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A METHOD TO FORM DAMASCENE INTERCONNECTS WITH SIDEWALL 

PASSIVATION TO PROTECT ORGANIC DIELECTRICS 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The inven~ion relates to a method of fabricating 

semiconductor structures, and more particularly, to the 

formation of da.i:nascene interconnects using low dielectric-

constant materials in the manuf~cture of integrated circuit 

devices. 

· (2) Description of· the Prior Art 

With the continuing reduction in the feature size in 

the art of semiconductor manufacture, conductive traces apd 

aetive·devices are now fabricated very closely together . 

. This greater proximity has led to the tremendous packing 

densities of modern ultra large-~cale integration (ULSI). 

With these greater densit~es and closer device spacings h_as 
···---------·------- - -- ---- -- ·····- ·- . ---. ···----- - ·-·-··--··-·--- ··----------- --.. ----------------- .. ------- ---- ···- -- ·-···----. ··- --· -··-·· -·- ----------- -------- -·---- ----·--···-·-· ---·-····- - - ---····· ·- ..... 

come the problem of gre~ter capacitive.coupling between 

adjacent circuit elements. 



To reduce the capacitive coupling between elements in 

-
the circuit, while still achieving the essential electrical 

isolation, new dielectric materials have been developed and 
. . . - ..... - . . . .. - ·- ··-· - . . - ... . . .. . ·- ·-· -- ··- ·····. - .. - . -... 

introduced into integrated circuit manufacturing. These 

·new-materials typically are based on organic compounds ~hat 

may also contain inorganic elements, such as silicon. For 

example, spin-on-glass (SOG) materials, such as 

silsesquioxane have been introduced. Amorphous carbon 

dielectric materials and organic polymers have also· been 

applied in place of silicon dioxide. These new materials 

reduce the dielectric constant of the insulating ·1aye~ 

formed, thus improying circuit performance . 

. -- .... -·. 

There are· many difficulties to overcome in·using these 

new materials, however. One problem of particular concern 

is· stripping photoresist. Traditional methods and 

chemistries used for stripping etching these.new materials 

encounter problems as will be seen in the prior art 

example. 

Referring to ~ig. 1, a cross-section of a partially 
...• - - ·-----------·---·-·--·--···- -·---------·--··----------·--·- ----·-···-· -···---· ·------·- ..... -- ·------·· ·-·· ........... . ... ::;a. _________________ -···-··-·--· -- ·-··-···-···-·------····-·--·-------···-·-·-- . 

completed prior art integrated circuit device is shown. In 

~his example, a dual damascene via is being formed. A 

semiconductor substrate 10 is shown. The semiconductor 
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substrate 10 could be composed of silicon or of several 

mi~roelectronics layers such as insulator layers and 

conductor layers. Metal traces 14 are formed overlyingthe· 

semiconductor substrate 10. A passivatio~ layer. 18 

overlies and isolates the.metal traces 14. A first low 

dielectri_c constant layer 22 is app+ied overlying the 

passivation layer 18. The first low dielectric constant 

layer 22 comprises either an organic material or a 

carbon-doped silicon dioxide.· An etch stop layer 26 

overlies the first low dielectric constant material 22. A 

second low dielectric constant material 30 overlies the 

etch stop layer 26. The second low dielectric constant 

-
layer 30 also comprises either an organic material or a 

carbon-doped silicon dioxide. A capping layer 34 overlies 

the second l·ow dielectric constant layer 30. Finally, a 

photoresist layer 38 is applied overlying the capping layer 

34. 

Referring now to Fig. 2, the photoresist layer 38 is 

patterned to form openings where vias ·for the dual 

damascen~ interconnects are planned. The capping layer 34, 
. --- ·-··· ------·· ---· ··---·· ·-------···------ -·- --·--· --- . ---·--------·- - --------------------------·------ ------- ---···-·-----·- -··-·· ----. - ---

second low dielectric constant layer. 30, etch stop la~er 

Z6, and the first lo~ 4ielectric constant layer 22 are 
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etched through using the photoresist layer 38 pattern as a 

mask. 

Referring now to Fig. 3, the photoresist layer 38 is 

str.ipped away. A serious problem in the prior art method 

is illustrated. The photoresist stripping proce_ss can 

attack the first low dielectric constant layer 22 and the · 

second low dielectric constant layer 30.- A significant. 

amount of the low dielectric constant material can be 

removed, resulting in the bowing profile 42 shown. 

PhotQresist is typically stripped by a wet solvent or 

by an oxygen plasma. Unfortunately, wet solvents can 

attack inteifaces. The oxygen plasma, or ashing, approach 

is more frequently used to avoid this problem. Oxygen 

plasmas do.not typically damage silicon dioxide dielectric 

layers. However, the carbon .and hydrogen co~taining low 

dielectric constant materials are susceptible to attack by 

the oxygen radicals in the plasma. The bowing damage 

caused by the~xygen strip is not reparable .. It leads to 

poor damascene copper fill and to via poisoning problems . 
.. ---------··--- --· -···· ·--- -- - -·--· - ·-·--· -·····-· -·-·-----·-·----· - _______ ..,.._.._, ___ _ 

Several prior art approaches disclose methods to form 

interconnecting structures in the fabrication of integrated 
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circuits. U.S. Patent 5,536,681 to Jang et al discloses a 

process to· improve the gap filling capability of 03-TEOS. A 

selective plasma N2 treatment is performed on a PE-OX layer 
- --·· .. -· -· -·-··-·· -----·· -----····-··--·-- ...• -

to reduce the 03-TEOS tj.eposition rate and thereby improve. 

the gap fill c~pability~ U.S. Patent 5,759,906 to Lou 

teaches a method to improve planarization and to eliminate 

via poisoning in a multiple level m~tal process. A triple 

bake sequence is performed on .the spin-on-glass (SOG) layer 

to improve planarization. A high-density plasma 

fluorinated silicon glass (HDP-FSG) layer is deposited. 

