A Method to Create a Copper Diffusion Deterrent Interface BACK E THE
| NVENTION 1. Field of Invention The present invention rel ates 3;|<92;(r1jl§,J 9% to
an inproved ultra large-scale integrated 5 (VLSI) circuit having a copper
sulfide interface layer. Mre particularly, the present invention relates
to the fabrication of VLSl using a dual danascene process in conjunction
with using a CArMethodubﬁrdﬂeiarﬁlwﬁeadﬁﬁhsiysﬂ)et@'.reme]g&ﬂfmei on of Prior Art
The dual damascene process, in which netal is buried inside patterned
grooves in to a subst BACKGROUNDUMETHEINVSRTIAN has become one of the

best methods for fabricating USLI circuits. Conventionally, netallic

I nt er ¢ OMPRIGFSn®nEohOr med by depositing a netallic |ayer over an insulating
| ayer, for exanple, a silicon dioxide |layer. Then, the insulating |layer is

etehed 1o Rt BRI aiin fliaRl SARIANAG G IRBHALA Uit 1hABSHE idibhred verti cal

via hol e can or e et ween~con ive FTayers. Théreafter, netallic
material .i.S.deposited into th | a.hol e to I.gal connection
ot welLshEEER BRtibe b somsf sptiah dfeatad 1R Mo PERUEAT oEplesbf , ColTyL
there can be a passivation. |layer forped be en the two .conductive | ayers.
(See [RYntion rejatys Wﬁgf’rbé’c?%o‘i ‘i‘é”aélt“s&}gea &W&ﬁe@?ﬁ‘?ﬁ’?‘a HRERStthe passi vation

| ayer or any other |ayer that is positioned on the top of a | ower

i nt er conjection with ysig glvepperwaliide pefaifatedayst t om of 20 the via hole the

- sputtering of the copper onto the via hole side walls 28 usually occurs.
Consb@.l@%k:irjptioﬁ@pﬁiﬁ‘dbr%s have migrated into the dielectric material, which
~ would result in a change in device properties, and ultimtely not being |,
- abl e to userfehfiaf@yhaRenclftOcess,Un iéh mBaEfiibueiad imkdepattemed groovbs m barrier
~“layer optional thus saving a costly step in o

10 a substrate, is frequently used and has become one of the best methods for fabricating

USLI circuits. Conventionally, metaliiq interconnects are formed by depositing a metallic
layer over an insulating layer, for example, a silicon dioxide layer. Then, fhe insulating
layer is etched to form a pattern of predefined conductive lines so that a vertical via hole
can be formed between conductive layers. Thereafter, metallic material is deposited into
15  the via hole to complete vertical connection between the conductive layers forming an
interconnect. Conventionally, there can be a passivation layer formed between the two
conductivé layers. (See Fig. 1, 14)
Workers in the art are aware that When the passivation layer or any 0ther layer
that is positioned on the top ofa iowér Iinter'connec-t 12 is etched aV\_fay from the b_ott'omiof '
20 the via hole the sputtering of the copper onto the via hole side walls 28 usually occurs.
Consequently, ;:opper ions have migrated into the dielectric material, which would result
in a change in device properties, and ultimately not being able to uﬁe the device. The

current invention makes the use of a barrier layer optional thus saving a costly step in




| 1 2 SEP-2005 production of the devices. Qthers have striven to solve this
probl’'emby 1ining the via hole with barrier netal |ayers (SeetR §EP200524)
For Exanple, U. S. Pat. No. 5,933,758 (Jain) teaches a barrier |ayer over
a dual damascene opening- U S. Pat. No. 5,693,563 (Teong) shows dual

barrier layers in a dual damascene process. U. S. Pat. No. 5,451, 542 (Ashby)
S tea?rb&ﬁct@ﬂ oBtisdddvies (hesihved sttiverproaobsshis Budbterabe hinigsho siartiods | ayer is
used there is still a second. problemand that is that these barrier

! ayerﬁmﬂ?%e%eﬁa\r@eh*rsee bl e 4)hrarExBayle, U. SOP4thEb. S)pE3)73h@asdpper i s

deposited in the vi'a hole to forman upper interconnect. The copper

o E U Ty BLES A aRLECI AR (P packo, oot s erubdy 1, o

chang evice erties 1y not being able to use the

devi ce, rlor art ve shown th s a layer.
Eor ei‘%ﬂ?ﬁﬁ @tq%lm I aﬁ”'@%cfn%%)cgsnd%ggé%g g@ ?ﬁldvvaguAT?!1 ):md g
awaguchi et a respectlve y) ach | u of .a co e on copper
Wi Bi n@ﬂacm\%ﬁﬂfa%éaﬁ%’éu%‘! P’E?SE%?e VER I F’ag’e'st?mefé?yeb}sglg‘gﬁmeﬁ%m SHe oxi‘ da!tO !Don
of copper wiring, and it conpletely surrounds the copp rin

SUMVAR ¥e@iad Frepblemvaithadis thetcioessi bagier lasercusyalbsaye t hlﬁ\}’é’%s% ‘-%o provi de a
nmet hod for formng a dual damascene interconnect structure, wherein

M gr atsb @t Shefl tHef soppergs dépasitpdar the siasholetodotrhen ugpes linteraonneatether i al i s
deterred by depositing a copper sulfide interface |ayer. Mreover another
obj eado%ﬁerQﬁffﬁé&@nﬁé aRaiidlettiv aititériuls, iwhidezatrowbuld assultgs a@hangeembar rier |ayer
now 20 bel ng optional.

device properties; and ultimately not being able to use the device.

= OR

16 ~ Other prior art have shown the use of copper sulfide as a layer. For example,
U. S. Pat. Nbs. 5,953,628 and 5,863,834 (Kawaguchi and Kawaguchi etal. respectively)
teach the use of a copper sulﬁcie on copper wiring. However, the use of copper sulfide is
for preventing the oxidation of copper wiring, and it completely surrounds the copper
wiring.

