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A Method to Create a Copper Diffusion Deterrent Interface 

BACKGROUND OF TifE INVENTION 

1. Field of Invention 

The present invention relates generally to an improved ultra large-scale integrated 

"(ULSD circuit having a copper sulfide interface layer. More particularly, the present 

invention relates to the fabrication of ULSI using a dual damascene process in 

conjunction with using a copper sulfide interface layer. 

2. Description of Prior Art 

The dual damascene process, in which metal is buried inside patterned grooves in 

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

USLI ~ircuits. Conventionally. metalli~ interconnects are formed by depositin~ a metallic 

layer over an insulating layer, for example~ a silicon dioxide layer. Then, the insulating 
.. 

layer is etched to fon_n a pattern of predefined.conductive lines so that a~ via hole 
...... 

can be formed between COD;dilctive.layers. Thereafter, metailic materi81. is "depG'lked mto 

the via hole to CQmplete vertical connection between tfle conductive layers forming an 

interconnect. Conventionally, there can be a passivation layer formed between the two 

condlldive1ayers. (See Fig. 1, 14} 

. Workers.in the art are aware that when the passivation layer or any other layer 

that is positioned on the top of a lower interconnect 12 is etched away from the bottom o~ 

the via hole the sputtering of the copper onto the via hole side walls 28 usually occur5. 

_____ :_ ____________________ Cg.DS~fillel!tJY.J;~~r ions have migrated into the dielectric material, which would result 
- -----···--··--·-··· ······· .... ·-·····-·· --····- ---·----

in a c~ge in device properties, and ~timately not being able to use the device. The 

current invention makes the use of a barrier layer optional th.us saving a costly step in 

... 



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 Example, U. S. Pat. No. 5,933,758 (Jain) 

teaches a barrier layer 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) 

teaches an S surface passivation process. Even ~hen the barrier layer is used·there is still 

a second problem and $at is that these barrier layers usually ha~e thin holes throughout, 

so that when the copper is deposited in the vi~.hole to form an upper interconnect. The 

copper diffuses into the dielectric materials, which again would result in a change in 

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

Other prior art have shown the use of copper sulfide as a layer. For example~ 

U. S. Pat Nos. 5,953,628 and 5,863,834 (Kawaguchi and Kawaguchi et al. respectively) 

teach the use of a copper sulfide on copper wiring. However, the use of copper sulfide is 

for preventing the oxidation of copper wiring, and it completely silrrounds the copper 

wiring. 

SUM1vf.ARY OF TIIB INVENTION. 

Accordingly, the present invention is to provide a method for forming a dual 

· damascene interconnect structure, wherein migration or diffusing of copper ions inje the 

dielectric ma~erial is deterred by depositing a copper sulfide interface layer. Moreover, 

another objective of the present invention is the cost savings of the barrier layer now 

being optional. 

A method for forming a dual damascene opening by providing a·semiconductor 
. --··-··------.-··- ··-··---·-·-·--·------·---- --·--·-··---··----··----·-·--------·-·---------------·---:-·--· ·-·---·-· 

structure having a first dielectric layer ~d a lower interco:Qllect, then forming a 

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



:J 

the passivation layer. then patterning and etching the stack dielectric layer to form an 

1lpper interconnect opening; and forming an interface layer over the passivation layer, on 

side,,wils of the upper interconnect opening and on top of the stack dielectric layer. 

Finally, patterning and etching the passivation layer to open the bottom of the upper 

interconnect opening and removing the passivation layer from the stack dielectric but not 

from the sidewalls of the uppei: interconnect opening. 

In the alternative forming the interface layer after the ·etChing and patterning. of 

. the passivation layer, and again leaving the interface layers on the sidewalls of the. upper 

interconnect opening after removing some of the interface layer .. 

The product of a semiconductor structure having a first dielectric layer and a 

lower interconnect. A passivation layer over the first dielectric laY:er; and then a stack 

dielectr1c layer over the passivation layer.- Finally, an upper interconnect opening 

through the stack die)ectric layer and said passivation layer having sidewalls consisting of 

an interface layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

IB-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 

etching away a passivation layer. 

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

barrier layer. 
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FIGS 3A and 3:8 show a cross-sectional view of a semiconductor in progression 

of manufacturing. wherein the interface layer is formed before etching away of a -
. 

passivation layer according to a first embodiment of the present.invention.· 

FIG 4A and 4B show a cross-sectional view of a semiconductor in progression of 

- · manufacturing wherein the interface lay~ is formed after etching away of a passivation 

layer according to a second embodiment of the present invention. 
. . . 