The HDP-FSG layer is anisotropica~_ly etched to form 

sidewall spacers on the via Sidewalls. The presencJ: of the 

HDP-FSG sidewall spacers eliminates via poisoning. U.S. 

Patent 5;985,762 tb Geffken et al discl6ses a method to 

form a copper b~rrier layer on the sidewalls of vias to 

prevent·via poisoning. The barrier material is bulk 

deposited and then anisotropi_cally etched to form the 

sidewall liner. U.S. Patent 5,976,626 to Matsubara et al 

teaches a method to improve the crack resistance and to 

eliminate via poisoning. Various thermal treatments are 

disclosed. 
----------· ··--------------------------·-·-··---- ·---------·-··--------·--·--··-. --------······· -- ··-····- -. 
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SUMMARY OF THE INVENTION 

A principal object of the present invention is to 

provide an effective and very manufacturable method of 

forming damascene interconnects In the manufacture of 

integrated circuits. 

A further object of the present invention is to 

provide a method to form single and, dual damascene 

interconnects where low dielectric constant materials are 

used. 

A yet further object of the present invention is to 

provid~ a method to strip photoresist after trench etch 

such that a sidewall passivation is formed to line the 

trench. 

Another yet another further Object of the present 

invention is to provide a method to form a sidewall 

_passivation that protects the low dielectric constant 

materials from·oxygen plasma damage. 
···-----------·---·· --····---···· ···- ··-·· -··· ---·. _______ ,. __ ·- --···-- -·----·----- -·-- - --· -···· --·-·-··--·-- --- -·-·--- -·· 

Another yet furth.er object of the present invention is 

to provide a method to strip phot~resist using a sulfur-
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containing gas that simultaneously fo.rms a sidewall 

passivation. 

In accordance with the. objects of this invention, a 
I 

new method -of forming a damascene interconnect in the 

manufacture of an integrated circuit device has been 

achieved. The damascene interconnect may be a single 

damascene or a dual damascene. Copper conductors are 

provided overlying a semiconductor substrate. A first 

passivation layer is provided overlying the copper 

conductors. A low dielectric constant layer is deposited 

overlying the first passivation layer. An optional capping 

layer is deposited overlying the low dielectric constant 

layer. A photoresist layer is deposited overlying the 

capping layer. The capping layer and the low dielectric 

·constant layer are etched through to form via openings. 

The_ photoresist layer is .simu.ltaneously stripped away while 

forming a si.dewall passivation layer on the sidewalls of 

the via openings using a sulfur-containing gas. Sidewall 

bowing and via poisoning are thereby prevented. The first 

passivation layer is etched through °!;:() expos_~_ tt).e ..... : ____________ · _______ ···-· .. 
·- --- ···--- .. - .. ·---------- ---------·· --·----····--·-·..----- .... --·-· ---·· ······--·------ ·-· .. - - ··---- ···: -----· ---·-·-----··· .... ·-- .. - ·--

underlying copper conductors. A barrie~ metal layer is 

~eposited overlying the first passivation layer arid the 

underlying copper conductors and lining the via openings. A 

7 



copper layer is deposited overlying the capping layer and 

filling the via openings. The copper layer is polished 

down to complete the damas~en~_interconnects in the 

manufacture of the integrated circ~it device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings fqrming a material part 

of this description, there is shown: 

Figs. ~ through 3 schematically illustrate in cross-

section a partially completed prior art integrated circu.:i.t 

device. 

Figs. 4 through 8 schematically illustrate in cross-

sectional representation. the _preferred embodiment of the 

ptesent inve~tion applied to the fabrication of a sirtgle 

damascene interconnect. 

Figs·. 9 through 13 schematically illustrate i~ cross- - -·-'·--------·---··-·--
. --- ---·. - - -- ·---· -- ··-· ... -------···- - ·---·-·· ·---------- ---­----------·-··-- -----··----· --- --····· 

sectional representation the preferred embodiment cf the 

~resent invention applied to the fabrication of a dual 

damascene interconnect. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

.This embodiment discloses the application of the 

present invention to forming damascene interconnects with 

.low dielectric constant materials in the fabrication of an 
integrated circuit device. In par,ticular, organic material 

or carbon-doped ·silicon dioxide are preferably used as the 

low dielectric constant materials. It should be clear to 
.,... 

those experienced in the art that the present invention can· 

be applied and extended, for example, to new, but similar, 

compounds that are developed or applied to semiconductor 

manufacture. The preferred embodiment describes the 

application of the present invention to the formation of 

both single 'and dual damascene interconnects·. It should be 

clear to those skilled in the art that the p~esent 

invention can easily be applied to various damascene 

schemes. The present invention could be applied to many 

applications where photoresist must be stripped from an 

integrated circuit that contains an exposed low -dielectric 
- ·- .. ·- ·-··----· -----·····'""-"" -··· ·-···. --· -- ···-·· -· ·----·-···. 

constant material. 
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Referring now particularly to Fig. 4, there is shown a 

cross section of a partially completed integrated ci~cuit 

device of the preferred embodiment. A single damascene via 

will first be used-to demonstrate the present invention. A 

semiconductor-substrate 50 is provided. To simplify the 

illustration, the semiconductor substrate 50 is shown as a 

single layer. The base of the semiconductor substrate 50 · 

preferably comprises ~onocrystalline silicon .. The 

semiconductor substrate 50 may additionally comprise any of 

the several additional microelectronics layers, such as 

conductive lay~rs and insulator layers, interconnect 

structures such as vias, contact holes, and conductive 

lines, and device structures, such as gate electrodes and 

doped-junctions. 