15 ' SUMMARY OF THE INVENTION

Accordingly, the present invention is to provide a method for forming a dual
damascene interconnect structure, wherein migration or diffusing of copper ions into the '
~ dielectric mateﬁal is deterred by depositing .a copper sulﬁde-interface layer. Moreover;
- another objective of ﬂ;e present invention is the cost savings of the barrier layer now
20 bei_ng optional. | | |
A method for forming a dual daniascene opening by providing a semiconductor
structure having a first dielectric layer and a lower interconnect, then forming a |

passivation layer over the first dielectric layer and forming a stack dielectric layer over




A nmethod for form ng a dual damascene opening by providing a sen]conduct-or
structure having a first dielectric |ayer and a | ower intercon gﬁﬁpt '
formng a passivation |ayer over the first dielectric layer and formng a
stack dielectric layer over 2 1 2 SEP 205 the passivation |ayer. Then
~ patterning and etching the stack dielectric layer to forman upper

- 1 nt er gRMYASKEIation tivien JThashttearing agl @chingtierstak didlegde lageen foimeapassi vati on
| ayer, on sidewalls of the upper interconnect opening and on top of the

st ackyghied iteichhfect 8)@ing, afid ining arPidtdrREiaer AR tRlRMigiohNgepassi vat i on
| ayer t'o open the bottom of the upper 5 infterconnect opening and renoving

the p@ﬁééﬁ%@% 5% hga(e? ﬁntéﬁcsﬁﬁ&bﬁ?ﬁ%@c#ﬁngbssfﬁa‘e%taleuhieﬁ&mc fay@m the sidewal | s

of the u erconnect ope e alternative formng the interface
- layer _after the.etchi .ang pat t.erni 0 th i-vag i qn yer, and again
| eavi BYeHPATSTE er%%ﬁ%g’g p&ﬁswaf]ilémrsf%&&\%a?qeg%%%)g e g{n%gru p{)‘?}nt er connect
opening after rempving sone of the interface |ayer. 10.The .product of a
~sehi cOHERFORRICt QRSIIRg ewawa@hf‘apat;ﬁl?’%‘%mb%@mﬁ’& 3 é‘ﬂJ%ﬁii'ag B ie
i nterconnect - assivation layer over the first dielectric |layer, and then
a st aémrmﬂmlw«afleof&:y@ppweterqmeqs@@smo&ti on-layer. Finally, an upper
i nterconnect opening through the stack dielectric layer and said
passi vat i orn kteyatenintive fgnsiglthwahtesacedagirsiftentpe efchingandpatemamgof] ayer. 15
BRI EF DESCRI PTI ON OF THE DRAWNGS I n the acconpanying drawi. ngs formng a
mat er itht pRRfvati6H layér EndlARET leR¥ing fhd ihRkfact Ryér Owlie sidewalls of the upper
interconnect opening after removing some of the ihterface layer. |
g 10 - The product of a semicondﬁctdr structure having a first dielectric layer and a
lower interconnect. A passivation layer over the first dielectric layer, and then a stack
dielectric lay'er over the passivation layer. Finally, an upper interconnect opening
through the stack dielectric layer and said passivation layer having sidewalls consisting of
an interface layer.
15
BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings forming a material part of this description there is
-shown:
FIG. 1 shows a cross-sectional view of a semiconductor of the prior art before
20 etching away a passivation layer.

FIG 2. shows a cross-sectional view of a semiconductor of the prior art having a

barrier layer.



FIG 1 shows a cross-sectional view of a sem conductor of the prjor aré
before 20 etching away a passivation layer. FIG 2. shows a cr B nal
vi ew of :asem conductor of the prior art having a barrier layer. 1 2 S EP
2005 FIGS 3A and 3B show a cross-sectional view of a sem conductor in
-progression of manufacturing wherein the interface layer is forned before
et chi ng avwBl3D3A and PBShow atcr@s-staioan! dew of disergicoodwtdriin progredsmai ment of t he
present invention. FIG 4A and 4B show a cross-sectional view of a

sem cgPglugifREutife MhO@IAHE iRerf layer IPRHhaCbefbidbchiheswaylofiie i nterface
l'ayer is fornmed after etching away of a passivation |ayer according to a

5eCONHa RIAAT 58 acBbuct ol Gl HERIFAE prELefh bitigh, 1 055~ sectonal vi ew

of a semcond resent | nvention after partial renoval of the
interface : cLoss ct| n f structure
with an i nk: @géﬁ’ﬁ‘gé@ &%a Fe- ?e,& oug %a & r%l\?vg\%&g%ogsnz bfs%r%slgloﬁg view of a
sem condugtor, i n _praqgressio uf act steps in produci ng a dual
Cains CERUSBHRESHIHRR B Hiearaleg PTG Ll SLBME HvahE RN AR o A
through B show a cross-sectional view of a_sem conduct or in progression of
manuf dasenasootling topxsespndiensbedimgntcafitbeipiesent Ve duci ng a dual damascene 15
sem conductor according to the present invention. FIG 9A and 9B show- t he
t wo  cheni c&lIG5as b emss-sedtionaliviewnaf 2 ssmisbnduspyef theugresegbinvemiohaficED
DESCRI PTI ON OF THE I NVENTI ON The inventors di scovered the problemthat is
shown daftidd kéribvaRbf the FteBade 1ayed. 2.
FIG 6 is a cross-sectional view of a .simpliﬁed structure with an interconnect.
10 FIG 7A through B show a cross-sectional view of a semiconductor in progression of
manufacturing steps in producing a dual damascene semiconductor according to the
present invention.
FIG 8 A through B show a crosé—sectional view of a semiconductor in progression
of manufacturing steps of a second embodiment in producing a dual damascene
15 semiconductor according to the present invention.
FIG 9A and 9B show the two chemical routes to the formation of copper sulfide.
DETAILED DESCRIPTION OF THE INVENTION
The inventors discovered the problem that is shown in prior art FIGS 1 and 2. - '
‘This problem is solved by the present invention. FIGS 1 and 2 are not to be considei‘ed
20 prior art for the purposes of the patentability of this invention. The problem is the

migration or diffusing of copper ions i_:ito the dielectric material in prior art Fig. I, and

the expense of producing prior art Fig. 2 with a barrier layer.



