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A Method to Create a Copner'Diffusion Deterrent Interface
| BACKGROUND OF THE INVENTION
1. Field of Invention |
Th.el present invention relates generally to an imnroved ultra large-scale integrated
(ULSI) circuit hnving a copper sulfide interféce layer. More particularly, the present
invention relates to the fabricatipn of ULSI using a dual demnscene process in
| conjunction with usmg a copper sulﬁde:in.tei'face layer.
2. Description of Prior At
| The dual damascenelprocess, in which metal is buried inside patterned grooves in -
- a snbsu'ate, is frequenﬂy used and -haélbeceme one of the best methods for fabdeating - ._ L
USLI circuits. Conventionally, metaﬂie interconnects are formed by depositing a metallic
layer over an insulating Iayer for example, a silicon diexide layer. Then, the insulating .
| layer is etched to form a pattern of predeﬁned conductive hnes so that a vertical via hole |
“ ._can be formed between conductwe layers Thereaﬁer metallic material is depeshed into
the via hole to complete vertical connectlon between the condncuve layers forming an
interconnect. Conventionally, there can be a passivation layer formed between the two
conductive layers. (See Fig. 1, 14) | -
. Workers in the art are aware that When the passwatlon layer or any other layer
that is positioned on the top of a lower interconnect 12 is etched away from the bottom of

the via hole the sputtering of the copper onto the 'via hole side walls 28 usually occurs.

Co_n,_s-_eQuently, eoppe_{_jgni have migrated mtothe dielectric material, which would result

. ina change in device properties, and ultimately not being able to use the device. The

current invention makes the use of a barrier layer optional thus saving a costly step in
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production of the devices. Others have striven to solve this problem by lining the via hole

with barrier metal layers (See Fig. 2, 24). For Bxarnple; U. S. Pat. No. 5,933,758 (Jain) -
teaches a barrier leyer over a dual damaécene opening. U. S. Pat. No. 5,693,563 (Teong)
- shows dual barrier layeré ina duel damascene process. U.S. Pat. No. 5,451,542 (Aslrbgr)
teaches an S surface passivation process.-.. Even v_vhen'the barn'er layer is used- there is still
a seeond problem and that is that these -ban'ier layers usually hex_/e thin holes throughout,
so that when the eopper is 'deposited in the via hole to form an upper interconnect. The
- copper dlffuses into the dielectric materials, which again would result i in a change in-
| device propertles and ulnmately not bemg able to use the dev1ce
Other prior art have shown the use of copper sulﬁde asa Iayer For example
U. S. Pat. Nos. 5,953,628 and 5,863,8_3_4 (Kawaguchi and K_awaguchl et al. respectively) =
teach the use of a copper sw.rlﬁde on eopper wiring. However, the .use‘of copper sulfide is
h for orev_enting_'the oxidaﬁon of copper Wiring, and it completely surrounds the copper
' SUMMARY OF THE INVENTION
Accordingly, the present irlvention 1$ to provide a method for forming a dual
" damascene interconnect structure wherein migraﬁon or diffusing of copper ions inte the
B drelectnc matenal is deterred by deposmng a copper sulﬁde mterface layer Moreover

: another objeetlve of the present invention is the cost savings of the barrier layer now

being optional.

A method forfo_rmlpg a dual damascene 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
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the passivation layer. Then patterning and etching the stack dielectric layer to form an

~ upper interconnect openitxg,' and fonm'ng an interface layer over the passivation layer, on

sidewalls of the upper interconnect opening and on top of the stack dielectric layer

T Fmally, pattemmg and etchmg the passivation layer to open the bottom of the upper

1nterconnect opening and removing the passivation layer from the stack dielectric but not |

from the sidewalls of the upper interconnect opening.
| In the altematxve formmg the interface layer after the etching and patterning of
the passwatxon layer and again leavmg the mterface layers on the 31dewalls of the upper
mterconnect opemng after removmg some of the mterface layer
The product of a semxconductor structure havmg a ﬁrst d1e1ectnc layer and a

lower interconnect. A passwatloh layer over the ﬁrst d1elecn'_1c lay_er, and then a stack
dielectric layer ever the passitzation layer.~ F ihally, an upper intercennect opening
through the stack dielectric layer and satd pass1va1:lon layer havmg sidewalls cons1stmg of

- . . N . A

| an interface layer.

o BRIEF DESCRIPTION OF THE DRAWINGS
- . Inthe accompanying drawings fomiing ematen'al part of this description there is
shown: | i

FIG. 1 shows a cross-sectional view of a semiconductor of the prior art before
etching away a passivation layer.

