqgi oxane (HSQ . The
di el egieleceenst adyeshayl debodiess Lhar1ghadt thed fiAstenallieeddic the first
dielectric layer could be inorganic and the second | ayer could be organic.

- Ref éayerg ndw bOfEirgt Aethophobowdsi phtheyer iiss etadiedd ioer thiee second
dielectric layer 20 and patterned to forma photoresist nmask 25 for the via
pat t espcofide ddedecd rdice|lleyeri.c MTapgewia0 pad terahds wiahed tinto ride cover ed
by the photoresist nmask 25 to formthe via pattern, as shown in Fig. 3. The

phot ofé&E&t digdRCEy iics lagegy 8§ingf thige redderdredi sesond diedpstyis an

organ&c | ayer, a hard mgsk must be used instead of the photoresist mask

si nce 1846Ze et BASKovall B6F SBtE FhoforeenSt BTt FhdGe SR es gati%
terial [T -t t d.di el ectri.c |
nar g e SPeHRg apblfepnl” REEDEE SRGRN SR G R OC  ayer 1,

as shawhaisRelfled opbniBYEE! I iTRY NAU A i, @ &5 RGUNLIP LGS St | ayer is
coated over the Second dielectric layer 20 and patterned to formthe

phot ohgSketich@@sknZd R RecANA 1@ eRalliey Naydd.er MHdRifterd hRard mask

coul d be used instead of photoresist. The hard nask material nust have

suf f i eiianpattelrns dlse @tchedy thaauaghe dhed sdtonddngayjanid eiediedtarimat eri al

deposited to prevent etching of the inorganic material during patterning.
layer and the first organic dielectric layer to complete dual

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



- The trench pattern is etched into the second dielectric |ayer 20, as
shown in Fig. 6. The etching recipe is chosen to etch the second dielectric
| ayer with a high selectivity to the first dielectric material. In this
way, the first dielectric material acts as an etch stop. The photoresi st
mask 29 is renoved, |eaving the conpleted dual damascene openi ngs 32, shown

in Fiqg. %{?&The r ss of on has fornmed the dual damascene
openi %(} ang dloq‘ Jtﬁ A¥ETi ¢ ant materials. No high
di el eclirl § GOSN mi_lheer t‘ész%d N PRy e n{ ore, low

i %
capacitance 1's mnul t‘ai ned. rocessi ng COI’l Inues asS 1s COI’]VG ional in the

z;(r): ;%of/(\almllécl S typ%?@epom té@o% eﬁ{e ?h)gﬂ%cg} ec?ect ric agiea'; a;nljayer,

Wit hi R ORI A R cd Beavict AT dRe dual Wdmdddi n the

openi ngs, such as by sputtering, electroless plating, or electroplating,

for expuiggsThe excesabEiaitiay df 4l anatdgetdd ciamplet addvicce netal fill
34, as shown in Fig. 7. The second preferred enbodi nent, a trench first
dual damascene process, wll now be described with reference to.Figs. 8-13.
Referring now nore particularly to Fig. 8 there is illustrated apportion
of a partially conpl &RER A iR Q@Y rQﬁu'RHEdéiBwNGﬁ]ere is shown a

sem conductor substrate 10, preferably conposed of nonocrystalline silicon.
Sem conduct or devices structures, such as gate el ectrodes, source and drain
regions, and netal gl[_t onnects, not sho%l’?vr:awY are fornmed in and on the

sem conduct or substr ed %%Qpé?peadlmrf% ?ﬂ'b”fgd

| nt er eGtjq0 nunto er lines 14
P44 NG ﬁ&’l cf’éﬁ &Pe“:]pee pp ,
for exanp eéa eéforrre ov e |nsu atl ng |l ayer an contact some of

t he underlying sem conduct or device structures through openi ngs in the

i nsul ating |ayer, not shown. Now, a passivation or barrier layer 16 is
formed over the netalridgdes] atrqlgnar i etbndNOVtalhe KepudEodty esn of the
present invention will be described. Afirst dielectric layer 18 is
deposidredsasmctiivndiarrepred aryteat ildn teo &itdt ghrelsr 0dd batlvedimeiout 6000
and 20,000 Angstrons. This dielectric |layer 18 conprises a low dielectric
const arft thegahial mMamasedne uodcess pof yike desesdifSE n&intG orl ARE, BCB, MSQ
or any organic polynmers. Next, a second |ow dielectric layer 20 is
deposited to a thickness of between about 6000 and 20,000 Angstroms. The
second dielectric layer 20 conprises a low dielectric constant inorganic
material, such as fl UokIhated-rovEntis @@W%W@llrﬂwm FSG

ni trogen-doped FSG CORAL, BLACK Di anond, Z3MS, XLK, and HSQ.