“Fnt er co

This probllemis solved by the present invention. FIGS 1 and 2 g;'\re not_to be
considered 20 prior art for the purposes of the patentability ot SER 2B

- invention: The problemis the mgration or diffusing of copper ions into
~the dielectric material in prior art Fig. 1, and the expense of producing
prior art Fig. 2 with a barrier layer. 1 2 SEP 2Wo The preferred enbodi nent
of the i NVeRd pRferied ebYdHRESR of BRUnvdReiba Y hdvy deveribed Referdag howuwhat! y to Fig.
3A, -a sem conductor structure 8 is provided. The sem conductor structure

can bﬁ cwWF{lffo b fa SHRALESHdRcloP Shebidh8 i@PFovﬂﬁH. mhs éhitofudiér
al 11 ne

nmonocr yst stlicon, silicon-on-insulator (SO) and silicon-on

sapphi %fﬁ“&??ﬁ%b? \é\'iu}a?erq)% isﬁﬁ&a?é’fg!cfufﬁ E’gtrb% ﬁj) e&ﬂgteﬁ @Eﬁagﬁﬁﬁﬂliﬂa ng conductive

and iR ayers. Then, a drelectric layer g an interconnect

12 is forned. over the su ate .8 The djel iC. er 10O.for insulating
| ayer fﬂ‘F%ISﬂH:QE'OBGPS %mﬁ&iﬂlﬁég ?‘ﬁﬁ?’%ﬂn ?@phgﬁf%(ﬁ)o%&l%%ﬁse@“éi licon oxi de,
porous undoped - silicon oxide, non-porous, doped silicon oxide (dopants

i ng| udieergin 68@ having ovesbingcondnetive and Mating J&i$ts- car bon) , por ous doped
silicon to oxide, non-porous organic material, (e.g. STLK from Dow

Cheni dhkd, a ¢ickecmic layegaf havingan értersbenech bhisgormeriovgo hecdubstepd Bclivat eri al s
(dopants include fluorine, phosphorus, sulfer, carbon, and nitrogen) and
por ouslidleRaél9e0En{ce insalating dyer) intledei tek &atot kastricydto m-pocass be an
inter-level dielectric (ILD) |layer (e.g., formed on the wafer) or an inter

met al yydbsddadlidonGoxidd) fdrdhs bikidped 6RBicBn oxide! niRthdsusaobéd dilichygitie Or anot her
“WID qulalye ). 15 The I’gvver i ntérconnect 12 ca(rzlb&l;e a contact to the wafer

surfa ?]?O]arél(t:stqﬁ}ﬁiuﬁg Pﬂ&gfslg'@%eﬂ’gg{)rﬁ "1uBFind GG cdr der&ﬁse({(fpgﬂ Rghn The

~conprises nore conduttors froma group containing
OB A A LR B ST AR (01O
COpperrmateri_als, non-porous doped organic materials (dopants include fluorine, phosphorus,
sulfer, carbon, and nitrogen) and porous doped organic materials. The dielectric layer 10
can be an inter-level dielectric (ILD) layer (e.g., formed on the wafer) or an inter metal
| dielectric (IMD) layer (e.g., formed on a ILD layer or another IMD layer).
15 The lower interconnect 12 can be a contact to the wafer surface or device on the
wafer or a higher lc_:vel- interconnect. The interconnect comprises one or more conductors
from a group containing copper, aluminum, aluminum alloy, tungsten, titanium, titanium
nitride, tantalum, tantalum nitride, tungsten nitride but is preferably comprised of copper
and a barrier metal such as tantalum nitride. The interconnect can also be composed-of
20 polysiicon, a polyqide or ather matérials. In the case of copper, although the interconnect
| 12 is shown to comprise a single layer (hence a single damascene interconnect), it should

be understood that interconnect 12 can also be comprised of a dual damascene

interconnect (not shown).



and a.barrier metal such as tantalumnitride. The interconnect ,can_al sg be
conposed of 20 polysilcon, a polycide or other materials. In fihe SERS f
copper, -al though the interconnect 12 is shown to conprise a single |ayer
(hence a single damascene interconnect), it should be understood that

I nterconnect 12 can al so be conprised of a dual damascene interconnect (not
shown) . A passiivaidroaydrayds fotthet abdwy dieidctpiodmer d0 ah@itdrcondeay . 10 and

i nterconnect 12. The passivation layer 14 includes but is not limted to

sili 93'1; Ehécfwa%nﬁa%}\h ireldde§ B is A¥MIRhfEd ﬁ';esﬂu:'i)'nhilﬁfa@ (S@)biiH&on or boron
nitri IS nost preferably conposed of SiN. The passivation |ayer 14

prefer %ﬁ&a g@%&r E%:&‘&Q e(ﬁ'%fgénzﬁgd%'a i ﬁx%ytt ppargfs%pav Z}??%rﬁﬁggd 6f Sé{rpﬁét we form

a di el®ALPHE ayer

dleiectrcha of o one o i nsul ati ng
ayer Sasitaign iSie: 1 Bedpby e Dtk helpSipepls &f@?@?@?fe
- configuration is shown in FIG5. The materials er | ectyic Iayers 16,
and 20 ar e N1 wafasmasdiglestricilaes (¢.85 1620) over Fk}ed’aﬁ%\}‘aé’ron gyer. fﬂ? can :
deposi ted by spin coating followed by thermal treatnent or by vapor
deposidi¢leetric layeDias eceomiprised pEonly @ngrosfof sevsral insatatiaglayesiandas coh bet ween
about 2000 and 10,000 A. An optional etch stop layer 18 is then fornmed on
di el ecdtép layérayad/odéap idyees. &t prefatadobfiyention & showhén Bl} §. Thenpatesald of
silicon nitride, silicon oxynitride, silicon carbide, or boron nitride and

['s nDsfor BlefdcBicialats 16/ audIzBaR: e shinkiaG @eschibtd fitdiclddife Riyehi G @ cdmyer 18
preferably has thickness of between about 500 and 5, 000A. 15 Next, anot her

el echd ddnobifi¥ly oth {dh ayeg@gwd%ﬁtaer&ah RéRirlent 5 GiPFpFaiesition stop | ayer

can be conprise materials as

e L e L e
opti ongln op’ggrrllal téi?chfs?()rp aye lg 1? Ith%ln%Ct reldconI c?iglectnc layer 16. The etch stop layer |
is preferably comprised of silicon nitride, silicon oxynitride, silicon carbide; or boron
nitride and is most preferably comprised of silicon nitride. The etch stop layer 18
preferably has thickness of between about 500 and 5,000A.
15  Next, another dielectric layer 20 (uppef dielectric layer) is formed on etch stop layer 18.
| The dielectric layer 20 can be coniprised of the same materials as dielectric layer 16. The |
dielectric layer 20 preferably has a thickness of between about 2,000 and 10,000 A,
Finally, a cap layer 22, which is also optional, can be formed on dielectric layer
| 20. The cap layer is preferably composed of silicon nitride, silicon oxynitride, silicon -
20 carbide or boron nitride and most preferabiy silicon nitride. The cap layer pfeférably has
a thickness of between about 500 and 5,000 A,

Many methods can be used to form the interconnect opening or dual damascene

opening including via-first, trench first, and seif aligned via. The methods shown in this.



