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EFFECTIVE RETARDATION OF FLUORINE RADICAL ATTACK 

mo -··· - -----oN-'META.t-:tlNES VIAUSE OF SILICON RICH OXIDE SPACERS------------------------·· 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to methods used to fabricate semiconductor devices, and 

. more specifically to a method used to pro~ect metal interconnect structures from fluorine evolving 

from adjacent dielectric layers. 

(2) Description of Prior Art 

The semiconductor industry is continually striving to increase device performance via 

decreases m RC delays. In addition, an objective of decreasing cost has led to the development of 

semiconductor chips comprised with sul>-100 nm features, allowing a greater number of smaller 

chips to be obtained from a specific size starting substrate, thus reducing the processing cost of a 

specific chip. The use of high conductivity aluminum or copper, for metal interconnect structures, 

as well as the use oflow dielectric constant, (low k), layers, have greatly contributed to the 

desired decreases in the RC, (resistance - capacitance), delays. An easily obtainable, low k layer, 

used in the sub- I 00 nm devices, is tluorinat~ silica glass, (FSG), featuring a dielectric constant as · 

low as 2 to 3. -However the fluorine radicals, contained in the FSG layer, can out di:tfuse during 
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subsequent processing and attack adjacent metal lines, resulting in corrosion of, or unwanted 

resistanceincre-ase-se5t: 11re1ll-gli conduetivify copper inte:tconnecf'structures. One method used"to- · --· · -- -- · .... 

protect the metal, or copper structures from fluorine attack is the use of a silicon rich 

oxide, (SRO), layer, used to line or coat the metal structures prior to deposition of the low k, 

FSG layer. The SRO layer also provides protection to the gate oxide during plasma processing 

used during subsequent intennetal deposition, (ThID), procedures. However to adequately protect 

the metal lines a thick SRO layer is needed, possibly filling the narrow spaces between metal 

structures, therefore leaving little space available for the low k FSG layer. Therefore the objective 

of using a low k layer between metal lines to reduce capacitance, is negated via the filling of these 

narrow spaces with a higher dielectric constant, SRO layer. 

This invention will describe a n~vel procedure for forming SRO on the surfaces of high 

conductivity metal interconnect structure, however still leaving adequate space between the metal 

·interconnect structures, for placement of the low k FSG layer. Prior art, such as Lee et al, in 

U.S. Pat. No. 5,756,396, describe spacer fonnatio~ applied to a metal line, however that prior art 

does not show the novel procedure described in the present invention in which three SRO layers 

are used to form the needed protection on the surfaces of metal lines, without filling the narrow 

space between the metal lines. 

SillAMARY OF THE INVE~1TION 

It is an object of this invention to fill narrow spaces between metal interconnect structures 
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with a low k layer. 

It is another object of this invention to protect the metal interconnect structures from 

fluorine radicals emitted from the low k layer, via use of silicon rich oxide, (SRO), layers formed 

~on the swfaces of the metal structures. 

It is still another object of this invention to use a combination of SRO deposition and etch 

procedures, to fonn the protective SRO layers and shapes on the swface of th~ metal 

interconnect structure~ still however leaving adequate space between the metal interconnects 

structures for filling by a low k layer. 

In accordance with the present invention a method of fonning silicon rich oxide, (SRO), 

layers and shapes on the surfaces of metal interconnect structures, to protect the metal 

interconnect structures from ·fluorine radicals emitted from a low k, fluorinated silica glass layer, 

l0cated in the spaces between metal interconnect structures, has been developed. After deposition 

ofa metal layer, and an overlying, first SRO layer,, a patterning procedure is employed to form_the 

metal interconnect structures, comprised with an overlying capping SRO layer. A thin, second 

SRO layer is deposited, then subjected to a amsotropic, reactive ion etching, (RIE), procedure to 

form a thin SRO spacer on the sides of the SRO capped, metal interconnect structures. A thin. 

third SRO layer is next deposited, conformally coating the SRO capped metal interconnect 

structures, and the SRO spacers, still leaving space between these structures. A low k, FSG 

-
layer is then depo~ed, filling the space between the metal interconnect structures, protected by; 

·an overlying SRO capping layer, the thin SRO spacers, and the thin conformal SRO layer. 
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_____ ,. - ··- - ____ ,_,, __________ .. _ .. ____ ··------------·-· ... .- ........ 