di el e IS SHEONE L HRRE TP IISOR 1S eERA %r%feW%%r?f%H? ’él‘%/“tt he first
di el ectt{] SGd I aé{} éjnlxd béané nor anic d the rsecond | ay coul d be organic.
Ref er 19 g fow 1 0. A pgho OT 651 S %/epr ?sseré%altré Ve? t he second
dielectric layer 20 and patterned to forma photoresist mask 29 for the
trench pattern. The second dielectric layer 20 is etched where it is not
covered by the photoresis! MRSthZSudw {Prdeidiati&OChy Pali@Efras SROWN in
Fig. 10. The photoresist mask 29 is renoved. If the second dielectric |ayer
i S an ior garuss - ssyEri orea har &b mesdn tatsi oben usleidrd nst efelrodd t he phot or esi st
mask since subsequent renoval of the photoresist will damage the organic
mat er iegtbotingnit ofRefle rdurl rdamascene pudcess set otk poeserti st | ayer is
coated over the patterned second dielectric |layer 20--and patterned to form
t he pHEYHESiAR- mask 25 having a via pattern. Alternatively, a hard mask
coul d be used instead of photoresist. The hard masK material nust have
sufficient etch selectivity conpared to the inorganic dielectric materi al
deposited to prevent etching of the inorganic



12 material during patterning. The via pattern is etched into the first
dielectric layer 18, as shown in Fig. 12. The photoresist nmask 25 is
renoved, | eaving the conpleted dual damascene openings 32, shown in Fig.
12. The.process of the invention has for.ned the dual danascene openi ngs
using a double layer of Iow dielectric constant materials. No high

dielectric cons ri.al u Therefore, | ow
capacitance is hgghﬁg?hggh 9?%@%@3%ﬁgF%®ﬁ%$n§g§BQ§&%5Tgonventional in the
art to fill the damascene openings 32. For exanple, a barrier metal |ayer,
not shown, is typically deposited over the third dielecfiric |ayer and

within the openi ngs. rAaTelaldhdyqhueitalnap 908G of ackgaed within the

openi ngs, such as by spuftering, electroless plating, or electroplating,

for exappkea 1B& @xegsstiBlal-citahe RladRdiadeduad GAAlslede he netal fill
34, as Shown in Fig. 13. The third preferred enbodi nent, a self-aligned
dual ¢dapaseene praeens divillelctraw kendeserd hedewilah feafcdyr ence to Figs.

14-19. Referring now nore particularly to Fig. 14, there is illustrated a
porti stopf/barmaet dlalyyrcdspnetted egquiiegdatied tdier puiccedeviofe.ththere is shown
a sem conduct or 13 substrate 10, preferably conposed of nonocrystalline
si | i conesseik doNEnEion -defiheePresendt dneentdgeh igs dgsca ibege tficgdes, source
and drain regions, and netal intercaonnects, not shown, are forned in and on

the s&RFEEnBEEESTTrSGhSMPRCEmRFScovdPedht st Prsfeskedy | ayer.

1, °1 SPOBRANGRE ) & Pored ootk RETHRGS A5 Tayort mi e aont act _Sore

of t heswaderlung semcanduct arAeviGe iy Ualdles dluaughppenings in the
i nsul ating ther, not™ shown.” Now,” a "passivation or barrier layer 16 is
fornme r: t @l e s 9 ard W A8 - features of the
prese%{ngi\sﬁ\}én%?&dnn%w rIer)b"g11 Eelscrl E%’?l E%‘?%scté}% gl ect rél%gyllgayer 18 is

deposigead aveid Wik adiden @ &o ¥ d0 @8-y cknessf tigtaeen about 6000
and 20,000 Angstrons. This dielectric |ayer 18 conprises a |low dielectric