FIG 2. shows a cross-secuonal v1ew of a semiconductor "of the pnor art havmg a

barrier layer.
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FIGS 3A and 3B showa cross-sectlonal view of a semiconductor in progressmn
~of manufactunng wherein the mterface layer is formed before etchmg away ofa
: passivation layer according to a first embodiment of the present invention.’
FIG 4A and 4B sﬁow a cross-sectional view of a semicenductor in progression of |
" . manufacturing wherein the interface layer is formed after etching away of a paesi?ation B
layer according to a second embodiment of the present.invent-ion |

FIGSisa cross-secuonal viewofa semlconductor of the preseet invention after |
_ part:al removal of the interface 1ayer |
| - FIG 6 1s a cross-secuonal viewofa smphﬁed structure with an mtercomlect
FIG7A _through B'showa cross-sectlona.l view of a sem.tc_onductor in progressmn of
'_ manufac_turing steps in producing a dual .danlllasc'ene seﬁliconductor Iaccording ‘.co.th'e |
present invention. | o |

FIG 8 A through B show a cross-sectional view of a semiconductor in pro_gi'ess'ien
‘of manufacturing steps. ef a second embodiment in  producing a dual damascene
semlconductor accordmg to the present invention. |

FIG 9A and 9B show the two chemlcal routes to the formatlon of copper sulfide.

- - DETAILED DESCRIPTION OF THE INVENTION

The inventors diecovered the problem that is shown in prior art I-_‘IGS land?2.
This problem is solved by the present iﬁvenﬁon FIGS 1 and 2 are not to be considered
prior art for the pﬁrposee of the patentability of this inverition. The problem is the

migration 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.
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* The preferred 'embodiment of the invention is now described. Referring now more

particularly to Fig. 34, a sermconductor structure 8is pmV1ded ‘The semiconductor
structure can be a wafer or a substrate including but not restricted to monocrystallme
-silicon, sﬂlcon-on-msulator (SOI) and sxhcon-on sapphlre (SOS), with devices built
therein and having overlymg conductxve and msulat:ng layers.
Then, a dielectric layer 10 havmg an interconnect 12 is formed over the substraxe 8 The
d1e1ectnc layer 10 (or insulating layer) includes but is not restricted to non—porous
- undoped silicon ox1de porous undoped silicon oxide, non-porous doped sxhcon oxide
(dopanB include phosphorus boron, ﬂuonne mtrogen carbon) porous: doped s:hcon :
oxide, no'n-porous organic material, (e.g. SILK from Dow Chemical), porous organic
| materials, pon-porous doped organic meterials (dopants include ﬂuorine, phosphorus,
.sulfer' carbon, and m'trogen) and porous doped organic materials. The dd"electn'c layer 16
can be an inter-level dielectric. (ILD) layer (e g, formed on the wafer) or an mter metal
| d1electnc (IMD) layer (e g, formed ona ILD layer or another ]MD layer)
The lower interconnect 12 can be a contact to the wafer surface or device on the
wafer or a higher level interconneet The interconnect comprises one or more conductors
~ from a group containing copper, alummum, alup1inum alloy, tungsten, titanium, titarrium |
nitide antalu, tatalu niid, tungsten nitide bk s prfersbly comprised ofcopper
aﬁde barrier metal such as tantalumn nitride. The interconnect can also be composed of
polysilcon, a polycide or other rrlate_rials. In the case of copper, although the inrerconnect

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).
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A passivation layer 14 is formed above dielectric layer 10 and interconnect 12]

' The passivation layer 14 includes but is not limited to si_licon nitri&e (SiN), silicon o
oxyrliuide, silicon carbide, or boron nitride and 1s .m'ost prefemoly composed of SiN. The
passivation layer 14 preferably has a thickness of between about 500 and 5000 A. -

Next, we fonn a dielectric layer (e:g., 16,20) over the passivation layer. .Th'e
dielectrie layer can be co_mprised of orxly .one,.. or-of several insulating layers and/or etch
stop layers and/or cap layers. A preferred conﬂguration,is shoyvﬁ in_ FIG 5. The mat_erials

- for die_lectric -layers 16, and 20 are the san;e as describ.ed for dielectric layer 10, and can

be de;éosited by spin coating ':.follo'wed by thermal treatrrlent or by yapor deboSition -

Dlelecmc layer 16 preferably has a ’rhxckness of between about 2000 and 10 000 A.