~ 20. The cap layer is preferably conposed of silicon nitride, sil]con
oxynitride, silicon 20 carbide or boron nitride and nost prefér%ggﬁ 205
silicon nitride. The cap | ayer preferably has a thickness of between about
500 and 5,000 A. Many nethods can be used to formthe interconnect opening
or dual damascene opening including via first, trench first, and self

al i gnpsteit ste ndiémitingand masi otier metiods 8an béuskd? Asd; the IRMgI @t are not
limting and nany ot her nethods can be used. Al so, the opening 30 can have

any shaReriNfapcSandas nbt 1Fhk@otaid] S4iAdscAR FRARBEFRKRMPR, tHeQpefin@ ! €, the
opening .30 can be a conventional straight walled interconnect or |ine

openi ggca@ge 3?18%@@8%%%*%ts‘wﬁedq%}“’mip??f%ﬁ’?’%g ng 30 can be consi dered

as s conprise a bottom vi "opening 32 and a top

“trench openi ng 34. i enings can.be.forned in.any order i.e.
Furacti ¢ NsHlart in O'T e B RRRSERe SRRIRE] IR kanlBRaR “ana' 1 s sa
and 3B show ~d enbodinent for formng.the dual danmgscene openi ng.
Refer PP-W@“F‘Eﬁa ‘Fflz?c%’emgérﬂP‘#@m Y‘ﬁé‘F@&Hﬂ 8?3,%1%3 Prydn ‘P@ﬁeg?h PERPERE hgvi ng a

top 10 trench resist opening 34A is formed over the optional organic
bot t orkhgrvia opeafngs san be farmad imany ®ARQA)e- [“wip-dirst3 appropch.. Vayen B er | yi ng
- the optional cap layer 22. Then, a conventional etching creates a first
-t r enc shpatatfestrendshdifbuttand FEGS 8A and\38rsh8d =2l embedioent fonfdrmBaRGel ayer 37 are
renmoved. As shown in FIG 713, another photo resist |layer 38. with a bottom
vi a (eh@l ddiedst&i® opkhinpr ench) resist opening 32A is formed over an optional
or gani c BARC layer 39.. A bottomvia opening 32 is formed in the
~diel ectri ¢ {3¥eng 16 FREOPRIAE 78N HERAALAS PhiiRlred layer 36, having a top
10 french resist opening 34A is formed over the optional organic bottom anti-reflective
coating (BARC) layer 37, the BARC layer overlying the optional cap layer 22. Then, a
conventional etéhing_ creates a first trench pattern 34. Photo resist layer 36 and the
optional BARC layer 37 are removed.
As shown in FIG 7B, another photo resist layer 38 with a bottom via (e.g. bottom
15  trench) resist épening 32A is formed over an optional organic BARC layer 39.. A
bottom via opening 32 is formed in the dielectric layer 16 ‘stopping on the passivation
layer 14, as shown in FIG 1.
As shown in FIG 8A a first photoresist layer 36 having a bottom via resist
opening 32A is formed over the optional organic BARC layer 37. The optional BARC
20 layer 37, cap layer 22, dielectric layers 20 and 16 and a partial etch of optional etch stop

layer 18 are etched to form the bottom via opening 32. The removal of the photo resist

and organic BARC layer then follow.



| ayer .14, as shown in FIG 1. As shown in FIG SA a first photo resist |ayer
36 having a bottomvia resist opening 32A is forned over the 35?

or gani c. BARC | ayer 37. The optional BARC 20 |ayer 37, cap |layer 22,
dielectric layers 20 and 16 and a partial etch of optional etch stop |ayer
18 are etched to formthe bottomvia opening 32. The renoval of the photo
resi st angls shoyanin FIGARG ierpad phdieresikolal @0 havig atbpwia resistdpeni@ a second
photoresist |ayer 40 having a top via resist opening 34A is fornmed over an

opt i ongd (bR @v#é%pﬁ&sa%?%ﬂl@mmmr 398 sitih. Tha tPAR bpéhisd34 i s et ched
in the optional cap |ayer 2 nd diel ectric layer 20, 'stopping on the

opti Oﬁ%ltcih%ﬁ?xb@g%ﬁ;ﬁBnJl%X@iag%%@a Sle&!?l%% §0' eﬂpgkfgccﬁ{ %@Bgﬁorﬁ%l ayer, cap

| ayer ayer ric I ng

pl as aiagl si%d dry etching wherein the etch| ng chem stry conprises one or
m)rer% m a group containing fluorocar bon(s) fluorine- substituted
hyel ocarbon(s), fluarine, hydrocar@an(s) chl or chl or e substituted
hy#ir ocar bo %996@3%%‘%@@40 BaRgeprer ﬁi‘ﬁ’r"éﬁ@‘eﬁw ﬁS%’r ‘gas,

car bon nonoxi de, 10 argon and hydrogen brom de. Etch| ng chem stry is .-

t ai | olaydr mﬁtcépfémmgptaemmsw@eret@ vag whersingthe gishingmhemist®nbodi ment of t he
I nvention In the first enbodi nent of this invention, as shown in FIG 3A an
i Nt er campritcayae oﬁﬁlo'reng{sesrfrmﬂaing@eoﬂthinirgffhﬂ»mdadmn@,dhdnipeei t her scenario .
of conventional etching, before 15 the etch ‘'goes through passivation.|ayer

14. TRevstifited hyttcvarionys)! flfine! 6 dissbSRHPEMlorine), cm@ﬁa@mﬁnméd copper (11 )
conpounds and 1s preferably copper sulfide
hydrocarbon(s), fluorosulfer, oxygen, mtrogen, hydrogen, forming gas, carbon monoxide,
10 argon and hydrogen bromide. Etching chemistry is tailored differently te eaeh layer that
is etched. |
First Embodiment of the Invention
- In the first embodiment of this invention, as shown in FIG 3A, an interface layer
26 is formed in the finished vias made by either scenario of conventional etching, before
15  the etch goes through passivation layer 14. The interface layer 26 includes copper (I)
'coﬁpounds or copper (IT) compounds and is preferably copper sulfide
Next, the interface layer 26 preferably comprised of copper sulfide is deposited
over the exposed surfaces. CuS can be deposited through CEemical vapor deposition by
reacting a coppef (I) complex that incorporates‘ a Beta-diketonate ligand and a ligand L
20 witha suiﬁde—containing'eompound : | |
Copper (Beta-diketonate) (L) + sulﬁde-eontaining ligand > CuS +...
The Beta-diketonate in the copper (I) complex includes but is not limited to 1,1,'1,5,5,5-