const pile fergad enmiiddmealt, Fcle1ds-Ndlgtidd deml AR s@NK pridodids BCB, MsSQ
or any organic polyners. Next, a second |ow dielectric |ayer 20 is
deposiisedietsarad beld ekrds s edffe degtamedro dbigrg. GGGA%Nd 20, 000 Angstrons. The
second dielectric layer 20 conprises a low dielectric constant inorganic
material, such as fluorinated silicate glass (FSG, carbon-doped FSG

ni trogen-doped FSG CORAL, BLACK Di anond, Z3M5, XLK, and HSQ The
dielectric 14 consta® AN purfqred wnbedimank, 2 yiankigstati vely, the

first dielectric |ayer could be .inorganic and the second | ayex could be
organFH@l damascene process, will now be described with reference

to Figs. 1-7. Referring now more particularly to Fig. 1,

there is illustrated a portion of a partially completed
integrated circuit device. There is shown a semiconductor —~
substrate 10, preferably composed of monocrystalline silicon.
Semiconductor devices structures, such as gate electrodes,
source and drain regions, and metal interconnects, not shown,
are formed in and on the semiconductor substrate and covered

with an insulating layer. Interconnection lines, such as



Referring now to Fig. 15, a photoresist layer is coated over the second
dire?ectric layer 20 and patterned to forma photoresist nmask 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. 16.
The photoresist mask 25 is renoved. If the second dielectric layer is an

organic | ayer, a hard mask_nust be wsed instead of the photoresist mask
si ncetdnB8ERRenEOPBRBVAF BLURABUPNEPBPESI diNGS| L4dakREeKRBPLRgani ¢

material gs well. Refekrin now to Fig. 17, second photoresist lLayer is
Coat cAFBVEPTRAE GUEGNERA| AMEELARLORA)EYE0aRd it EPREACEoSPBENPE N

phot oy esi st .nmask .29 haang t%encg pattern. TQe tre% h ang via patterns
bro ofBRelnSFRIYEaTe 0l FOPRPS tPRe de8esRa SAFELERFFR: TAFBAE20 and the first

diel eg Eh?nbéyﬁﬁ ifle EE§HEQEF¥§L¥BX3§ SHBWPshgwﬁig- 18. Since the two

di el eCtric Fayers conprise ent hateria two etching reci pes nust be
used, one for the organic 15 material and another for the inorganic
material. The photoresist nmask 29 is renoved, |eaving the conpl eted dual
damascene openi ngs 3RowshawdakBikb@#ioh8orTbarpieeeisayal ttheignvention has
formed. t he dual damascene openings using a double |ayer of |low dielectric
const sotmedt eveal sheNaehaghldnekeahd plaanstiaet .maNewi, akheakeyrsed as an
etch stop. Therefore, |ow capacitance is maintained. Processing continues
as i sfestvresi ofialthenprhsealtt inyehitiiont wd ldabves deserdpedi.-ngd 32rsEor
exanpl e, a barrier netal |ayer, not shown, is typically deposited over the
t hi r dAdipépeErice LRYpEr LEndswieRPRitREe oFeni fe. PATFiea lpypsr 16stieh as
copper, is fornmed within the openiggfgi0 such_as by sputtering, electroless
e

h :
pl at i RgEhdFkBLRES: PEPPEERED RBPUEX angn 20a P00s ngstzrmzay BBLS| anari zed
to copgplete.the tal till 34, .as_sho in.Fig. .19. The process of the
preseﬁ?e?ﬁsgﬁ%FogggﬁgvﬁgegéﬁﬁFégegiﬁpﬁnwaﬁ&e&gﬁﬁféftﬁpgﬁlgn ual damascene
prOce8§§§nWEehﬁt%QE$lL°Ehﬂ eEgchhgiﬁﬂﬁiEanho@%ﬂe%&%&5 FapEsedcpho high
di el ectfic constant naterials are fequired as et'ch stdps. ¢ proless of

the i pyentign1daaguionavel (8euhl eqraxel ofghaWcdipehenkiisc comat ant
materials to formdual damascene openings in the manufacture of integrated

CircugislectifcWbiohethie shvend ®@e hassbeganpaboueulzasl.y shown and
described with reference to the preferred enbodi nents thereof, it wll be
understood by those skilled in the art that various changes in form and
details may be nmade wi thout departing fromthe spirit and scope of the
i nventi on. 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 a low

dielectric constant inorganic material, such as fluorinated
silicate glass (FSG), carbon-doped FSG, nitrogen-doped FSG,
CORAL, BLACK Diamcnd, Z3MS, XLK (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

organic.