Copper conductors 54 are formed overlying the 

semiconductor substrate 50. It is-understood that 

typically an insulating. layer, which is not shown, · wo.uld 

separate the copper conductors 54 from the semiconductor 

substrate 50. The insulating·layer may additionally 

comprise a barrier metal ~ayer or may only comprise a 
--· ... -------------·-------------····--·--'" ·-· -- - - -- ·····- ···---· -· ----·- --·· ,. _________________________________ -· --···· ·----···---. ··-- ---- ···--- - ····--·-------··--· 

barrier metal layer. It is also understood that the copper 

GOnductors 54 may be part of a dual damascene or single 

damascene interconnect structure, which is not shown. The 
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.- ..... 

copper conductors 54 may be formed in any of the known 

methods. For exa_mple, a copper layer 54 is deposited by a 

sequence of physical vapor deposition (PVD), ... :" 

electroplating, and chemical mechanical polishing (CMP) . 

The_ copper layer- .54 is then patterned to form· copper 
.... 

conductors. A first passivation layer 58 is deposited 

overlying the coppe:r conductors 54.. The purpose of the 

first passivation layer 58 is to prevent out diffusion of 

copper from the copper conductors 54 into overlying 

dielectric materials. The first passivation layer 58 

preferably comprises silicon nitride that is deposited to a 

thickness of between.about 500 Ang§troms and 5,000 
···•'·"' 

Angstroms4 Alternative first·passivation layer 58 materia,ls 

include, but are not restricted to, silicon oxynitride, 

BLok by Applied Materials. Corp., silicon carbide, and boron 

nitride. 

A first low dielectric constant layer 62 is deposited 

overlying the first passivation layer 58. The purpose of 

the first low-dielectric constant layer 62 is to provide a 

dielectric barrier for the subsequently formed s·ingle 
·---·· ·············--··- -··· ...... ·--.. ····-··-·· ·- ···----· d.ainB.Scene interconnects. In addition, by using a material 

with a ·1ow dielectric constant, the capacitance loading and 

coupling problems can be minimized. The first low 
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dielectric constant layer 62 preferably comprises organic 

material, carbon-doped silicon dioxide, or hydrogen-doped 

silicon dioxide. Alternativei~, undoped silicon dioxide or 

f1uorinated· silicon dioxide may be.used .. Material types 

that fall under these descriptions and that could be used. 

to form the first low dielectric constant .layer 62 include, 

but are not limited to: porous organic materials, non-

porous organic materials, porous fluorinated organic 

materials, non-porous fluorinated organic materials, porous 

hydrogen-doped silicon dioxide, non-porous hydrogen-doped 

silicon dioxide, porous carbon-doped silicon dioxide, and 

non-porous carbon-doped silicon dioxide. Specific 

materials include, but are not limited to: SiLK by Dow 

Chemica,,lCorp., .. FLARE by_Allied Signal Corp. or Honeywell 

Corp., . amorphous fluorocarbon (a-C: F) , PTFE,· Teflon, 

parylene-F, parylene, alkyl silsesquioxane, aryl 

silsesquioxane, poly(silazan~), poly(arylenelether, Black 

D~amond ·by Applied ·Materials Corp., Coral by Novellus . . 

~orp.,.fluori~ated poly(ar~lene) ether, ~nd hydrogen 

sils~squioxane. The first low dielectric constant layer 62 

may be deposited by spin coating. The spin coating may be 

····· ·--· -- -·--·fo-llowe·ci" ·by- agi"ngc5.r-15ST--atnerrnar·t-reatmeii_t ___ i·n- a- .£\ir.nac·e·--o-r·-·---------·-------
~n rapid thermal annealing (RTA) equipment. The first low 

dielectric constant layer 62 is p~eferably deposited to a 
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thickness of between about 2,00Q Angstroms and 10,000 

Angstroms. 

An etch stop layer 66 is. deposited ·overlying the· first 

low dielectric constant laye~ 62. The etch stop layer 66 is 

optional to the ess,ntial method of the presen~ in~ention~ 

The etch stop layer 66 is not necessary to the formation of 

the single damascene interconnect, however, the dual 

damascene trench etching method of the preferred embodiment 

uses this etch stop layer 66 to facilitate creation of the 

upper level, or interconnect, trenches. The etch stop 

layer 66 may comprise, but.· is not limited to, silicon 

nitride; silicon oxynitride, BLok by Applied Materials 

Corp., silicon carb~de, or boron nitride. The etch stop 

layer 66 preferably comprises silicon nitride that is 

deposited by CVD. The etch stop layer 66 is deposited to a 

thickness of between about 509 Angstroms and_S,000 

Angstroms. 

A second low dielectric constant layer 70 is deposited 

overlying the etch stop layer 66. The purpose of the 
······-- -·-------·--·--··: 

. ··- _____________ ... -·--------------------- -- -- ----- ·------ .------- ·-·-- -----·- --····· ----------· 

second low dielectric constant layer 7~ is to provide a 

~ielectric barrier for the subsequently formed single 

damascene interconnects. As with the first low dielectric 
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constant layer 62, capacitance loading and coupling 

problems are minimized by the material .. In the formation 

of the single darnascene interconnect, the second·low 

dielectric layer 70 is not necessary. The second low 

dielectric constant layer 70 preferably comprises organic 

material, carbon-doped silicon dioxide, or hydrogen-doped 

silicon dioxide. Alternatively, undoped silicon dioxide or 

fluorinated silicon dioxide m~y be used. Materials types 

that fall. under these de~cription and that could be used to 

form the second low dielectric constant layer 70 include, 

but are not limited to: po·rous organic materials, non-

porous organic materials, porous fluorinated organic 

materials, non-porous fluorinated organic materials, porous 

hydrogen-doped silicon dioxide, non-porous hydrogen-doped 

silicon dioxide, porous carbon-doped. silicon dioxide, and 

non-porous carbon-doped silicon dioxide. Specific 

materials include, but are no.t limit..,~d to: SiLK by Dow 
.... 