FIG 5 is a crQss-sectional view of a semiconductor of the present invention after. 

partial removal of the in~ce layer; .· 

FIG 6 is a cross-sectional view of a simplified structure with an interconnect. 

FIG 7 A through B show a cross-sectional view ofa semiconductor in progression of 
. '· . 

manuf~g steps in.producing a dual damascene semiconductor according to the 

present invention. 

FIG 8 A through B show a cross-sectional view of a semiconductor in progression 

. of manufacturing steps of a second embodiment in producing a dual damascene 
~ .. . .. 

. . 
semiconductor aecord.ing to the present invention.· 

FIG 9A and 9B show the two chemical routes to the.formation of copper sulfide. 

DETAILED DESCBIPTION OF THE INVENTION 

The ~ventors 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 considered 

prior art for the purposes of the patentability of this invention. The problem is the 

. ___ ___,n;ri__gm~o!l or ffi..!fus~g_ of copper ions into the dielectric material in prior art Fig. 1, and· _ ---·--:----·--·-·--·--·-·-------- -·---------=-·-. _____________ : ___ , ____________ --·--·-- ·-

the ~xpense of producing PEor art Fig. 2 with a barrier layer. 



.· 

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

particularly to Fig. 3A, a semiconductor structure 8 is provided. ·The semiconductor 

structure can be a wafer or a substrate including but not restricted to monocrystalline 

silicon, silicon-on-insulator (SOI) and silicon-on sapphire (SOS), with devices built 

therein and having overlying conductive and insulating layers. 

Then, a dielectric layer 10 having an interconnect 12 is formed over the substrate 8. The 

dielectric layer 10 (or insulating layer) includes but is not restricted to non-porous : 

undoped silicon oxide, porous undoped silicon oxide, non-porous· doped silicon oxide 

( dopants include phosphorus, boron, fluorine, nitrogen, c~on), porous doped silicon 

oxide, non-porous organic material, (e.g. SlLK from Dow Chemical), porous organic 

materials, non-porous doped organic materials ( dopfl:llts include fluorine, phosphorus, 

- .sulfer, car~on, 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 ThID layer). 

The lower interconnect 12 can be a contact to the wafer surface or device on the 

wafer or a higher level interconnect The interconnect comprises one or more conductors 

from.a gmup containing eopper, aluminum, aluminum alloy, tungsten, titanium, titaIIium 

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 

polysilcon, a polycide or other ~t~rials. In the case of copper, although the interconnect 

____________ 12 is sho~ to co~~~se a single layer (hence a single damas~e i~~~onnect), it should 

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

interconnect (not shown). 

s 
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A passivation layer 14 is fonn.ed above dielectric layer 10 and interconnect 12·: 

The passivationlayer 14 includes but is not limited to silicon nitride (SiN), silicon 

oxynitride, silicon carbide, or boron nitride and is most preferably 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. The 

dielectric layer can be comprised of only one, or of several ip.sulating layers and/or etch 

stop layers and/or cap layers. A preferred configuration is shown in FIG 5. The materials 

for dielectric layers 16, and 20 are the same as described for dielectric layer 10, and can 

be deposited by spin coating followed by themia.J. treatment or by vapor deposition. 

Dielectric layer 16 preferably has a thickness of between about 2000 and 10,000 A. 

An optional etch stop layer 18 is then {ormed on dielectric layer 16. The etch ~p 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. 

Next, another dielectric layer 20 (upper dielectric layer} is formed on etch stop layer 18. 

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

dielectnc layer 20 preferably bas a thickness of between about 2,000 and 10,000 !. · 

.... F'.~_y,_a cap laY.er 22, ~~ch:_!~ i:tl.~~_()ptiO~,_c8.D. ~ fo~ed on dielectric la~_er ___ .. ·-·-

20. The cap layer is preferably composed of silicon nitride, silicon oxynitride, silicon 

carbide or boron ni~de and most preferably silicon nitride. The cap layer preferably has 

____ _.,a~kne_s$ ~fb~een about 500 and 5,000 A. 

Many methods can be us5d to form the interconnect opening or d~l 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 opening 30 can 

-
have any shape and is not limited to a dual damascene opening. For example, the opening · 

30 can be a conventional straight walled interconnect or line opening. 