. An optronal etch stop layer 18 is then fonned on d1electnc layer 16. The etch stop layer

is preferably comprised of silicon mtnde s:hcon oxynitride, sﬂlcon ca.rblde or boron -

mtnde and is most preferably compnsed of silicon nitride. The etch stop layer 18

preferably has thlckness of between about 500 and 5 OOOA | | N

| Next, another drelectnc layer 20 (upper dielectric layer) is formed on etch stop layer 18

The dielectric layer 20 can be comprised of the same materials as d1e1ec1nc layer 16. The

dielectrit layer 20 preferably has a thickness of between about 2,000 and 10, 000 A.

Fmally, a cap layer 22, whlch is also op’aonal can be formed on drelectnc layer :

20. The cap layer is preferably composed of silicon nitride, silicon oxynitride, silicon
carbide or boron nitride and most preferably silicon nitride. The cap layer preferably 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 self aligned via. The methods shown in this
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patent are not limiting and many other methods can be used. Also the opemng 30 can

have any shape and is not limited to a dual damascene opemng For example the opening

30canbea conventlonal straight walled 1nterconnect or line opening.

As shown in FIG 1, the dual damascene opemng 30 can be cons1dered as. |
compnsed of 2 openmgs a bottom via (trench) opemng 32anda ‘top trench opemng 34.
The via openings can be formed in any order i.e. wa-ﬁrst” approach.. FIGS 7A thru7B

show a first embod1ment and FIGS 8A and 3B show a 2mi embodlment for formmg‘the

. dual damascene openmg

Refemng to FIGS 7A and 7B, thereaﬂer a photo-reszst layer 36 havmg a top
trench resist opening 34A is formed over the optxonal orgamc bottom -anu-reﬂectwe

coating (BARC) layer 37, the BARC Iayer overlymg the optlona.l cap layer22. Then,a

: conventlonal etching creates a first trench pattem 34 Photo resist layer-36 and the -

optional BARC layer 37 are removed.

As shown in FIG 7B, another photo jesist.layér 38'Wifth_ a bottom via (e.g. bottom

trench) resist opening 32A is formed over an optional orgénic BARC layer 39.. ‘A

bottom via openi'n'g 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 photoresxst layer 36 having a bottom via resist ) o
opening 32A is formed over the optional organic BARC layer 37. The optxonal BARC
layer 37, cap layer 22, dielectric la_\yers 20 and 16 anda parual etch of optional etch stop

layer 18 are etched to form the bottom via opening 32. The removal of the ghoto re_§151

and orgamc BARC layer then follow.
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As shown in FIG 8B a second photoresiet layer 40 having a top via resist openi_ng'

34A is formed over an optional Organic 'BARC layer 39 as shown. The top via opem'ng 34
.' 18- etched in the optional cap layer 22 and dlelectnc layer 20, stoppmg on the opuona.l etch
.stop Iayer 8. |
The opemngs in the organic BARC layer cap layer etch-stop layer and dielectric -
layer are etched usmg plasma-assmted dry etching wherein the etching chelmstry |
comprises one or more gases _from a group contalmng ﬂuorocarbon(s), fluorine-
substituted hyelocarbon(s), ﬂuoﬁﬁe, hjdr'ocarbon(é), chlorine, chloﬂﬁe-subétituted o
hydiocarbon(s), ﬂu_c_ifosulfer, oxygee, nifrogem 'hydro_gen', forrﬁihg gas, carbon monoxide,
ai'gon and hydrogen bromide. Etching cheniietry is taiiored differently to eaeh layer that.
is etched. | .. | |
| First Embodiment of the Invention

In the ﬁrst embodlment of this invention, as shown i in FIG 3A, an 1nterface layer

: 25 is formed in the ﬁmshed vias made by elther scepario of convenuonal etchmg, be fOre .-

the etch goes through passivation layer 14. The mterface layer 26 mcludes copper (I)
compou_nds or copper (II) compou_nds and is preferably copper sulfide
- Next, the interface layer 26 pfeferébly cemprised of copper sulfide is deposited
 over the exposed surfaces. CuS canbedepesxted through chemical vapor depositit—m by -
reacting a copper (I) eomplex that incorporates a Beﬁdiketonate ligand and a hgandL |
| with a sulfide-containing compound : |