Chemical Corp., FLARE by Allied Signal Corp. or Honeywell 

Corp., amorphous fluorocarbon (a-C:F), PTFE, Teflon, 

parylene-F, parylene, alkyl silsesquioxane, aryl 

silsesquioxane, poly(silaz~ne), p~ly(arylene)ether, Black 
-----·----------------·-· -··-·· - ---- ·-- -· - . - ~- -· .. -· .. ---- . -- ... -·---- .. ---- --· -- . - ·-·-··----·-···-· ·-·· ----- --- -··- .. ···- .. __ --------· -----· 

Diamond by Applied Materials Corp., Cor~l by Novellus 

Corp., ·fluorinated poly(arylene) ether, and hydrogen 

silsesquioxane. The second low dielettric constant layer 
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70 may be deposited by spin coating. The spin coating may 

be followed by aging or -by a thermal treatment in a furnace 

or in rap"id thermal annealing (RTA) equipment. The second 

J.OW dielectric constant layer 70 ·is preferably deposited to 

a thickness of between about 2,000_Angstrorns and 10,000 

Angstroms. 

A capping layer 74 is deposited overlying the second 

low dielectric constant layer 70. This capping layer is 

optional to the essential features of the present 

invention. If used, the capping layer 74 may serve two 

purposes in the embodiment. First, the capping layer 74 

protects the second low dielectric constant layer 70 from 

contamination, particularly from copper, ctu·ring the 

processing sequence. Second, the capping layer 74 may be 

used as a polishing stop during the polish down of the 

copper layer. The capping layer 7 4. p·referab~y comprises 

s:i.licon ·nitride, silicon oxyriitride, or silicon carbide 

that has been deposited by CVD to· a thickness of between 

about 500 Angstroms and 5,000 Angstroms. 

-~·--··-··--···-·---·-··-···----------·As· ··a:-ri"·TmpOrtaflt .. feature, ari ··organic photoreslst l~yer 

7,8 is deposited overlying the capping layer- 74. An 

optional organic bottom anti-reflective coating {BARC) may 
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also be applied. The photoresist layer 78 will be 

patterned to form a mask for the vias or trenches. The 

photoresist layer 74 may comprise one of the several light 

sensitive compounds that are conµnonly used in the art. 

Referring now to Fig. 5, another important feature is 

illustrated. The photoresist layer 78 is patterned to ·form 

openings where vias or trenches are planned for the single 

damascene interconnects. The photoresist layer 78 may be 

patterned using a typical photolithographic process where 

it is exposed to light through a mask. A developing 

process removes the undesired photoresist layer 78 to 

expose the capping layer 74, or the optional BARC layer, 

where-the vias or trenches are planned. 

-
The optional BARC layer, -the optional capping layer 

·74, the second low dielectri~ constant laYer_70, the 

optional etch stop layer 66,_ and the first low dielectric 

·constant layer 62 are etched through to form the vias or 

trenches_. This etching is performed using an anisotropic 

plasm~-assisted dry etch. Note that the etch is stopped at 
-------·-- .. -·--·· ·-~ --·· ---- ····---.--- ···-·---·-·· ····· ... ···-·- ·----· . -· ---·· --.... ··- ,,.. 

- '"""Erie -frrst -passrvat-foi1···r;iy.e"i: ·59·:· ..... By ·-sto.pping the etch at 

the first pas~ivation layer 58, the copper conductors 54 

are not yet exposed. This is an important feature of the 
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present invention because the copper material of the copper 

conductors 54 remains encapsulated by the first passivation 

layer 58. This prevents copper out-diffusion into the low 

-
dielectric constant materials. 

Referring now to Fig. 6, an important aspect of the 

present invention is described. The photoresist layer 78 

is stripped away while a first sidewall passivation layer 

82 is formed on the sidewalls of the vias or trenches. 

As a unique feature of the present invention, a 

sulfur-containing gas is used in pJ.ace of the oxygen plasma 

to stri~·awa~ the photoresist layer 78 and the optional 
.. 

·organi"c BARC layer. This sulfur-containing gas reacts with 

the first and ~econd low dielectric cohstant layers 62 and 

70. The reaction of the sulfur-containing gas with the 

organic or carbon-doped mater~als results in .a sulfating or 

sulfonating action. Th~ result of the reaction is the 

formation of a sulfur-containing sidewall passivation layer 

82 on the .sidewalls of the low dielectric constant layers 

62 and 70. 

The bowing PFOblem, encountered in the prior art 

example, is prevented in the prese~t invention. The 
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anisotropic etching profile is maintained. In addition, 

the sulfur-containing sidewall passivation layer 82 can 

trap copper that may be released during the subsequent etch 

through of the first passivation layer 58. This prevents 

copper diffusion into the low dielectric constant layers 62 

and 70. Finally, via poisoning problems are prevented by 

the presence of the sidewall passivation layer 82. 

The sulfur-containing gas may be applied using· plasma 

to etch the photoresist. The plasma is generated in a 

reaction chamber at a temperature of between about 20 

degrees C and 300 degrees C and a pressure of between about 

0.01 Torr and 20 Torr. Microwave or RF power is 

capacitively coupJ:_ed to the plasma at an energy of between 

about 100 Watts and 5,000 Watts. 

Alternatiyely, the suliur-containing gas caQ be 

.applied without plasma. The etching temperature is between 

about 20 degrees C and 300 degrees C. The pressure is 

maintained at between about 0.1 Torr and 760 Torr. 

-·-····-·· ---- .. ·--··· ---··- ------· -·-----·--·-·--·· ---· ·-----
The sulfur-containing gas comprises sulfur dioxide 

f~02), ~ulfur trioxide (S03 ), or a mixture of sulfur dioxide 

and sulfur trioxide. The sidewall passivation layer 82 
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formed by the sulfating or sulfonating reaction has a 

thickness of between· a.bout 5 Angstroms and 100 Angstroms. 

The present invention forms the sidewall passivation layer 

82 at a rel.atively low_ temperature. The novel approach of 

the present i1:1vention forms_ the advantageous sidewall 

passivation layer 82 without any additional processing 

steps. 