As shown in FIG 1, the dual damascene opening 30. can be considered as. 

s comprised of 2 openings: a bottom via (trench) opening 32 and a top trench opening 34. 

Th~ via openings can be formed in any order i.e. "via-first" approach.. FIGS 7 A thru 7B 

show a first embodiment and FIGS SA ~d 3B show a 2nd embodiment for forming.the 

dual damascene opening. 

Referring to FIGS 7 A and 7B, thereafter, a photo-resist layer 36, having a top 

10 trench 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 etching creates a.first trench pattern 34. Photo resist layer-36 and the .. 

optional BARC layer 37 are removed 
·, 

As shown in FIG 7B, ~other photo resist layer 38 with a bottom via (e.g. bottom 

15 trench) resist opening 32A is formed over an optional organic BARC layer 39 .. A 

bottom via openirig 32 is formed in the dielectric layer 16 stopping on the passivation 

layex: 14, -as shown in FIG 1. 

As sho~ ~-~~ 8A a first photoresist layer 36 .ha~g ~ ~c.>m ~a ~ist 

opening 32A is formed over the optional organic BARC layer 37. The optional B.ARC 

20 layer 37, cap layer 22, dielectric layers 20 and l6 and a partial etch of optional ·etch stop 

·. 

layer 18 are etched to f~-t!!.~.P~~m via opening 32 .. The removal of tb.~m@.st=----

and organic BARC layer then follow. 
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As shown in FIG SB a second photoresist layer 40 having a top via resist opening 

34A is formed over an optional organic BARC layer 39 as shown. The top via opening 34 

is etched in the optional cap layer 22 and dielectric layer 20, stopping on the optional etch 

·stop layer 18. 

The openings in the· organic BARC layer, cap layer, etch-stop layer and dielectric -

layer are etched using plasma-assisted dry etching wherein the. etching chemistry 

comprises one or more gases from a group containing fluorocarbon( s ), fluorine-

substituted hyelocarbon( s ), fluorine, hydrocarbon(s ), chlorine, chlorine-substituted 

hydrocarbon(s). fluorosulfer, oxygen, nitrogen, hydroge~ formiilg gas, carbon monoxide, 

argon and hydrogen bromide. Etching chemistry is tailored differently to each 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, befo~ 

the etch goes through passivation layer 14. The interface layer 26 includes coJ)per (I) 

compounds or copper (II) 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 chemical vapor deposition by 
... . .. . . . .•. ..... -

• • •••·•·--· -P'"- •• o 0 '• ••·:--••P•o -- o•o•••• •• ,,,,_ -.~--- -·-··---··-·• •••• 

reacting a copper (I) complex that incorporates a Beta-diketonate ligand and a ligand L 

with a sulfide-containing compound : 

· .. 

------~C=opper=~(Bl.:!::~Ja-diketo~~-© + sulfide-containing ligand 7 CuS + ... 
.. -----------·---· ·-·-·. ------------

Th~ 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 



ligand L in the copper (I) complex includes but is not limited to an alkene, an alkyne ~d 

-
phosphina (e.g. trimethylphosphine). The sulfide containing compound is preferably 

ammonium sulfide or hydrogen sulfide. A commercially available copper (beta-

diketonate)(L) complex is (trimethylvinysilyl)hexafluoroacetylacetonale'-copper (I), Cu 

( tmvs )(hfac) or better known as CupraSelect, ·manufactured by Schumacher Ltd. Cu . 

(tmvsXhfac) is a precursor for. ~e CVD deposition of copper and upon reaction with a 

sulfide containing ligand as represented in Fig. 9B, forms copper sulfide. The interface 

layer preferably has a thickness of between about 50 and 5,000 A. 

Next, as shown in FIG 3B, an etch of the interface layer 26 is followed by·an etch 
.· 

of the passivation layers 14, to expose the lower interconnect 12 .. Preferably an 

anisotrop~c plasma-assisted dry etching is performed to form·interfa~e spacers 26 on the· · 

sidewalls of the dielectric layers. See ~G 3B. The etching chemistry comprises one or 

more gases from a group containing chlorine, hydrogen bromide, ammonia, silicon 

tehachloride, chlorine-substituted silane, nitrogen, argon, hydrogen. and oxygen. Upon 
. . 

the etching of the passivation layer 14, the copper from the exposed 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-ammonia-silicon tetrachloride-nitrogen 

. . ~ . . ... 

chemistry are preferably used to remove interface layer 26. The interface layer does 

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

The chlorine-HBr cheiajstry ~t_!'C~~yes the interface layer 26 from the top of cap layer 

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

9 
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The passivation layer 14 is preferably removed using a plasma-assisted dry 

etching wherein etching chemistry comprises one or more gases from a group containing 

fluorocarbon( s ), fluorine-substituted hydrocarbon( s ), fluorine, chlorine, carbon 

monoxide, nitrogen~ and argon. 