Copper (Beta-diketonate) (L) + sulfide-containing 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, acetylaetonate and trifluoroacetylacetonatle. The
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ligand L in the copper (I) complex includes but is not limited to an alkene, an alkyne and |

- phosph_ina (e.g- trimethylphosphine). The sﬁlﬁde containing compound is preferably
ammomum sulfide or hydrogen sulﬁde. A commercia.lly available copper (beta-
-diketooate)(I;) complex is (tn'methylvinySilyl)hexaﬂuoroecetylacetooalecopper @, Cu
(trnvs)(hfac) or bette‘r known as CupraseleCt-,-manufactured by Schumacher Ltd —C'u
(tmvs)(hfac) is a precursor for the CvDh deposﬁlon of copper and upon reactlon with a
sulfide conta.mmg ligand as represented in Flg 9B, forms copper sulﬁde The interface o -
layer preferably has a thxckness of between about 50 and 5,000 A |
Next, as shown n FIG 3B, an etch of the interface layer 26 i is followed by an etch

of the passivation layers 14, to expose the lower interconnect 12. . Preferably an’
amsotroplc plasma-a551sted dry etchmg is performed to form-mterface spacers 26 onthe
s1dewalls of the dielectric layers See FIG 3B. The etching chemlstry compnses one or |
~ more gases from a group contalmng chlorine, hydrogen bromide, ammoma, s1hcon
.tehachlonde chlonne-substltuted sﬂane mtrogen, argon, hydrogen and oxygen. Upon
the etchmg of the passwauon layer 14, the copper from the exposed mterconnect 12 that
is sputtered ontto the 51dewalls of the via is thus prevented from diffusion into the |
dielectric layer by the intei‘face spacers 26. ‘

A chllorine-_HBr.chemi.stry ora chlorine-ammonia-silicon ten'achloride-ni;:roge'n
chemistry are preferably used to remove interface layer 26. Theﬂinterface layer does

remain on the sidewall 28 of the semiconductor as shoWn in Fig. 5.

The chlorine-HBr chemistry thgt_fexpoyes the interface layer 26 from the top of cap layer

~ 22, layer 16 and the bottom of the via is performed.
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The passivation layer 14s pfeferably removed using a plasma-assisted dry

etching wherein 'etching chemistry comprises one or more gases from a group containing
" fluorocarbon(s), fluorine-substituted hydrocarbdfx(s), ﬂuori_né, chloﬁne, c;,arbon |
monoxide, 'nitrogen; and argon. | |
AS shown in FIG 5, an upper interconnect 29 is _fqmied in the interconnect-
.opening 30. The upper interconnedt can bc_: comprised of seéd layers and metal conductor
layers. A barrier metail_ laye_r'becomes optional in thé presence of the interface layer, and
is pieferred 1o be absent. The interconnect is formgc_i ofa métallic material is preferably .
copper or copﬁer-_alur_ninum alloy.
Second Embodimex_:t of tﬁe Invéntion
. In 2 second embodiment of ﬂlis invéntion, as seen m Fig; 4A, ihe iﬁterface layef
~26 is formed in the finished trenches or vias 32, 34 made by elther séenaﬁo of
convennonal etchmg, after the etch goes through passwatwn layer 14 (exposmg the lower
mﬁerconnect 12) The mterface layer 26, as shown in FIG. 4B is formed over the |
surfaces, the upper interconnect 29 is then formed in the mterconnect opening 30. Heré
the mterface layer 26, deters the upper mterconnect material from diffusing into the
d1eleetnc Thaterials, and the barrier metal layer is no longer requlrecL ‘Whereupon the -
) __resgstivity' or sh_eet reSistgnq_e of the interface layer 26 is undesirable, the interface layer at
the bottom of the via in the dual damascené upper interconnect opening can, as an option,

be removed by using the aforementioned plasma-assisted dry etching. The etching leaves

: thc_inlexfagﬂgle_rﬂintact at the sidewall as interface layer spacers. * - Therefore the

interface layer is removed from the dielectrics, and lower interconnect, but not from the

sidewalls of the upper interconnect opening. Preferably, the upper interconnect is formed