As a further alternative, oxygen gas ~ay be added tq 

the sulfur-containing gas in the same reaction chamber 

conditions, with or without plasma generation. In this 

case, the ratio of the flow rate of oxygen to the flow rate 

of the sulfur-containing gas is between about 1:1000 and 

l: 1. 

Yet another alternative is to sequentially etch, first 

with the sulfur-containing ga_s, then with oxygen plasma. 

I~ this alternative, the sulfur-containing gas radicals 

passivate the sidewalls of the dieiectric·1~yers 70 arid 62 

and partially strip the photoresist layer 78 and the BARC 

layer. The passivation layer 82, thus forme~, prevents· the 

·-····---·· ·- ·····-- · --oxygen--pla·sma·--radi·ca1s····from · attackit1g the first· a·na-sec·o-na-·-------------------

~ow · ctielectric constan€ layers 62 and 70: 
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Referring now to Fig. 7, the first passivation layer 

58 is etched through to expose the underlying copper 

conductors 54. During the etching process, some of the 

copper may be sputtered 86 onto the passivation layer 82 on 

the sidewalls and the top of the capping layer 74. In.the 

. '* . 
prior art, the copper ions would typically diffuse into the 

low dielectric constant layers 62 and 70. 'In the present.· 

invention, however, ·the presence of the sidewall 

passivation layer 82 preven~s copper diffusion by trapping 

the copper ions. 

Referring now to Fig. 8, the single damascene 

interconnects are completed. A barrier metal layer 88 is 

be deposited overlying the sidewall passivation layer ·92 

and the copper conductors 54 and filling the trenches. A 

copper layer 90 is then· deposited overlying the barrier 

layer 88 and filling the via ~r trench openi~gs. The 

b~rrier metal layer comprises, for example, tantalum . . . 

nitride, titanium nitride, tungsten· nitride, or tantalum. 

The copper layer .90 may be deposited by a physical vapor 

deposition (PVD), a chemical vapor deposition (CVD}, or by 

-a·-~>ra.tTng ·proc:·e-s·s-·:-- 'i'fie···-copper--1a-Yer ··-i5-t:i1e_n ___ poi_i.~i1eci·--~i~~~--···-···-- ···· ····· -···-

to the top surface of the capping layer 74 to complete the 

single damascene interconnects in the manufacture of the 
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integrated circuit device. The polishing down process 

would comprise a cnemical mechanical polishing (CMP) 

process. The capping layer 74 serves as a polishing stop.· 

Refer.ring now to Fig. 9, the· present invention is 

applied to the creation of a dual damascene interconnect. 

In this. case~ the etched opening of Figs. 5 and 6 would 

comprise the via opening. Continuing the process after the 

stripping and sidewall pass.ivation step shown ·in cross-

section of Fig. 6, a second photoresist layer 94 is 

deposited overlying the optional capping layer 74. An 

optional BARC layer may be qeposited overlying the second 

photoresist layer 94. The second photoresist layer 94 is 

patterned to form openings for the interconnect trenches.· 

The second photoresist layer may be patterned using a 

typical photolithographic process where it is exposed to . . 

light through a mask: A deve;Loping process ~emoves the 

undesired second photoresist layer 94 to expose the capping 

layer 74, or the optional BARC layer, where the trenches 

·are planned. 

·-------------· -----······---··-·-·· -----· ······ . --· . . .. -·-... ----·· ---·-··-· ------·--··- ---··-·-·Refei~ring now. to Fig. 10, the optional BARC layer, the 

optional capping layer 74 and the second low dielectric 

constant layer 70 are etched throu~h to form the 
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interconnect trench. This etching is performed using an 

anisotropic, plasma-assisted dry etch. Note that the etch 
.. 

is stopped at the etch stop layer 66~ Here the use of the 

. . ... . .. . - . -.. 
optional etch stop layer 66 facilitates easier.formation of 

separate interconnect and via levels in the dual damascene 

structure. 

Referrin-g now to Fig. 11, an important aspect of the 

present invention is described .. The photoresist layer 94 

is stripped away while a second sidewall passivation layer 

98 is formed on the sidewalls of the interconnect trench. 

The photoresist layer 94 is ~tripped using a sulfur-

containing gas. 

This sulfur-containing gas reacts primarily with the 

now exposed second low dielectric constant layer 70. The 

reaction of the sulfur-·containing gas with the organic or 

carbon-doped materials 'results in a sulfating or 

sulfonating-~ction. The result of the reaction is the 

formation of a second sidewall passivation lay~r 98 on the 

sidewalls of the second low dielectric constant layer 70. 

··-------------------···· ---·------·--·-·-····------ --- ·-··--·· ·-·······--· ·-· --·-

The sulfur-containing gas may be applied using plasma 

to etch the second photoresist lay~r 94. This plasma would 
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be generated in a reaction chamber at a temperature of 

between about_20 degrees C and 300 degrees Cando. pressure 

of between about 0.01 Torr and 20 Torr. Microwave er RF 

~ower is capaciti~ely coupled to the plasma at an energy of 

between about 100 Watts and 5~000 Watts. 

Alternatively, the sulfur-containing gas can be 

applied without plasma. The etching temperature is between 

about 20 degrees C and 300 degrees C. The pressure is 

maintained at· between about 0.1 Torr and 760 Torr. 

The sulfur-containing gas comprises sulfur dioxide 

(S02), sulfur trioxide (S03 )~ or a mixture of sulfur dioxide 

and sulfur trioxide. The second sidewall passivation layer 

98 formed by the sulfating or sulfonating reaction has a 

thickness of between about 5 Angstroms and 100 Angstroms. 