Ai shown in FIG 5~ an upper interconnect 29 is formed in the interconnect-

. opening 30. The upper interconnect can be comprised of seed layers _and ~etal conductor 

layers. A barrier metal layer becomes optional in the presence of the interface layer, and 

is preferred to be absent The interconnect is formed of a metallic material is preferably 

copper or copper-aluminum alloy. 

Second Embodiment of the Invention 

- In a second embodiment of this invention. as. seen in Fig. 4A, the interface layer 

-26 is formed in the finished trenches or vi~ 32, 34 made by either scenario of 

conventional etching, after the etch goes through ~ivation laye! 14 (exposing the lower 

interconnect 12). The interface layer 26, as shown in FIG. 4B is f9rmed over the 

surfaces, the upper interconnect 29 is th.en formed in the interconnect opening 30. Here 

the interface layer 26, deters the upper interconnect material from diffusing into the 

dieleetric materials, and the barrier metal layer is no longer required. Whereupon ti.!.• . 

. res~stivitY or sh~et resistance of the interface laY.er 26 is undesirable, the interface layer at 

the bottom of the via in the dual damascene upper interconnect opening can, as an option, 

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

·the interfa.ce.1ay_~cin1act at tb.~~j9.?ail as .in!¢ace l!Yer ~cers. ' . · Therefore the · 
.. --~ ... _. ---·----:--·-------·-·-·----------·--

interf~ce lay~ is ·removed from the diel~cs, and lower interconnect, but not from the 

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

lO 



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

copper, a seed layer is formed by vapor deposition followed by electroplating or electro 

less plating and finally chemical-mechanical polishing (C:MP) completes the interconnect 

formation. 

Th.e invention's second embodiment interface layer (shown in FIGS 4A and 4B ) 

~liminates 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, Ta.N, Ti, 

etc. )deposited through physical vapor deposition, do not adequately cover the opening 
. . . 

sidewalls. In contrast, the invention's CuS interface layer 26 deposited through chemical 

vapor deposition, adequately covers the sidewall~ and prevents contamination from 

diffusing into the dielectric layers (ILD or IMD). With the invention's interface layer 26, 

no barrier layers are needed under the interconnect. 

FIG 6 shows a simplified structure (e.g. single damascene) where the mvention's 

.interface layer 26 is formed over the sidewalls 28 of via hole 30. A conventional straight 

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 dielecttic 

layer. Pfiig 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 understood by those skilled in the art that 
. . 

various changes in form, and details may be made without departing from $e ·spirit and 

--------·---------scope...of_theJnventjon. ______ -------------·-------------------·-··--··-··-=----·· ··-··---·- ____ ·----· ··-··· 
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CLAIMS 

What is claimed is: 

1. A method for forming a interconnect o_pening comprising: 

providing a semiconductor structure having a first dielectric tayer 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 arid etching said stack dielectric "layer to form an upper interconnect opening; 
. . 

forming an interface layer over the passivation layer, on sidewalls 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 l~yer to open the bottom of the upper 
·. 

interconnect ·opening. 

2. A method for forming a interconnect opening comprising: 

pro"\ciding-a semiconductor structure having a first dielectric layer and a lower 

· interconnect; . 

forming a passivation layer over said first dielectric layer and said interconnect; 

forming a stack dielectric layer over sai~ passiVation layer; · 

. ------·--------~.!t~~g_3!ld et~hi!!_g_~d ~k dielectric layer to form an UJ>Pe! ~!~r~nn~~9~g; _____ ····-· 

etchi~g of said pas~ivation layer to open a bottom of the upper interconnect opening; 
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forming an mterface layer over the lower interconnect, on sidewalls of said upper 

interconnect opening and on top of said stack dielectric layer. 

3. The method of claim 2 wherein said interface layer is removed from the stack 

dielectric, and from the lower interconnect, but not from the sidewalls of said upper 

interconnect opening. 

4. The method of claim l, wherein said stack diele~c layer consists of one dielectric 

layer. 