BRIEF DESCRIPTION OF THE DRAWINGS 

The object and other advantages of this invention are best described in the preferred 

embodiment with reference to the attached drawings that include~ 

Figs. 1 - 5, which schematically in cross-sectional style, show key stages of fabrication used 

to form protective SRO layers and shapes on the surfaces of metal interconnect structures, prior 

to deposition of a low k, FSG layer~ which overlays, as well as fills the spaces between, the metal 

interconnect structures. 

DESCRIPTION OF THE PREFERRED El\.IBODlMENTS 

The method of forming thin, protective silicon rich oxide, (SROh layers and shapes on the 

surfaces of copper interconnect structures, to protect the copper structures from fluorine radicals 

present in a low k, fluorinated silica glass, (FSG), layer, located o~ and between the copper 
-~ 

interconnect structures, will now be described in detail. A conductive region I, such as heavily 

doped source/drain regions in a semiconductor substrate, or conductive region such as a 

lower level metal interconn~ or plug structur~ is shown schematically on Fig. 1. Metal 

layer 2~ comprised of copper, obtained via plasma vapor deposition, (PVD), or via 

electrochemical plating procedures, is formed on conductive region 1, at a thickness between 

about 4000 to 6000 Angstroms. Metal layer 2a, can also be comprised of~ or aluminum 

- copper, if desired. again formed to a thickness between about 6000 to 8000 Angstroms, via 
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PVD procedures. An anti-reflective coating, (ARC), 3, such is silicon nitride, or titanium nitride, 

-- . -------1inexY-depoSifeo0n mefilfayer~2a:·a£atllickziessbetWeen about 2o(fio-4oo"AD.gstroms Via-either _________ _ 

a plasma enhanced chemical vapor deposition, (PECVD), or a low pressure chemical vapor 

deposition, (LPCVD), procedure. Finally a first silicon rich oxide, (SRO), layer 4a, to serve as a 

dielectric anti-reflective coating, is deposited via PECVD or LPCVD procedures, to a thickness 

between about 300 to 500 Angstroms. SRO layer 4a can be comprised of Si02 or Si-3N~ obtained 

at a temperature between about 400 to 500° C, at a pressure between about 4 to 8 torr, at an RF 

power between about 100 to 200 W'1tts, using silane, an oxygen source such as 0 2 or 0 3 , and a 

nitrogen source such as N2, NH3, NO, or N20, as reactants. This is schematically shown in 

Fig. 1. SRO layer 4a, will protect the top surface of a subsequent metal structure from attack by 

fluorine radicals, present in an overlying, low k, FSG layers. 

Photoresist shapes 5, are next employed as an etch mask, allowing an anisotropic reactive 

ion etching, (RIE), procedure to define the desired metal structures 2b~ shown schematically in 

Fig. 2. The RIE procedure is performed using CHF3. or CF 4 as an etchant for SRO layer 4a, and 

for ARC layer 3, while Cli or SF 6 is used as an etchant for metal layer 4a. Defined metal 

structures 2b, again com.prised of copper or alumimnn, are protected by SRO capping shape 4b. 

Space 6a, between m~tal structures 2b, is between about 0.15 to 0.25 um. Photoresist shapes 5, 

are then removed via plasma oxygen ashing and careful wet cleans. 

Protection of the sides of metal structUres 2b, from attack from a subsequent, adjacent, 

FSG layer, is next addresses and schematically shown in Fig. 3. Since space 6a, between metal 
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structures 2b, is narrow, SRO protection on the sides of metal structures Zb, has to be thin, 

- ·--- ------a1lowmgadequate-room-fo-r-theneeded, low k layer. If SRO.spacers-,-funned on-the ~i-des of .. 

metal strictures 2b, are thick, the high dielectric constant of SRO, between about 4 t~ 7, 

would result in unwanted capacitance increases. Therefore a thin, second SRO layer is deposited 

at a thiclmess between about 150 to 300 Angstroms, using PECVD or LPCVD procedures. A 

blanket, anisotropic RIB procedure, using CHF3 or CF 4 as an etchant, is then used to form SRO 

spacers 7, on the sides of metal structures 2b. This is schematically shown in Fig. 3. 