_hexafluoroacetylacetonate or hfac, acetylactonate and trifluoroacetylacetonatie. The




~ Next, .the interface |ayer 26 preferably conprised of copper sulfj E‘E @ﬁ _
deposited over the exposed surfaces. CuS can be deposited thr uﬂg B cal
vapor deposition by reacting a copper (lI) conplex that incorporates a

Bet a- di ketonate ligand and a ligand L 20 with a sulfide-containing
conmpound: Copper (Beta-di ketonate) (L) + sulfide-containing |igand 4 CuS
+o.o. dBﬁiﬁthK@k@ﬂgb@anxamu&%ﬁe{s not fim@edR) Axalkéie] slgkyddknd s not

limted to 1,1,1 exaf | uor oacet yl acet onate or hf ac, acetyl aet onat e

a“d tghé%pﬁaafe@g gl@g@%&@@hh@otﬁ@%uﬁd% néﬁﬁng&?@)duha eferdyly t he copper

|mte to anm al kene, an al kyne and

K phosphl na tri e The | fi C conpound is

pr ef eIt mlé%wgﬁlfx‘ﬁfng%&%‘geo ﬁ@f r:b“):roggrrﬁnaztJ gaenle %H)(P {rllgl ally avail abl e
copper.. ( bet i ket onat

R A S %&%@w@a&r@#yf%@ﬂawaﬁgﬂ6&?&@%&%@&) £t ) (1t ac)
or better known as CupraSel ect, manufactured by Schumacher Ltd.

( t Arvs {omsibfac) er betisr kpawn ay CapsaSeleet, vy faepisdibyiSshugachepbise rcland upon
reaction with a sulfide containing ligand as represented in Fig. 9B, forns
coppe(tnsushhiatd is aiprecursirdof the €VID domrsitpmaifeopsr pndh aporareadtiopkwigs of bet ween
about 50 and 5,000 A. Next, as shown in FIG 3B, an etch of the interface

. layer s@Bidesoh@idi@ykshnk)as a¢prédeifed id Big09B] foemp aspey aillfide) Thaymedaded, t o expose
the I ower interconnect 12. Preferably an ani sotropic plasna-assisted dry

. etchi ngedr ré?@t%[?frHEgﬂhekﬁe%@f'BeNr@énfﬁ%ﬁt spagRrsogdeaon the sidewalls of the

. diel ectrl? laye See FIG 3B. The etching chém stry conprises one or nore
gases from r C silicon
“tiehachl ori exg q%l%g?‘l%r?lgﬁ ?tﬁg?gap‘{%hd& %éeléf&@ @gg%ﬁﬁm&?‘g%%wﬁ?% ogen and
oxlyge

of ﬂ%) passivation layers 14, to expose the lower interconnect 12.  Preferably an
anisotropic plasma-assisted dry etching is performed to form interface spacers 26 on fhe
sidewalls of the dielectric layers. See FIG 3B. The etching chemistry comprises one or
more gases from a group containing chlorine, hydrogen bromide, ammonia, silicon
tehachloride, chlorine-substitﬁted silane, nitrogen, argon, hydrogen and oxygen. Upon
1‘5 the etching of the passivation layer 14, the copper from the eqused interconnect 12 that
is sputtered onto the sidewalls of the via is thus prevented from diffusion into the
dielectric layer by the interface spacers 26.
A chlorine-HBr chemistry or a chlorine—annnbnia—silicon tetrachloride-ﬁjtrogen :
chémis_try are f)referably used t0 remove interface layer 26. The interface layer does
20 remain on the sidewall 28 of the semiconductor as shown in Fig. 5.
| The chlorine-HBr chemistry that removes the interface layer 26 from the top of cap léyer

22, layer 16 and the bottom of the via is performed.



D

15 the etching of the passivation |ayer 14, the copper fromthqafxggs
I nterconnect 12 that 1is sputtered onto the sidewalls of the vi P&t
prevented-fromdiffusion into the dielectric |layer by the interface
spacers 26. A chlorine-HBr chem stry or a chlorine-amonia-silicon
tetrachloride-nitrogen chemstry are preferably used to renove interface
layer 26. Thephsivatibmiged Biie prefeably2embesthuding plddtasdssistedidry 28 of the

- sem conductor as shown in Fig. 5. The chlorine-HBr chem stry that renoves
the i AR rd : | L fr vebnthfhignd t he

bot t o%{cg{nf t her%?ﬁﬁ%hg&%@%?%?&p&?% (§2HeScpr Ea?ogl:%!{%S ' _?ﬁrga ;g)]lggg?\éatt%i 0-1?1ng ayer 14
S Pr o SF Al ) STRKAL MRk AP ASTR RIS G Blikrine LGlbAO wherein et ching
chem Stry conpri’ses oné or nore gases bm a gfoup cdntal ning -

fl uorocarbo (s.g,' fl uo(ii ne-substituted hydrocarbon(s), fluorine, chlorine,
car bor© xMHEEhART 8§8%, and argon. As shown in FIG 5, an upper

I nterconnect 29 is fornmed in the interconnect apening 30. The upper

i nBer connedts sawn i FiG daam upper igtereunigey 2 is farmeddn thsrigfercammetict or | ayers. A
barrier nmetal |ayer becomes optional in the presence of the interface

| ayer ,opamidgi3§. Preipper inferconnipet cabbesomptised ofrreed layenseod metalfcondustorof a
nmetallic material is preferably copper or copper-alum numalloy. to Second
- Enbodijapié. Aobartibembtal Rpén tesohes éptmabindhe pleseticowiithedfitetfaceslayeryemd | on, as
seen in Fig. 4A, the interface layer 26 is forned in the finished trenches

Or Vi §§ pAferretftoFRABsAY. BielilRfcoRRQR 7 foPm&d of £RIRWAIRG nefRakl B pedtefaly af ter the
etch .goes through passivation | ayer 14 (exposing the | ower

copper or copper-aluminum alloy.