10
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of a metallic material, preferably copper or copper aluminum alloy. 1In the case _of

copper, a seed layer is formed by vapor deposition followed .by electroplating or electro
lese _plating and finally chemical-mechanical polishing'(CMP) completes the interconnect
formation. ‘ |

The inventiorr’s second embodiment interface layer (shown in FIGS 4A and 4B )

eliminatés problems' with the prior'art's barrier layers. As the openings get'higher aspect

ratios (e g, deeper and narrower openings), conventional barrier layer (e.g, TiN, TaN, Ti, |

etc. )deposrted through physrcal vapor deposition, do not adequately cover the opemng

s1dewalls In contrast, the invention's CuS mterface layer 26 deposrted through chemical -

vapor deposmon, adequately covers the sidewalls and prevents contamination from
drﬁ‘usmg into the dielectric layers (ILD or IMD) With the mventrons mterface layer 26,

no barner layers are needed under the mterconnect _ -

FIG 6 shows a snnphﬁed structure (e g. single damascene) where the mventron s

.mterface layer 26 is formed over the sidewalls 28 of v1a hole 30. A convenuonal s!ralght .

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 dielectgic

layer. Plug 29 is then formed in via hole 30.

_ 'While the invention has been particularly shown and described with reference to

the preferred embodiments thereof, it will be understo_od.by those skilled in the art that -

various changes in form, and details may be made without departing from the 'ep_irit and

scope._of the invention.

LA
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1. A method for forming a interconnect opening compr_ising: :

What is claimed is:

' providiﬁg a semiconductor strucﬁlre having a first dielectric i‘ayer'aﬁd. a lower

iﬁte;c_ohnect; B | -

forming a passivation l#yer over said: first dielectric layer and.said interconnect; -
. forming a stack dielectric layer over said passivation iayer; | | |
patterning and etghing said stack dielectric layer to foﬁn an upper intefconhect opening; |
forming an intérface layer over the passivﬁﬁoﬁ layér, on sidewalls said upper intercdnnect ..
opeﬁiﬁg and on fop of said stack dielectric lﬁyer;
removing said interface layer from the stack dielectric but not from the sidewalls of said

upper interconnect opemng

-

-etchmg the passwatlon Iayer and mterface layer to open the bottom of the upper
.mterconnect opening. | |

2. A method for forming a interc;onnect opening comprising;

providinga semiconductor structure having a ﬁrst dielectric layt;r and a lower
‘interconnect; . . |
forming a passivation'layer over said first dielectric layer and said interconnect;

forming a stack dielectric layer over said passivation layer;

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

etching of said passivation layer to open a bottom of the upper interconnect opening;

12
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fofming an inferface layer over the lower interconnect,_ on éidewalls of séid upper )
intercbnneét opening and on toﬁ of said stack dielecn':ic layer.

3. The method of claim 2 wherein said interface layer'is removed from the stack
dielectric, 'and’-ﬁ'0m the loWer int_ercdnnect,' but not from the Sidewalls of said upper
interconnect openiﬁg.

4. The method of claim 1, whe-rei_n.said stack dieief_:trié layer consists of one dielectric |
.Iayer

5. The method of claim 1, wherem said stack dlelectnc layer is compnsed of a second
layer and a third dlelectnc layer. |

6. The method of clalm 1, wherein the method is for fonmng a dual damascene opening:

7. The method of claim 1, wherem a metal is deposited in the upper mterconnect opening

=

‘to form an upper mterconnect

‘8. The method of claim 5, wherein an etch stop layer is formed between the second and

‘third dielectric layers.

9. The method of claim i, wherein a cap layer is formed on the stack dielectric layers.

10. The method of claim 1, wherein the interface layer is a copper (I) compound or a

~ copper (IB compound.

| 11. The method of claim 1, wheréin the interface layer is a copper sulﬁde.inierface—-layer.

12. The method of claim 1, wherein the interface layer is deposited by using' a chemical
vapor deposition.

13. The method of claim 1 whir_e_saidl interface layer is formed by a reaction comprising:

reacting [copper (Beta-diketonate)(L)] complex with a sulfide-containing compound.