17 CLAIMS: 1. A nethod of form ng dual damascene openings in the
fabrication of an integrated circuit device conprising: providing netal

|l i nes covered by an insulating |layer overlying a sem conductor substrate;
depositing a first organic dielectric layer overlying said insulating

| ayer; depositing a second inorganic dielectric |ayer overlying said first

dielectric | h [ d | ect I
Clahing Sai d via pat KBFRUFAPY SPA<f) FAg-dPel SePPOEOF Ayer CUArKE pat t o nod

d d, di.el K f hi h
;thefﬁcﬁﬁ?seégPﬁgiééﬁﬁds RorGante TaRtral 1avBELgl \Fh Bofokafel o
f d
| nt oo a 8078, Popfe Tyt RTEE BAS RSTERES 5%c%3§u5%g%b?§tkfgﬁ%l1S?Lrther

CO”préébaﬁdfeiahE€t§§E‘QQQQBCQQV1Qeék%ﬁe%I&H%%%f%% 1RChudi RgvEaka
el ectrodes and source and drain regions in and on said sem conduct or

subst p3t enuhphetBregigdtMRhak RENes Fvehl itheaRd aC@altdeirnsaiad s@BwWaONduUCt or
devi ce structures.

in Fig. 3. The photoresist mask 25 is removed. If the

second dielectric layer is an organic layer, a 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.



18 3. The nethod according to Claim1l wherein said first organic dielectric
| ayer conprises one of the group , containing: polyimdes, HOSP, SILK,
FLARE, BCB, 'MSQ and organic polyners. 4. The nethod according to Caiml
wher ei n+sai d second inorganic dielectric |ayer conprises one of the group
cont ai ni ng: CORAL, BLACK DI AMOND, FSG carbon-doped FSG, nitrogen-doped
FSG Z3Ms5, XLK, and HSQ ., 5. The lflod accordi ng to C ai her
congrising filling s ) %ﬁ%?c%aﬁgg The 6%e%#%%%&wi?$9aé%éﬂ%ﬁééééer. 6. A

mort ! | _ nr i a” et
me Oélafie%églf{r*%gg% 261aMBS CONGQPERT PO . 1 8, hﬂxé%é}?ﬁtxé%@{p@n

i nt egr evice conprising: providi ng ne I nes covered by an

i nsul 84 | Ao 4 &Y O o O¥EEh VERE e S6AH CQIBYEELEiEUDSYEAL @i tHEROBI§hNg a first
organic dielectric layer overlying said insulating |ayer; depositing a
secongkiswEpaitg thetestfiest ageeloveriyi ngtenidlfi ren thesecdyjc | ayer;
etching a trench pattern into said second dielectric |ayer; and thereafter
et chitige af irst pdiekectt bc omghesdall setsndsi anrghohcstorl ectric | ayer and
said first organic 19 dielectric layer to conplete said form ng of said
dual damascene openings in the fabrication of said integrated circuit
device. 7. The nethod according to Claim6 further conprising formng

sem conduct or devi ceTRerPRPLPESSIAEI NBFKg2Gat® EPBEYPAdele@an#MBour ce and

drain regions_in and o ai d sem conduct or bstrate wherein said netal
|1 nesth eFPFBLEREA CBRE LCHoBaFACREPEERINEE 0f 24e TN OWASLPUELEr cB: 8. The
ric |layer

th di i 6 i id_fi i i el
corpr B8P TRERET PR Bf o EBRERRnIAY. TEBRbRnt a8s FORbepAhEr ERAE Ll are s,
MBQ EBQnQKQQ“hQiRB'X”BBEble 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
layer, such as copper, is formed within the openings, such as
by sputtering, electroless plating, or electroplating, for
example. 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



9. The~-nmethod according to Caim6 wherein said second inorganic
dielectric |layer conprises one of the group containing: CORAL, BLACK