10  Second Embodiment pf the Invention
In a second embodiment of this invention, as seen in Fig. 4A, the interface layer
26 is forrﬁed in ﬁe ﬁnished trenches or vias 32, 34 made by either scenario of
- conventional etching, after the etch goes through passivation layer 14 (exposing the lower
interconnect 12). The interface layer 26, as shown in FIG. 4B is formed over the
| 15 surfaces, the upper interconnect 29 is then formed in the interconnect opening 30. Here
the interface layer 26, deters the upper interconnect material from diffusing into the
dielectric materials, and the barrier metal layer is no longer required. Whereupon the
 resistivity or sheet resistance of the interface layer 26 is undesirable, the interface layer at
the.‘bottbm of the via in the dﬁél damascene uppér intérconnecf opening can, as an option,
20 be removed by using the aforementioned plasma-assisted dry etching. The etching leaves
| the interface layer intact at the sidéwall as interface lﬁyer spacers. = T..herefore the
interface layer is removed from the dielectrics, and lower interconnect, but not from the

sidewalls of the upper interconnect opening. Preferably, the upper iﬁte_rconne‘ct is formed

10



“interconnect 12). The interface layer 26, as shown in FIG 4B |s for rred

over the 15 surfaces, the upper interconnect 29 is then forned 1 % SER2B

i nterconnéct opening 30. Here the interface |layer 26, deters the upper

i nterconnect material fromdiffusing into the dielectric materials, and

the barrier netal |ayer is no longer required. Wereupon the resistivity
or sheka metdlicmatecial, prefernblyiaepperfaaseppea pmigemiatloyntiet cadsiad, the interface

- layer at the bottomof the via in the dual damascene upper interconnect

openi nappears, seead lager io forimed, byA@pbedepesiive fol lmwwedhiyredectdoplasihg beekeotkes oned

~ plasma-assisted dry etching. The etching | eaves the interface |ayer intact
- at t heess prewshhd ﬂﬁauyrureﬁﬁ@cenéomﬁmgmgﬁﬁg(cﬁm&@ﬁﬁlees&mmdrmxﬁé&ace | ayer
is removed fromthe dielectrics | ower interconnect, but not fromthe

si-dewgld:siiigh, t he upper interconnect opening. Preferably, the upper

interconnect is fornmed. 10 12SEP2005 of a netallic material, preferably

- copper or Gappgl ALyt %ﬂh%#nbﬁ?irmen st T i ORBRGs 4R, B8R V2L’

Fmed by yMapo ep03| |ng | ess

'platln and fi cal - hi n | etes the
inter é’g ¢S PrQ@Fwéw CB“%%IT? ﬁEf%ﬁESA%IE‘EGH%“éMP%E’?Wﬁ? terf ace
- layer (shown in FIGS 4A and 4B ) elimnates problenms with the prior art's
. bar ri éatQs{9&r. deenss apdhBaTERyEG| APGBLIIGDY CQﬁVgﬁé?ﬂahh‘cp'@@t layerdeigo8iN.daNy Ii, deeper
and narrower openings), conventional barrier |ayer (e. g, TiN, TaN Ti,

et c. ) depispositdd ﬂtroaglgbhyphgtbvapat dmmmlademelﬂwmtheaﬂ:eqmgt ely cover
the opening sidewalls. In contrast, the invention's CuS interface |ayer 26
deposisidathallbr gugbnteRe Iﬁhmberﬂtﬁm‘sah@mmeé lake106 depdsiepdahiugh ehstaicsl t he
~“sidewal l.s and prevents contam nation from diffusing into the dielectric

| agper syapbd depaSitioy! ddbquatily Boldi€ tHeRYRNAO InPpretd it ERRENINANEH fréfy

diffusing into the dielectric layers (ILD or IMD). With the invention's interface layer-26,-
no ba.rﬁer layers are needed under the interconnect. |
FIG 6 shows a simplified structure (e.g. single damascene) where the invention’s
interface layer 26 is formed over the sidewalls 28 of via hole 30. A conventional straight
15 opening 30 is formed in the dielelctric layer The invention's interface layer 26 still
deters the diffusion of the sputtered copper on the via hole sidewalls 28 into the dielectric
layer. Plug 29 is then formed in via hole 30.
7- While the invention has been particularly shown and described with reference to
the prcféi‘red embodiments thereof, it will be understood by those skilled in the art thct | |
20 various changes in form, and details may -be made without departing from the spirit and -

scope of the invention.
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no barrier |layers are needed under the interconnect. FIG 6 sho:ﬁ/_sz SEP o5
sinplified structure (e.g. single damascene) where the invention

interface layer 26 is forned over the sidewalls 28 of via hole 30. A
conventional straight 15 opening 30 is forned in the dielelctric |ayer The
-invention's interface |layer 26 still deters the diffusion of the sputtered
copper on the via hole sidewalls 28 into the dielectric layer. Plug 29 is
then fornmed in via hole 30. Wiile the invention has been particularly shown
and described with reference to tHKdAMK erred enbodi nents thereof, it wll
be understood by those skilled in the an that 20 various changes in form
~and det ailsathpyhscaade W t hout departing fromthe spirit and scope of the
invention. 11 1 2 S EP 2005 CLAIMS What is clainmed is: 1. A nethod for

- form-ng gn i,ntefcopnect .openi comprisi.ng. providing a sem conduct or

' structurg' h%vrf‘eﬁc{docgpofr??rg{m%?ne g‘% e Ic'gélr('aur1 5?1'8prgsul.‘%\/\er i nterconnect in said
first dielectric layer; formng a passivation |ayer over said first _

di el ect r iPEOYigingr a FRBUWAT HCtPh FlevetBienBRYINg o S5t dglegrist daver Anl aclowiee | ayer
over said passivation |layer; patterning and etching said stack dielectric

[ ayer t o ifierconsaet inppiel firsindideatnheet opening; formng an interface |ayer of
‘ei ther a copper (I) conpound or a copper (I1) conmpound over the

“passi vat ifQHmhg%i gaﬁssi\glﬁoﬁ kag'@rv\@t}el‘ $2i@Firs? AletbcHRASer bRA 811§ ﬁﬂé}%&{he@b? ening and on

top of said ck dielecCtric layer;

fbrmjng a stack dielectric layer over said passivation layer;

patterning and etching said stack dielectric layer to form an upper interconnect opening;

forming an interface layer of either a copper (I) compound or a copper (II) compound

over the passivation layer, on sidewalls of said upper interconnect opening and on top

of said stack dielectric layer;

removing said interface layer from the stack dielectric but not from the sidewalls of said

upper interconnect opening;:

etching the passivation layer and interface layer to open the bottom of the upper
~ interconnect opening and leaving the interface layer only on the sidewalls of the upper

interconnect opening;

said interface layer is formed with a chemical vapor deposition by a reaction

comprising;: reactiﬁg [copper (Beta-diketonate)(L)] complex w1th a sulfide-containing

- compound.