13 .
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14. The method of claim 13 wherein Lin the [copper (Beta-diketonate)(L)] complex
comprises one of the following: an alkene, an alk.yn'e or a phosphine. |
15. The method of claim 13 wherein the sulﬁdecontaining compdund comprises either
ammonium sulfide or hydrogen sulﬁde . | |
~ 16. The method of clalm 1, wherein the interface layer is removed partially by plasma—
assisted dry etchmg wherem etchmg cheimstry compnses one Or more gases from a .
group contaimng hydrogen bromide chlorine, ammoma, 5111con teu'achlonde chlorine-
~ substituted sﬂ_ane, mtrogen, argon and hydrogen.
" 17. The method of claim 1, wherein tlie lower' interconnect is'co'mprised of one or rnor_e -'
conductors from a group containing copper, alummum alununum alloy, tungsten,
titamum, titanium nitride, tantalum, tantalum mtnde and tungsten mtnde |
18. The method of claim 1, wherem the lower mterconnect 1s. compnsed of copper.
19. The method of cl_ai_m 1, wherein' the dielectl'ic layers are one of the following: B
i non-po'rous' uncloped sil_icon oxide;
~b. porous undoped silicon oxide -
c. non-porous doped silicon oxide,
. d. porous doped silicon oxide,
€. non-porous organic material, porous organic material,
£ non-poroue. doped orgamc m.at.eriells,l -

g. porous doped organic material,

h. phosphosicate glass, or
i SiO2.

20. The method of claim 1, wherein the passivation layer is one of the following;

14
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c. silicon carbide,or '
d. boron nitride.
21. An interconnect opemng compnemg
._ A semlconductor su'ucture havmg a first dxelectnc layer and a lower interconnect;
_ pass:yatlon layer over said ﬁrst dielectric layer and said mterconneet,
a stack dielectric layer over sald passwauon layer;
an upper interconnect opening through said stack d1electnc layer and said
p_asswatlon layer having md_ew_a}ls consisting of an interface layer comprised of
| copper sulfide. | | | |
22. The intercohneet of claim 20, Whereih said stack_dielectric iayer consists of one
dielectric layer. |
23. The intereennect of claim 20, wherein sa1d Steck dielectric ieyer is eetht)ttsed ofa
second layer and a third dielectric layer. |
24. The interconnect of claim 20, wherein a meta is in the upper interconnect openingto
form an upper interconhect - |

25. The mterconnect of clatm 22, wherem there isan etch stop layer between the second |

' and th1rd dielectric layers
26. The interconnect of claim 20, wherein a cap layer is on the stack dielectﬁe layers.

27. The interconnect of claim 20, wherein the lower interconnect is comprised of one or ‘

more conductors _from a group containing copper, aluminum, aluminum alloy, tungsten,

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

15
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28. The interconnect of claim_20, whérein the lower interconniect is copper.

79, The interconnect of claim 20, wherein the diélec_tri_c layers are one of the following:

a. non-porous undoped silicon oxide,

b. porous undoped silicon oxidel

c. non-porous doped silicon oxide,

d. poroils doped silicon oxide,

e. non-porous organic material, porous organic material,

f. non-porous dbped_orgagic'matérial,. '

g porous aoped orgainic material,

h. phosphosicate glaés_, br :

i .Si02..

| 30. The intercennect of claim 20, wherein the pass_ivat_ion layer is one of the following:

a. silicon nitride,
~b. silicon oxynitride,
c. silicon carbide, or

d. boron nitride. .

- "

16
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31. A method for forming a inte:connect opening comprising:

- providing a semiconductor structure having a first dielectric layer and a lower

interconnect;

forming a passivation layef over said first dielectric layer andl sa1d interconnect;

formmg a stack dielectric layer over ‘said passivation layer

pattermng and etching said stack dlelectnc layer to form an upper interconnect opening; .

forming an mterface layer over the passxvanon layer' on sidewalls said upper mterconnect
.openmg and on top of sald stack dlelectnc layer wherem the interface layer is formed by

a reactlon compnsmg reactmg [copper (Beta-dlketonate)(L)] complex witha sulﬁde—

conta:mng compound wherem L inthe [copper (Beta—dlketonate)(L)] complex compnses -

one of the followmg an alkene, an alkyne or a phosphme

removmg sa1d mterface layer from the stack dxelectnc but not from the s1dewalls of sald

--upper interconnect opening: .. -

etching the passivation layer and interface layef to open the bottom of the upper "

interconnect opening.

17