DI AMOND, FSG, carbon-doped FSG nitrogen-doped FSG Z3Ms, XLK, and HSQ 10.
The nethod according to Caim6 further conprising filling said dual
damascene openings with a metal [ayer. A met hod of form ng dual

dammseepe SPohigs 12 LPR.LobEL 3%0%09&1&@ bt gdpatetheigoult device

conpri’s oviding ne | Tnes” cover ed an rnsufating | ayer

OVer | Adflon & SEM CONMEL O SHDSLI B! Bo HEROST 1higods L1 Eburganic di el ectric

| ayer over ying said insul atTng ayer epositing a second i norganic

di el egdhi Coh@YEEPVEELYEPHSaLE, fbféfe?hﬁkﬁcébhﬁoéédeéf etching a via
pattern into said second dielectric | ayer ;" and sinultaneously etching said

Via pddeErys Dl sk Osilisdn (i es@aicbsdhiayer asdieéshstguettressh pattern
into said second inorganic dielectric layer to conplete said form ng of
sai d shah aksngstcenelependcdgs, | sotheef ahdi dadinnrefficsasd anfegetded circuit
device. 12. The nmethod according to Claim 11 further conprising form ng
seni comReecarnelels cenat rsisowm esaracfodnred gat ands ehetheodes and source and
drain regions in and on said sem conductor substrate wherein said netal

| i NesSYVEFPRAUGHAT cORPREYF2EQ| aNdeRP¥BRAGCYdERJBDI ¢RSYLaLERGr £3YCL3. The
met hod accor.dlngto Claim 11l wherein said first organlc di el ectric |ayer

compriREST GPROSFTIAR HIRED’ cBNERI AT NGURBBEGT M BREPEHCRP, @ SAPKDURT ARE,  BCB,
MSQ aqugégfgﬁgspfiynFor 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 polyimides, HOSP, SILK, FLARE, BCB, ~

MSQ, or any organic polymers.

Next, a second low dielectric layer 20 is
deposited to a thickness of between about 6000 and 20,000

Angstroms. The second dielectric layer 20 comprises a low



21 14. The nethod according to Claiml|.wherein said second inorganic
dielectric |layer conprises one o~ the group r containing: CORAL, BLACK

DI AMOND, FSG, carbon-doped FSG nitrogen-doped FSG Z3Ms, - XLK, and HSQ 15.
The net hod according to daimil further conprising filling said dual
damascene openings with a netal layer. 16. A nmethod of formning dual

dames4g05 AREILNGRALALRC  LANLLEAL! f0,0L.a0 | LB aLed BRLEHLL MoV ce

conpr IsSrng:” provi nes covere an-insdl atrng-rayer overlying

a senk¢@Rdychog1gubstFaks; @sesahthege_ %b&?tn&@QeggﬂLaoghal@g&fic | ayer
I posi t

overlying sardinsulating | ayer; de ing’a second organic diélectric

l'ayer coraLl yBRACKabd ahbhd!, €RMEECKLKG haWehBQet ChhRId3etbotRakt ern into
said second dielectric layer; etching said via pattern into said first

di el eebhs€ah@yghoustingepatker tBdnsabdusegosd dagkeehaitéveayer tag a nask;
and thereafter etching a trench pattern into said second inorganic
di el efirst Hapéecteicodpletre coaild ber inpggahisaadddihe dawmadene openi ngs

in the fabrication of said integrated circuit device.
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
second dielectric layer 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
removal 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 inorganic dielectric

material deposited to prevent etching of the inorganic



22 17. The method according to Claim 16 further conprising formng

sem conduct or device structures including gate el ectrodes and source and
drain regions in and on said seniconductor substrate wherein said netal

|l ines overlie and contact said sem conductor device structures. 18. The
met hod according to Claim16 wherein said first inorganic dielectric |ayer
conpri ses one of the group containing: 120RAL, BLACK DI AMOND, FSG

car bon-doped FSG 'nitrogen-doped FSG Z3Ms, XLK, and HSQ 19. The net hod
according to Claim 16 wherein said second organic dielectric |ayer
conprises one of the group containing: polyimdes, HOSP, SILK, FLARE, BCB,
MEQ afgtérgani dupdhy nessteZAindghe net hod according to Claim 16 further