The. pres_ent invention forms the second sidew~ll passivatic::m 

layer 98 at a relatively low temperature. The novel 

approach of the present invention forms the advantageous 

second sidewall passivatiop layer 98 without any additional 

processing steps: 
-· -·-- -·· ... - ···-·· ··-·-· .. ···- ... . ·---·-----.------·-

As a furtner alternative, oxygen gas may be added to 

the sulfur-containing gas in the same reaction chamber 
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conditions, with or without plasma generation. In this 

case, the ratio of the flow rate of oxygen to the flow rate 

of the sulfur~containing gas is between about 1:1000.and 

1:1. 

Yet another alternative is· to sequentially etch, first 

with the sulfur-containing gas, and then with oxygen 

plasma. In this al ternati v·e, the sulfur-containing gas 

radicals passivate the sidewalls of the dielectric layer 70 

to form the second passivation· layer 98 while partially 

stripping the second photoresist layer 94 and the optional 

BARC layer. The secorid passivation layer 98, along with 

the previously formed passivation layer 82, thus formed, 

prevent the oxygen plasma radicals from attacking the first 

and second low dielectric constant layers 62 and 70. 

The bowing problem is -ag_ain prevented while the 

anisotropic etching ·profile is maintained. In addition, 

the second sidewall pas~ivation layer 98 can trap copper 

and copper compounds that may be sputtered during the 

subsequent etch_ through of the £irst passivation layer 58. 
··-- ··- -··· . --·---· ·---·-·-­···---------- ------·-· ----- --- . -·-··-··- ---- - -- ··--- ------ --- - ·- .. -· -- -- . . .. . . . -- . ------·--. -

Finally, via poisoning problems are prevented by the 

P,resence of the second sidewall passivation layer 98. 
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Referring now to Fig. 12, the first passivation layer 

58 is etched through to expose the underl1ing copper 

conductors 54. During the etching process, some of the 

coppe~ or copper compounds may be sputtered 102 onto the 

sidewalli and possibly the top of the capping layer 74 and 

.the optional etch stop layer 66. In the prior art, the 

copper ions· would typically diffuse into·the low dielectric 

constant layers 62 and 70. In the present invention, 

however, the presence of the first sidewall passivation 

layer 82 and the second sidewall passivation l~yer 98 . 

prevents coppet diffusion by t~apping the copper ions. 

Referring now to Fig. 13, the dual damascene 

interconnects are completed. A barrier metal layer 104 is 

deposited through vapor deposition overlying the first 

sidewall passivation layer 82, the second sidewall 

passivation layer 98 and the ~ptional etch stop layer 66. 

and thereby lining the trenches. A copper layer 106 is 

deposited overlying the barrier metal layer 104 and ~illing 

the via and interconnect openings. This barrier metal layer 

104 would comprise, for example, tantalum nitride, 
- ·-----------------------------···· -----·---·-···· 

tantalum, tungsten nit.ride, or titanium nitride. The 

~opper .layer 106 is deposited by vapor deposition and 

electroplating and is then polished down to the top surf ace 
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of the capping layer 74 to complete the dual darnascene 

interconnects in the manufacture pf the integrated circuit 

device. The polishing down process would comprise a 

chemical mechanical polishing (CMP) process. The capping 

layer 74 serves as a polis~ing stop. 

As shown in the preferred embodiment, the present 

invention provides a vety manufacturable process for 

forming single or <;iual damascene interconnects. The novel 

formation of a sulfur~containing sidewall passivation on 

the sidewalls-of the damascene openings prevents bowing and 

via poisoning due to the oxygen plasma process used to. 

strip photoresist. The method creates this sidewall 

passivation by using a sulfur-containing gas to strip 

photoresist. No additional processing steps are therefore 

required~ 

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 deta-ils may __ p~ .r:naoe .. ---·····-··-··--···-··-··--··-··-·· 
.. ·- ·- -·-·· -·-··. .. -- ·- ...... - . ----· - ···-···-· --. 

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

without departing from the spirit and _scope of the· 

±nvention. At the same time, it is-~vident that the same 

methods may be employed in other, similar process steps 
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that are to numerous to cite. For example, the approach of 
.. 

the present invention may be extended and applied to. the 

formation of tripl~-le~e~,_ .?.r gz:_~atE?r, damascene structures 

with?ut departing from the sp~rit and scope of the 

invention. 

Furthermore, the dual. darnascene structure that is 

illustrated herein is formed "via first." The structure can 

also be formed "trench first" or by using a "self-aligned 

via" technique or by another well-known technique of.the 

art without departing fr.om the scope and spirit. 

What is claimed is: 

.. ·-----... -·-·------·-·--··-- -- -·-··--· , ____ . ·- -.- --· ·----·· -- ·-- - . 
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1. A method to form damascene interconnects in the 

man_ufacture of an in-t:egrated circuit device comprisi{lg: -

providing c9pper conductors overlying a semiconductor 

- substrate; 
~ 

providing a firs~ passivation layer overlying said 

copper conductors; 

depositing a low dielectric constant layer overlying 

said first passivation layer; 

depositing a photoresist layer overlying said low 

dielectric constant layer; 

patterning said photoresist layer to form a via mask; 

thereafter etcihing through said low dielectric 

constant layer to form said via openings; 

simultaneously stripping away said photoresist layer 

and forming a· sidewall passivation layer on the sidewalls 

of said via openings by using a sulfur-containing gas; 

etching through said first passivatio~ layer to expose 

·underlying_ said copper conductors; 

depositing a barrier metal layer overlying said first 

passivation layer and filling sai9 via openings; 

depositing a C?J?.P:~-----1-~.:i:'.:~.r· _ ?_V.-~.:;:-~Y~J:lg_ said barrie.~.-~E!.t.a.l,_· ....... ··-·····-· ··-·---··----·-----..:. ·----· ... ·····----- ·- ..... - ..... -· 

layer and filling said via openings; and 

polishing down said copper layer to complete-said 

damascene interconnects in the manufacture of the 
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integrated circuit device. 

2. The method a~cording to. Claim 1 wherein said .damascene .. 

interconnects comprises one of the group of: single 

damascene interconnects and dual damascene interconnects. 