To insure SRO protection at the comers or edges of metal stmcture 2b, a thin. third SRO 

layer 8, is conformally deposited, again via PECVD or LPCVD procedures, at a thickness 
.. 

between about 150 to 300 Angstroms. The addition of SRO spacers 7, as well as the addition of 

third SR,.O layer 8, on the sides of metal structures 2b, result in a narrowing of the space between 

metal structures 2b. Space 6b, between about O. 1 O to 0 .19 um, is still wide enough to 

accommodate, or to be filled by the low k dielectric layer. This is schematically shown in Fig. 4. 

The combination of SRO capping shape 4b, SRO spacers 7, and conformal SRO layer 8;' 

offers the needed protection for metal structures 2b, from low k, fluorinated silica glass, (FSG), 

layer 9, shown schematically in Fig. 5. FSG layer 9, with a dielectric constant between about 

2 to 3, is obtained via PECVD procedures, at a thickness between about 5000 to SOOO Angstroms 

completely filling space 6a. The needed, low k, FSG layer 9, occupying a large portion of the 

space between metal structures 2b, supplies the desired low k layer, needed to reduce capacitance 

and thus improve device performance. The fluorine radicals present in FSG-layer 9, can not 

6 



iFi:F - - ·;;;;;:- = 

reach met.al structures 2b, as a result of the combination of thin, SRO layers and shapes. 

·--- -- -----'fherefore111e--combination ·of SRO layers and shapes·iii-additiOnfo-prevenfuig-corrosfon of'tbe _____ ---------·- ----- - -

copper or aluminum, metal structures, by fluorine radicals, also was maintained at a thickness thin 

enough to allow an adequate thickness oflow k, FSG layer to fill the spaces between metal 

structures 2b. 

While this 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 fonn and details ~ay be made without departing from the spirit and scope of this 

invention. 

What is claimed is: 
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corrosive effects of an adjacent fluorinated silica glass, (FSG). layer, comprising the 

steps of. 

forming said metal structures on said semiconductor substrate,. with each metal 

·· structure capped with an overlying, silicon rich oxide, (SRO), shape, and with said 

metal interconnect structures separated by a first space; 

forming SRO spacers on the sides of said SRO capped, metal structures, resulting in 

. a second space located between said SRO capped, metal structures, coated with said 

SRO spacers; 

depositing a conformal SRO layer on: said SRO capped, metal structures~ on SRO 

spacers; and on ~e bottom surface of said second space, resulting in a third space 

located between said metal structures, encapsulated by said overlying, SRO shape, by 

said SRO spacers, and by ~d conformal SRO layer, and 

depositing said FSG layer on said SRO capped, metal structures, and in said third 
--

space located between said SRO encapsulated metal structures. 

2. The method of claim 1, wherein said metal structures are comprised of copper, at a 

thickness between about 6000 to 8000 Angstroms, with a copper layer obtained via 

plasma vapor deposition or electrochemical procedures, and patterned via an - . . 

anisotropic, r:active ion etching, (RIE), procedure~ using C12 or SF6.as an ~hant. 

8 



\ lll\11\ 1\\11 II\\ \11\I \\ lll\ 
ii c I.. " s ii 

-
3. The method of claim 1, wherein said metal structures are comprised of aluminum or 

- --···· -- --------- -- - -- ... ·--· -·-· - ·-·· ·- -- - . ---·- .. -·· -- ----· . --------- ----- -··--·-··- ---- .. ------- ··-··-· - .. ·--- -· 
aluminum - copper, at a thickness between about 6000 to 8000 Angstroms, with the 

aluminum, or aluminum ~ copper layer obtained via plasma vapor deposition procedures, 

and patterned via an anisotropic, reactive ion etching.. (RIE), procedure, using Cl2 or 

SF 6 as an etchant. 