2. A method for forming an interconnect opening comprising:

12




renmoving said interface |ayer fromthe stack dielectric but not %rgngﬁaf'
.sidewal |l s of said upper interconnect opening: etching the passi SEf

| ayer and interface |layer to open the bottom of the upper interconnect
opening -and | eaving the interface |ayer only on the sidewalls of the upper
i nt erconnect opening; said interface layer is forned with a chemical vapor
deposition by a reaction conprising: reacting [copper :

(Bet a-di ketonate) (L)] conplex with a sulfide-containing conmpound. 2. A
met hod for f oprividingasémiterdiotun egtctopdniving adospli¢lsdtrigtaydrand ado®erlEP 2005

- providing a sem conductor structure having a first dielectric layer and a

lover | RLelGRARRERLadtiridideddid Blerdi €l ectric layer; formng a passivation
| ayer over said first dielectric’ layer and said interconnect; formng a
“stack diel ect

ic.layer over said passjyvati.on |l.ayer; tterning and etching
Sa d stack di EFEEET EepRyaen BEr e R by P A PR SRR g: et chi g
sai d passivation layer to open a bottom of said upper interconnect
“opening; and famiigstask didledrie layer qvayeid passivptieielayer copper (1) conpound or
a copper (I1) conpound over the |ower interconnect, on sidewalls of said
upper inter copagahingpedieffingshidrstick dsddcttid 1nye@ itd 8@ anaipper inferfodhord W th a
chem cal vapor deposition by a reaction _
opening;
etching said passivation layer to open a bottom of said upper interconnect
opening; and
forming an interface layer of either a copper (I) compound or a copper (II)
- compound over the lower interconnect, on sidewalls of said upper interconnect-opening
wherein
said interface layer is formed with a chemical vapor deposition by a reaction

comprising: reacting [copper (Beta-diketonate) (L)] complex with a sulfide-containing

compound.

3. The method of claim 1, wherein said stack. dielectric layer consists of one

 dielectric layer.

4, The method of claim 1, wherein said stack dielectric layer is comprised of a

second dielectric layer and a third dielectric layer.

13




conprising: reacting [copper (Beta-diketonate) (L)] conplex mﬁth%a
sul fi de-contai ning conpound. 3. The nethod of claimi, wher ei n 1saSEP 2Bk
dielectric layer consists of one dielectric layer. 4. The nethod of claim
1, wherein said stack dielectric layer is conprised of a second dielectric
| ayer and a third dielectric layer. 13 5. The nethod of claim11, wherein
the method is for formng a dual danascene opening. 6. The nethod of claim
-1, wherein a netal is deposited in the upper interconnect opening to form
an upper 5i nt eThomegladd of/claibh@, whéhindthefmethad in &y fovadng landuah deinakcend op | ayer
i's formed between the second and third dielectric layers. 8. The method of
Clain11,oggg5§in a cap layer is forned on the stack dielectric |ayers. 9.
The met hod of "claim 1, wherein the interface |ayer is a copper sulfide
interfac | ayer. 10., The method of claim.1, wherein the interface |ayer is
oposi 1 b by ABF HEHES CHEHIERY R0 & A JomATecin i KPSV RISEGES of o m 1
wherein L in the [copper (Beta-diketonate)(L)1 conplex conprises one of
 the fol | oREmpe iafermlakepeer inferednkeate or a phosphine. 12. The nethod of claim
1 wherein the sul fide containing conpound conprises either amoni um
sul fide or hydhegemalficlada 4, wherein an etch stop layer is formed between the second

~ and third dielectric layers.
8. The method of claim 1, whereiﬁ a cap layer is formed on the stack dielectric
layers. |

- 9. The method of claim 1, wherein the interface layer is a copper sulfide interface
layer.
10.  The method of claim 1, wherein the interface layer is deposited by using a

chemical vapor deposition.

11. The method of claim 1 wherein L in the [copper (Beta-diketonate)(L)] complex

comprises one of the following: an alkene, an alkyne or a phosphine.

12. The method of claim 1 wherein the sulfide containing compound comprises

either ammonium sulfide or hydrogen sulfide.

13. - The method of claim 1, wherein the interface layer is removed partially by
~ plasma-assisted dry etching wherein etching chemistry comprises one or more gases

from 'a group containing hydrogen bromide, chlorine, ammonia, silicon. tetrachloride,

chlorine-substituted silane, nitrogen, argon and hydrogen.

14



'13. The nethod of claim1, wherein.the interface |ayer is rerrbveéj artjially
by plasnma-assisted dry etching wherein etching chem stry. conﬂr §EE ﬁ or
nore gases froma group containing hydrogen bronide, chlorine, amoni a,
silicon tetrachloride, chlorine-substituted silane, nitrogen, argon and
hydrogen.- 14 1 2 S EP 2005 14. The nethod of claim 1, wherein the | ower
interconnect is conprised of one or nore conductors froma group

cont ai ni ng copper, alumnium alumniumalloy, tungsten, titanium

titani umldi t r Te metlant of dam 1, amhakinthaldwdrdetegmodndct igaingrrisad of bdeor 15. The
met hod of claim11, wherein the lower interconnect is conprised of copper. .

16. The ngdROGnAlictels@binl a %bek&téihﬁgdk@ﬂp%ﬁt AlumihiaHe SudfulNAIRS the
foll owi ng: a. non-porous undoped silicon oxide, b. porous undoped silicon

id . - poy. doped sili. id . f L i de, e.
non- por ol i PaiRt AL BT i GG B RRE B ane (e R BT ous doped

organic materials, g. porous doped organic material, h. phosphosicate

glass, or i. 5102. 17. The nethod of claim 1, wherein the passivation |ayer
is one of the followin a. silicon nitride,
15.  The method of claim 1, wherein the lower interconnect is comprised of copper.
16.  The method of claim 1, wherein the dielectric layers are one of the following:
a. non-porous undoped silicon oxide,
b.  porous undoped silicon oxide
c.  non-porous doped silicon oxide,

d. porous doped silicon oxide,

€.  non-porous organic material, porous organic material,
f. non-porous doped organic materials,

g.  porous doped organic material,

h.  phosphosicate glass, or

i Si02.
'17. - The method of claim 1, wherein the passivation layer is one of the following;
a.  silicon nitride,

b.  silicon oxynitride,
C. silicon carbide, or

d.  boronnitride.
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b. silicon oxynitride, -~ c. silicon carbide, or d . boron nitrin. &5 2
SEP 2005 18. An interconnect opening conprising: a seniconduct&r sE re
having a first dielectric |ayer and a lower interconnect in said first
dielectric layer; a passivation |layer over said first dielectric |ayer and
said | ower interconnect; a stack dielectric |ayer over said passivation

| ayer; and an upper interconnect opening through said stack dielectric

| ayer and said passivation |ayer having sidewalls on said stack dielectric
~consi sti A8 of Aarinferdopndchoperiimg/@mpriorgpr i sed of copper sul fide wherein said
interface layer is formed by a chem cal vapor ' deposition by a reaction