3. The method according to Claim 1 wherein said low 

dielectric constant layer comprises orte of the group of: 

porous organic materials, non-porous organic mater-ials, 

porous fluorinated organic materials, non-porous 

fluorinated organic materials, porous carbon-doped silicon 

dioxide, n-on-porous carbon-doped silicon dioxide, porous 

hydrogen-doped siliqon dioxide,.and non-porous hydrogen-

doped silicon dioxide. 

4. The method according to Claim 1 wherein said first 

passivation layer comprise~ one of the gro~p of silicon 

·nitride, s~licon oxynitride, -BLok by Applied Material, 

silicon carbide, and boron nitr~de. 

-
5. The method according to Claim 1 further comprisJ.ng. 

... ---- .. .. . . . .. -· .. - -·· ··-··- . ··--·~ ........ .... -····-·--··-------·--·--·-- -· ---·. -·-··-

~epositing a capping layer after said step of d~positing a 

low dielectric constant layer and prior to said step of 

depositing a photoresist layer wherein said capping 
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layer comprises one of the group of: silicon nitride, 

silicon oxynitride, and silicon carbi~e. 

6. The method according to Claim 1 wherein said_ 

sulfur-containing.gas comprises_ one of the group of: sulfur 

dioxide, sulfu~ trioxide, and a mixture pf sulfur dioxide 

and sulfur trioxide. 

7. The method according to Claim 1 . wherein said step of 

simultaneously stripping away said photoresist layer is 

performed without·· a plasma at a temperature of between 

about 20 degrees C and 300 degrees C and a pressure of 
-

between aboqt 0.1 Torr and 760 Torr. 

8. The method .according to Claim 7 further comprising.adding 

oxygen gas to said· sulfur-containing gas wherein the ratio 

of the flow rate of said oxygen gas to the flow rate of 

·said sulfur-containing gas is between about 1:1000 and 

1: 1. 

9. The method ~ccording to Claim 1 wherein said step of 
-· -. -· -··-··- ·-·····----··-- ·.- ---------- --·--------·----- -- ---- --··-- ---------- ·-·- ·····- .. --·····- ------ --·--·- .... 

simultaneously stripping away said photoresist layer is 

performed with a plasma wherein said plasma is generated at 

a temperature of between about 20 degrees C and 300 degrees 
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C, a pressure of between about 0.01 Torr and 20 Torr, and 

an energy of between about 100 Watts and 5,000 Watts. 

10. The method according to Claim 9 further comprising 

adding oxygen gas to said sulfur-containing gas wherein the 

ratio of the flov rate of said oxygen gas to.the flow rate 

of said sulfur-containing gas is between about 1:1000 and 

1: 1. 

11. A method to form damascene interconnects in the 

manufacture of an integrated circuit device'comprising: 

providing .copper conductors overlying a semiconductor 

substrate; 

providing a first passivation layer overlying said 

copper conductors; 

depositing a low dielectric constant layer overlying 

said first passivation lay~r; 

deposi~ing a. capping layer. ~verlying said lo_w . 

dielectric constant layer; 

depositing a photores~st layer overlying said capping 

... l_aye;r: ;_ _. ·- -·---·--=-------------

patterning said photores~st layer to form a Yia mask; 

thereafter etch~ng through said capping layer and said 

low dielectric constant layer to form said via openings; 
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simultaneously stripping away said photoresist layer 

and forming .3- sidewall passivation layer on the sidewalls 

of said via openi?9~.b~ using a sulfu~~containing gas. 

wherein said sulfur:-containing gas comprises one of the 

group 6f: sulfur dioxiae, sulfur trioxide, and a mixture of 

sulfur dioxide and sulfur trioxide; 

etching through said first passivation laye~ to expose 

underlying said copper conductors; 

depositing a barrier metal layer overlying said 
.iii'" 

capping layer and lining_ said via openings; 

depositing a copper layer overlying said barrier metal 

layer and filling said via openings; an~ 

polishing ·down said copper layer to complete said 

damascene interconnects in the manufacture of the 

integrated circuit device. 

12. The method according to Claim 11 wherein said damascene 

·interconnects comprises one of the group of: single 

damascene interconnects and dual damascene interconnects. 

13. The method according to Claim 11 wherein said low 

dielectric constant layer compri~es one of the group of: 

porous organic materials, non-porous organic materials, 

porous fluorinated organic materials, non-porous 
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fluorinated organic materials, porous carbon-doped silicon 

dioxide, non-porous carbon-doped silicon dioxide, porous 

hydrogen-doped silicon dioxide, and non-porous hydrogen-

doped silicon dioxide. 

14. The method according to Claim 11 wherein said first 

passivation layer comprises one of the group of silicon· 

nitride, silicon oxynitripe, BLok by Applied Material, 

silicon carbide, and boron nitride~ 

15. The method according__ to Claim 11 wherein said capping 

layer comprises one of the group of: silicon nitride, 

sil-icon oxyni tride, and silicon carbide. 

16. The method according to Claim 11 wherein said step of 

simultaneously stripping away said photoresist layer is 

performed without a plasma _at a temperatur~ of between 

-about 20 degrees C and 300.degrees C and a pressure of 

between about 0.1 Torr arid 760 Torr. 

17. The method according to Claim 16 further _comprising 
... ------·-- ---·----------·----·---- ------···-···-···-. ····· ···-· ······· ·--· -----····-·· . - -· ·-·-· ··- ·- --·· ·-·· - ....... -- - ---- ·-·- ---· -·· ···-· ··--·--- ---·---·--·---~-----·····-- . 

adding oxygen gas to said sulfur-containing gas wherein th~ 

ratio of the flow rate of said oxygen gas to the flow rate 

of said sulfur-containing gas is between about 1:1000 and 

.... 
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18. The method _according to Claim 11 wherein said step of 

" 
simultaneously stripping away said photoresist layer is. 

performed with a plasma wherein said plasma is generated at 

a temperature of between about 20· degrees C and 300 degrees 

C, a pressure qf between about 0.01 Torr and 2-0 Torr,· and· 

an energy of between about 10-0 Watts and 5, OOo· Watts. 