conprising filling said dual damascene openings with a nmetal layer. 21. A
met hod of form ng dual damascene openings in the fabrication of an
integrated circuit device conprising: providing nmetal lines covered by an

insul ating | ayer overT§engia Béktesndiuet oEcRedsirbPeth@epdEFting a first
e S GEREC [REPBCLE T ooF apBOVDVARI bitg Lot d TResPRuTeresiftc Iaver:
Ther caf 28k &7 chrnbohbPRd. oLeRurRut B8 R e Lrhea RuRt ARBrE SRR Gl el oct ri c
sal ' PBFRER4E 2ol chnganth R ELe B8 Bk hEb ok s OEPEAR LR AT Y O

devi cenad?2¢othed ™BhB0duaecaniihigehe Shahthdd huihgen g8uBLkSiAgetorm ng
sem conduct or device structures including gate el ectrodes and source and

drain segiLensdiBlasdron sshdtaafl aanduehok . SuRst hagR whelekArsai d netal -

| ines overlie and contact said sem conductor device structures. 23. The
met hodcansbvadtngaterChai we2luskdr easnasaketichi ssbpi. norfgamedodeel éowri c | ayer
conprises one of the group containing: CORAL, BLACK DI AMOND, FSG

car boncdppedtEsce is, maintained.

Processing continues as is conventional in the
art to £ill 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
layer, such as copper, is formed within the openings, such as
by sputtering, electroless plating, or electroplating, for
example. The excess metal may be planarized to complete the*_

metal £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,
there is illustrated a portion of a partially completed

integrated circuit device. There is shown a semiconductor



ni t rogen-doped FSG Z3M5, XLK, and HSQ 24. The nmethod according to Caim
21 wherein said second organic dielectric |ayer conprises one of the group
cont ai ni ng: "pol yi m des, HOSP, SILK, FLARE, BCB, MSQ and organic pol yners.
24 25. The method according to Claim21 further conprising filling said
dual damascene openings wth a netal layer. 26. A nethod of farm ng dual
damascene openings in the fabrication ©f an integrated circuit device
conprising: providing nmetal |ines covered by an insulating |ayer overlying
a sem conductor substrate; depositing a first inorganic dielectric |ayer

over | yiigs $al e | NSVl & PG ABYET coflSPOsd L Andh SEEPIh OF BaNI & i &l et ric
| ayer overlying said first dielectric layer; etching a via pattern into

sal d seeRicbiiedest rdevi eyerstandt sl t anewusd yget€ hd Igcsddbsyj a pattern
into said first dielectric |ayer and etching a trench pattern into said
secontsoumtgaamd dir@imctegrohayeand onecoapl et eesconhdotrs) ngpofsisawnd, dual
damascene openings in the fabrication of said integrated circuit device. M
27. Thererefdhouedctorandgor otiTk asempPeotideeter swhptiateagpidredvyrred

sem conduct or device structures including gate el ectrodes and source and
drai n ¥EgRoR ImSBhAtHRIshrYUCEeni EBRHYLCPORESLDRR r hiReINePeFh 33 d net al
lines overlie and contact said, sem conductor device structures. 25 28.

The net¥RESBRRor GPRRCT o°8! At I STUHREYRP A shtdeFi t6t tor 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, & passivation or barrier layer 16 is
formed over the metal lines and planarized. Now, the key
features of the present ipvention 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 dielectr%c constant
organic material, such as polyimides, HOSP, SILK, FLARE, BCB,

MSQ, or any organic polymers.

Next, a second low dielectric layer 20 is
deposited to a thickness of between about 6000 and 20,000
Angstroms. The second dielectric layer 20 comprises a low
dielectric constant inorganic material, such as fluorinated
silicate glass (FSG), carbon-doped FSG, nitrogen-doped FSG,

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



I norgani c dielectric |ayer conprises one of the group containing: CORAL,
BLACK DI AMOND, FSG carbon-doped FSG nitrogen-doped FSG Z3Ms, XLK, and
HSQ 29. The nethod according to Claim 26 wherein said second organic
dielectric.layer conprises one of the group containing: polyimdes, HOSP,
SI LK, FLARE, BCB, MSQ and organic polynmers. 30. The nethod according to
Claim2l1 further conprising filling sdi4d dual damascene openings with a
metal layer. .A -~ A(L.An&y. A, .A 9. AL Aa‘ AN‘y Al N& . AYN& . A; . Aa&
.Ae. A& AlY . A0. AN. A . AN&2 . A% A&E . AaE