5. The method of claim 1, wherein said stack dielectric layer is comprised ofa second 

layer and a third dielectric layer. 

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

7~ The method of claim 1, wherein a metal is deposited in the upper interconne~ opening 
. .;;·· 

. to form an upper interconnect. 

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

'· 
third dielectric layer8. 

9. The method of claim 1, wherein a cap layer is formed on the stack dielectric iayers'. 

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

copper (Il1 compound 

11. The metho~ of claim l, wherein the interface layer is a· copper sulfide interface layer. 

12. The method of claim I, wherein the interface layer is deposited by using a chemical 

vapor deposition . 

. ... ___ !3. The method of claim I wh~_ said int~ace layer is ~~~d by_~~~~~n ~~!!11'.!i~iE:S.'.... ___________ _ 

reacting [cop~ (Beta-diketonate )(L)] complex with a sulfide-containing compound. 
. . -
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14. The method of claim ·13 wherein L in the [copper (Beta-diketonate )(L)] complex 

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

15. The method of claim 13 wherein the sulfidecontaining compound comprises either 

ammonium sulfide or hydrogen sulfide.· 

16. 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 tetrac;;hloride, chlorine-

substituted silane, nitrogen, argon and hydrogen.· 

17. The method of claim 1, wherein the lower interconne~ 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. 

18. The method of claim 1, wherein the lower interconnect is_ comprised of copper. 

19. The method of claim l, wherein the dielectric layers are one of the following: 
. . 

a. non-tJ<>rOus 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 materials, 

g. porous doped organic material, 

h. phosphosicate glass, or 
-----··------·---·--------------·-----------------.. ------------- -----·--···- -·-- ··------·---- ·-

i. Si02. 

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

14 
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a silicon nitride, 

b. silicon oxynitride, 'Tliiiflii 
c. silicon carbide, or 

d: boron nitride. 

21. An interconnect opening comprising:. 

A semiconductor structure having a first dielectric layer and a lower interconnect; 

passi\~ation layer over said first dielectric lay~ ~d said interconnect; 

a stack dielectric layer over -said .passivation layer; 

_an upper interCQnnect opening through said stack dieleC:tric iayer and said 

passivation layer having sidewajls consisting of an interface layer comprised of 

copper sulfide. 

22. The interconnect of claim 20, wherein said stack dielectric layer consists of one 

dielectric layer. 

2:f The interconnect ·of claim '.20, ~herein s;rid stack dielectric layer is coinprised of a 

second layer and a third dielectric layer. 

24. The interconnect of claim io, wherein a metai is in the upper interconnect ope~ to 

form an upper interconnect. 

25. The interconnect of claim 22, wherein there is an etch stop layer between the second 
. -·. - -- .. -. ·•··· - . . ... . - ······- -··· .... ·-· 

and third dielectric layers. 
. . . 

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

27. The interconnect of claim 20, wherein the lower interconnect is compris~~-~! ~~~-or __ 
·------------- ·----------------------------------------------------·--·····---· -·--·· 

more conductors from a group containing copper, al~um, aluminum alloy, tun~en, 

titanium, titanium nitride, tantalum, tantalum nitride and tungsten nitride. 
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28. The interconnect of claim 20, wherein the lower interconnect is copper. 

29. The interconnect of claim 20, wherein the dielectric layel'S 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. poro~ doped organic material, 

h. phosphosicate glass, or 

i .. Si02. 

30. The intercennect of claim 20, wherein the passivation layer is ori.e of the following: 

a silicon nitride, 

b: silicon oxynitride, 

c. silicon carbide, or 

d boron nitride, . 

---·- --··-· ·- --------------·-·-----------·-· -------------------------------------------·-···---·-··-----
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31. A method for forming a interconnect opening comprising: 

providing a semiconductor structure having a first di~lectric layer 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 l~yer to form an upper interconnect opening; _ 

forming an interface layer over the passivation layer, on sidewalls said upper interconnect 

opening and on top of said stack dielectric layer wherein the interface layer is formed by 

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

containing compound; wherein L in the [copper {Beta-diketonate )(L )] complex comprises 

one of the following: an alkene, an alkyne or a phosphµle; 

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

-· · upper interconnept opening: __ _ 

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

interconnect opening. 

---- ____ ,. ____ -····· ------------------
------------------------------ -- -----------· ---·- -------- ·- - ----- ... ---------- --------·-----·- ·- ---
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