19. The method according to Claim 18 further comprising 

adding oxygen gas to said sulfur~containing gas wherein the 

ratio of the flow rate. of sai~ oxygen gas to the flow rate 

of said sulfur-containing gas is between about 1:1000 and 

1: 1. 

20. A method to form dual damascene interconnects in the 

manufacture of an integrat~d circuit devic~ comprising: 

providing copper conductors overlying a.semiconductor 

substrate; 

providing.a first passivation layer overlying said 

copper conduct9rs; 
. ----------·---·-· ------·· --·----··· - -· . -------------·--·-·--- . -··-·- ··-·····----- ... ···-··------·-----·-··· -·- ·- . ---··· 

depositing a first low dielectric constant layer 

overiying said first passivation layer; 

depositing a second low dielectric constant layer 
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overlying said first low dielectric constant layer; 

_depositing a first photoresist layer overlying said 

second. low d.ielectric constant l.ayer; . 

. Patterning said first photoresist layer to form a via 

mask; 

thereafter etching through said second lo~ dielectric 

constant layer and said first low dielectric constant layer 

to form via openings;· 

simultaneously stripping away said first photoresist 

layer and forming.a first sidewall passivation layer on the 

sidewalls of said via openings by using a sulfur-conta~ining 

gas; 

thereafter depositing a second photoresist layer 

overl~ing said second low dielectric constant layer~ 

patterning said second photoresist layer to form an 

interconnect mask; 

thereafter etching th~ough said second low dielectric 

constant l_ayer to form· interconnect openings; 

simultaneou_sly stripping away said second photoresist 

layer and forming a second-sidewall passivation layer on 

said sidewall~ ___ ?f __ said ___ Y~c:\. ~e~z:i~r:i9_s. and on t_l}~_ ?Jcl.e_~a,11~ of_ 
. . ··--- --------- ·-----·- -----·--·-· -· -· ... 

said interconnect openings by using a sulfur-containing 

gas; 

etching through said first _passivation layer to expose 
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underlying said ~opper conductors; 

depositing a barrier metal layer overlying said 

--~apping_~ayer and lining said via .openings; 

depositirig a copper layer overlying said barrier metal 

layer and filling said interconnect openings and said via 

openings; and 

polishfng down said copper layer to complete said dual· 

damascene interconnects in the manufacture of the 

integrated circuit device. 

21. The method according to Claim 20 wherein said first low 

dielectric constant layer comprises one of .the group of: 

porous organic materials, non-porous organic materiali, 

porous fluorinated organic materials, non-porous 

fluorinated organic materials, porou.s carbon-doped silicon 

dioxide, non-porous carbon-doped silicon dioxide, porous 

hydrogen-doped silicon dio~ide, and non-po~ous hydrogen~ 

doped sil~con dioxide. 

22.· The method according to Claim 20 wherein sa~d second 

low dielectric constant layer com:P.rise·s one oJ .... ~.t!~ __ _g;.:.Qµp __ . ___ -----·--·· _____ . _ 

of: porous organic ~aterials, non-porous organic materials, 

porous fluorinated organic materials~ .non~porous 
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fluorinated organic materials, .porous carbon-doped silicon 

dioxide, non-porous carbon-doped ~ilicon dioxide, por_ous 

hydrogen-doped silicon dioxide, and non-porous _hydrogen-

doped silicon dioxide. 

23. The method according to Claim 20 wherein said first 

passivation layer comprises one of the group of silicon 

nitride, silicon oxynitride, BLok by Applied Material, ,· 

·silicon carbide, ~nd boron nitride. 

24. The method according to Claim 20 further comprising 

depositing art etch stopping layer overlying said first 

low dielectric cons~ant layer prior to said step of 

· depositing said second low dielectric constant lay~r. 

25. The method according to Claim 20 further comprising 

depositing a capping layer _overlying said second low 

·dielettric constant layer prior to said step of depositing 

said first photoresist layer. 

26. The-method accordinq to Claim 20 wherein said 
... _. __________ .... _____ --··----·-------·-··· --·····-·· - ... ---- ... -- ·-··- -· 

sulfur-containing gas comprises one of the group of: sulfur 

_dioxide, sulfur trioxide, and a mixture of sulfur dioxide 

and sulfur trioxide. 
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27. The method according to claim 20 wherein said ~tep o( 

simultaneously stripping away said photoresist layer is 

performed without a plasma at a temperature of between 

about 20 degrees C and 300 degrees C and a pressure of 

between about 0.1 Torr and 760 Torr. 

28. The method according to Claim 21 further comprising 

adding oxygen gas to said sulfur-containing gas wh~rein the 

ratio of the flow rate of said oxygen gas to the flow rate 

of said sulfur-containing gas is ·between about.1:1000 and 

1: 1. 

~ 

29. The method according to Claim 20 wherein said step· of 

simultaneously stripping away said photore~ist layer is 

performed with ~ plasma wherein·· said plasma is generated at 

a temperature of between about 20 degrees ~ and 300 deg~ees 

·C, a pressure of between about 0.01 Torr and 20 Torr, and 

an energy of between about 10·0 Watts and 5, 000 Watts. 

30. The method according to Claim 21 further comprising 
.. -------------·------- - --·- . --·--·· --- -·-- ·- . ---· -- . ·- :-··· 

- ···- --- - .. -- ····· ···--- .. --··-·· ··-· -- ---············ . ··- ·--·--·. 

adding oxygen gas to said sulfur-containing gas wherein the 

ratio of the flow rate of said oxygen gas to the flow rate 

of said_sulfur-containing gas is between about 1:1000 and 
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1: 1. 

-
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