. ASEFHQREHA Y AR 54 28 cleﬂ%'fa]fé'hﬂfbaﬁlﬁﬁi%aﬁ c‘-‘a] ca”}]c‘éﬁ’iféitc“‘"éild’a] dd)%a] ca] ca] ca

] ca] Ca!.J:. aJtcaéleal]eCca r aJ Caely r] co lda]bCeTagrgoa ga xllcc;raalmd t/hvgqsresco d

layer could be organic.

Referring now to Fig. 15, a photoresist layer
is coated over the second dielectric laver 20 and patterned
to form a photoresist mask 25 for the via pattern. The
second dielectric layer 20 is etched where it is not covered
by the photoresist mask 25 to form the via pattern, as shown
in Fig. 16. The photoresist mask 25 is removed. If the
second dielectric layer is an organic layer, a hard mask must
be used instead of the photoresist mask since subsequent
removal of the photoresist will damage the organic material

as well.

Referring 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 are etched
simultaneously into the second dielectric layer 20 and the
first dielectric 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
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the third dielectric layer and within the openings. A metal

layer, such as copper, is formed within the openings, such as

by sputtering, electroless plating, or electroplating, for

example. The excess metal may be planarized to complete the

metal fill 34, as shown 1n Fig. 19.

The process of the present invention provides

o d

three simple and manufacturable dual damascene processes

Wwhere 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 double

layer of low dielectric constant materials to form dual

damascene openings in the manufacture of integrated circuits.
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While the invention has been particularly

shown and described with reference to the preferred

embodiments therecf, it will be understood by those skilled

in the art that various changes in form and details may be

made without departing from the spirit and scope of the

invention.
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1. A method of forming dual damascene openings in the
fabrication of an integrated circuit device comprising:
providing metal lines covered by an insulating
layer overlying a semiconductor substrate;

depositing a first organic dielectric layer
overlying said insulating laver;

depositing a second inorganic dielectric layer
overlying said first dielectric layer;

etching a via pattern into said second dielectric
layer;

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

thereafter etching a trench pattern into said
second inorganic dielectric layer 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 structures.



104|y/y10%4| & ()-nc bC 10Z "10%r& ()-Y"10%r& ()- 310%& ()-0 F"10%& () -
10Z 10Z 10Zs$z#10%Z& ()-a b ¢ d r""#bC 10Z 10% h& ()-3 &10% h& ()-m 10%
h& ()- T10% h& ()-3 10m 10m 10nB#10%r& () - #5#3$$$$$%u V7
10Z: 109%&' ()-1y! 109 ()- 0y&@O%& ()-F 10 10 10! $S&10%&' ()-3 "nl0% h& ()-% ;
"(b)c)d)e) +rdVv7 10Z0Y&Z" 10%&' ()- 109%%6 1096 109048 ~f /! 10988& ()- #109%& () -
109& ()-!109%& ()-St+,<---6.7.8.9. dZPF 1870Y&z7" 11010101 31 109& ()-f/109% ()-|
#109%R' () -1 B1OYR& $©etiO8RaEro9dvhglt3d383dEm/ 1 wherein said first

organic dielectric layer comprises one of the group

containing: polyimides, HOSP, SILK, FLARE, BCB, MSQ, and

organic polymers.

4. The method according to Claim 1 wherein said second
inorganic dielectric layer comprises one of the group
containing: CORAL, BLACK DIAMOND, FSG, carbon-doped FSG,

nitrogen-doped FSG, Z3MS, XLK, and HSQ.

5. The method according to Claim 1 further comprising

filling said dual damascene openings with a metal layer.

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

providing metal lines covered by an insulating
layer overlying a semiconductor substrate;

depositing a first organic dielectric layer
overlying said insulating layer;

depositing a second inorganic dielectric layer
overlying said first dielectric layer;

etching a trench pattern into said second
dielectric layer; and

thereafter etching a via pattern through said

second inorganic dielectric layer and said first organic
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dielectric layer to complete said forming of said dual
damascene openings in the fabrication of said integrated

circuit device.