-conpri si ng I eaGbhitend RRREGctu Rk A L@bomaketic (dyb] artloNBWeXintdbbdnRe@ .
sul fi de-contai ni ng conpound. 19. The interconnect of claim 18, wherein said

st ack di?égcéﬁhgd%ﬁ¥§k c%gsists of one dielectric layer. ." 20. The
i nt er connect” of c1a|n1£@f’wherein said stack dielectric layer is conprised
. of a second dielectric layer and a third dielectric layer. 21. The
i nterconnect @fPagsivatian layer gires paidl firyh diglackic lpgeriand sad lqwyss dptescpmaack onnect
opening to forman upper interconnect. 22. The interconnect of claim 20,
wher ei n t her e aismcladiekicttir 1steo pvdrayidrpabdtateanayeh@andecond and third dielectric
| ayers. ' ' _ '
an upper interconnect opening through said stack dielectric layer and said
passivation layer having sidewalls on said stack dielectric consisting of an interface layer -
comprised of copper sulfide wherein said interface layer is formed by a chemical vapor

deposition by a reaction comprising reacting [copper (Beta-diketonate) (L)] complex

with a sulfide-containing compound.

19. . The interconnect of claim 18, wherein said stack dielectric layer consists of one

dielectric layer.

-20.  The interconnect of claim 18, wherein said stack dielectric layer is comprised of a

- second dielectric layer and a third dielectric layer.

21. The interconnect of claim 18, wherein a metal is in the upper interconnect

opening to form an upper interconnect.

22. The intercornhect of claim 20, wherein there is an etch stop layer between the

second and third dielectric layers.
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16 1 2 .SEP 2005 23. The interconnect of claim 18, wherein a caaﬂégéﬁhdﬁﬁ.on
the stack dielectric layer. 24. The interconnect of claim18 "he
| ower interconnect is conprised of one or nore conductor froma group
contai ni ng copper, alumnium alumniumalloy, tungsten, titanium
titaniumnitride, tantalumnitride, and tungsten nitride. 25. The
i nterconnect of claim18, wherein the |ower interconnect is copper. 26. The
i nterconnect of claim 18, wherein the dielectric |ayers are one of the
follow ng: a. non-porous undoped silicon oxide, b. porous undoped silicon
oxi de, c. non-porous doped silicon oxide, d. porous doped silicon oxide,
€. NON- PO OUSTRE B RBRIE Elafth 18, RS a 4 0RM:Gs SRR siadk dielekiric@Ry POr OUS
doped organic material, g. porous doped organic material, h. :
phophosilicate glass, or i. Si02. 27. A nmethod for fornlng an interconnect
openi ng conprising: 17 providing a sem conductor structure having a first
dielectric layer and a lower interconnect in said first dielectric |ayer;
form ng &%pasdhemisrepnneghns elagy &8, wherdn theleweripiereanedt is compaisedefPrgai d
i nterconnect ;

or more conductor from a group containing copper, aluminium, aluminium alloy,

tungsten, ﬁtahium, titanium nitride, tantalum nitride, and tungsten nitride.

25. The interconnect of claim 18, wherein the lower interconnect is copper.
26. The interconnect of claim 18, wherein the dielectric layers are one of the
* following;:

a. non-porous undoped silicon oxide,
b. porous undoped silicon oxide,
c. non-porous doped silicon oxide,
.d. porous doped silicon oxide,
e. non-porous organic material, porous organic material,
f. non-porous doped organic material,
g. porous doped organic material,
h. phophosilicate glass, or

i. 5i02.

27. A method for forming an interconnect opening comprising;:
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~formng a stack dielectric |ayer over said passivation |ayer; p(;)a%t er nziug_q
and etching said stack dielectric layer to forman upper i nt er doh8ERt
opening; formng an interface | ayer over the passivation |ayer, on

sidewal | s said upper interconnect opening and on top of said stack
dielectric |ayer wherein the interface layer is fornmed by a reaction
conprising: reacting [copper (Beta-diketonate)(L)] conplex with a :
sul fi de-contai ni ng conpound; wherein L in the [copper (Beta-diketonate)(L)]
conpl ex conppiedding asewicohdrectdradttvanira Baviag adlritelidectdn laydt\yna adbwar

phosphi ne; renoving said interface |ayer fromthe stack dielectric but not

fromt heiﬁgggg{@c{ﬁsaﬁfﬁrgﬁﬁge&ﬁpﬁ?eﬂ nt er connect openi ng; etching the
passivation |layer and interface fayer to open the bottom of the upper

apost o ¢ hr DTGRERERFRATO AB0 B LR RS oo Pha OGP e m 27,
wherein copper sulfide is deposited through chem cal vapor deposition. 18
-+ forming a stack dielectric layer over said passivation layer;
patterning and etching said stack dielectric layer to form an upper interconnect
opening; |
forining an interface layer over the passivation layer, on sidewalls said upper
iﬁ’cerconnect opening and on fop of said stack dielectric layer wherein the interface layer
is formed by a reaction comprising; reacting [coppér (Beta-diketonate}(L)] complex with
- a sulfide-containing compound; wherein L in the [copper (Beta-diketonate)(L)] complex
comprises one of the following: an a]keﬁe, an alkyne or a phosphine;
removing said interface layer from the stack dielectric but not from the sidewalls
of said upper interconnect opening;

etching the passivation layer and interface layer-to open the bottom of the upper

interconnect opening,.

28. The method of claim 9, wherein copper sulfide is deposited through chemical vapor

deposition.

29. The method of claim 27, wherein copper sulfide is deposited through chemical vapor

deposition.
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