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 one of the group
containing: polyimides, HOSP, SILK, FLARE, BCB, MSQ, and

organic polymers.

9. The method according to Claim 6 wherein said second
inorganic dielectric layer comprises one of the group
containing: CORAL, BLACK DIAMOND, FSG, carbon-doped FSG,

nitrogen-doped FSG, Z3MS, XLK, and HSQ.

10. The method according to Claim 6 further comprising

filling said dual damascene openings with a metal layer.

11. A method of forming dual damascene openings in the

fabrication of an integrated circuit device comprising:
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p%ovxding metal lines covered by an insulating
layer overlying a. semiconductor substrate;
depositing a first organic dielectric layer
overlying said insulating layer;
depositing a second inorganic dielectric layer
overlying said first dielectric layer;
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 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 one of the group
containing: polyimides, HOSP, SILK, FLARE, BCB, MSQ, and

organic polymers.
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14. The method according_to Claim 11 _wherein said second
inorganic dielectric layer comprises one ol the group

containing: CORAL, BLACK DIAMOND, FSG, carbon-doped FSG,

nitrogen-doped FSG, Z3MS,'XLK, and HSQ.

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 covered by an insulating
layer overlying a semiconductor substrate;
. depositing a first inorganic dielectric layer

overlying said insulating laver;

depositing a second organic dielectric layer
overlying said first dielectric lavyer;

etching a via pattern into said second dielectric
laver;

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

thereafter etching a trench pattern into said
second inorganic dielectric layer to complete said
forming of said dual damascene openings in the

fabrication of said integrated circuit device.
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s 10%}| & ()eXddeghdeq )and 0968t d ) arid) 98kt &irf ) re gididpUUildvViveBl@ said
semiconductor substrate wherein said metal lines overlie

and contact said semiconductor device structures.

18. The method according to Claim 16 wherein said first
inorganic dielectric layer comprises one of the group
containing: CORAL, BLACK DIAMOND, FSG, carbon-doped FSG,

nitrogen-doped FSG, Z3MS, XLK, and HSQ.

19. The method according to Claim 16 wherein said second
organic dielectric layer comprises one of the group
containing: polyimides, HOSP, SILK, FLARE, BCB, MSQ, and

organic polymers.

20. The method according to Claim 16 further comprising
filling said dual damascene openings with a metal layer.
21. A method of forming dual damascene openings in the -
fabrication of an integrated circuit device comprising:
providing metal lines covered by an insulating
layer overlying a semiconductor substrate;
depositing a first inorganic dielectric layer

overlying said insulating layer;
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etching a trench pattern intoc said second
dielectric layer; and

thereafter etching a via pattern through said
second inorganic dielectric layer and géid first organic
dielectric layer to complete said forming of said dual
damascene openings in the fabrication of said integrated

circuit device.

22. The method according tco Claim 21 further comprising
forming semiconductor device structures including gate
electrodes and source and drain regions in and on said
semiconductor substrate wherein said metal iiﬂes overlie

and contact said semiconductor device structures.

23. The method according to Claim 21 wherein said first
inorganic dielectric layer comprises one of the group
containing: CORAL, BLACK DIAMOND, FSG, carbon-doped FSG,

-~

nitrogen-doped FSG, Z3MS, XLK, and HSQ.

24. The method according to Claim 21 wherein said second
orqénic dielectric layer comprises one of the group
containing: polyimides, HOSP, SILK, FLARE, BCB, MSQ, and

organic polymers.
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providing metal lines covered by an insulating
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 layér;

etching a via pattern intoc said second dielectric
layer; and

simultanecusly etching said via pattern into said
first dielectric layer and etching a trench pattern into
said second inorganic 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 d-
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.
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28. The method according to Claim 21 wherein said first

inorganic dielectric layer comprises one of the group

containing: CORAL, BLACK DIAMOND, FSG, carbon-doped FSG,

-

nitrogen-doped FSG, Z3MS, XLK, and HSQ.

29. The method according to Claim 26 wherein said second
organic dielectric layer comprises one of the group
containing: polyimides, HOSP, SILK, FLARE, BCB, MSQ, and

organic polymers.

30. The method according to Claim 21 further comprising

filling said dual damascene openings with a metal layer.