4. The method of claim 1, wherein said overlying, SRO shape is formed via deposition 

of a first SRO layer, at a thickness between about 300 to 500 Angstroms, using plasma 

enhanced chemical vapor deposition, (PECVD). or low pressure chemical vapor 

deposition, (LPCVD), procedures, then patterned via an anisotropic RIE procedure 

using CHF 3 or CF~ as an etchant. 

5. The method of claim 1, wherein said first space, located between said SRO capped, 

metal structures, is between about 0 .15 to 0 .25 um. 

6. The method of claim 1, wherein said SRO spacers are formed via deposition of a 
_':"_ 

second SRO layer, at a thickness between about 150 to 300 Angstroms~ followed by a 

blanket, anisotropic RlE procedure~ using CHF3 or CF4 as an etchant. 

7. The method of claim 1, wherein said second space, located between said SRO 

capped, metal structures, with said SRO spacers, is between about 0.12 to 0.22 um. 

8. The method of claim 1, wherein said SRO layer is obtained via LPCVD or PECVD 

procedures, at a thickness between about 150 to 300 Angstroms. 
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9. The method of claim 1, wherein said third space, located between said SRO 

encapsulated metal structures, is between about 0.10 to 0.19 um. 

10. The method of claim 1, wherein said FSG layer is obtained via PECVD or PECVD 

procedures, at a thickness between about 5000 to 8000 Angstroms., with a dielect..ic 

constant between about 2 to 3. 

.;:-
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11. A method offonning -silicon rich oxide, (SRO), encapsulated metal structure$, on a 

semiconductor sUbstriite,- featU!irig _a_ fow dielectric 6onsti:ni, (fow k). fluorinated silica · 

glass, (FSG), filling the spaces between said SRO encapsulated metal structures, 

comprising the steps of: 

depositing a metal layer on an underlying conductive region of said semiconductor 

substrate; 

depositing a .first SRO layer on said metal layer; 

patterning of said first SRO layer~ and of said metal layer to form SRO capped, metal 

structures, "With a first space located between said SRO oa.pp~ metal structures; 

depositing a second SRO layer; 

performing a blanket, anisotropic R1E procedure to form SRO spacers on the sides 

of said SRO .capped, metal structures, resulting in a second space between said SRO 

capped, metal. structures, now comprised with said SRO spacers~ 

depositing a third SRO layer on: said SRO capped, metal structures~ on said SRO 

spacerarand on bottom surface of said second space, creating said SRO en~vsulat~ 

metal structures, and creating a third space between said SRO encapsulated metal 

structUres~ and 

depositing said low k FSG layer on Said SRO encapsulated metal structures and in 

said third space located betw.een said SRO encapsulated metal structures. 
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12. the method of claim I 1, wherein said metal layer is a copper layer, obtained via 

plasma vapor deposition· or via electrochemical procedures, to a thickness between 

about 6000 to.8000 Angstroms. 

13. The method of claim 11, wherein said metal layer is an aluminum or an aluminum -

copper layer, obtained via plasma vapor deposition procedures at a thickness between 

about 6000 to 8000 Angstroms. 

14. The method of claim 11, wherein said first SRO layer is obtained via LPCVD or 

PECVD procedures, to a thickness between al?out 300 to 5000 Angstroms. 

15. The method of claim 11, wherein said SRO capped, metal structures are fonned via 

an anisctropic RIE, patterning procedure, using CHF3 of CF 4 as an etchant for said first 

SRO layer, and using Cl2 or SF 6 as an etchant for .said metal layer. 

16. The method of claim 11, wherein said first space, located between said SRO cappe~ 

metal SbUctures, is between about 0.1 S to 0.25 um. 

17. The method of claim 11, wherein said second SRO layer is obtained via LPCVD or 

PECVD procedures, at a thickness between about 150 to 300 Angstroms. 

·· --· -18 •. The method-of claim-l-1;-wherein·said SRO spacers are formed·:ria-said-blanket,--·---·--

anisotropic RlE procedure, using CHF3 or CF 4 as an etchant. 
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19. The method of claim 11~ wherein said second space, located between said SRO 

capped, metal structures, with said SRO spacers, is between about 0.12 to 0.22 um. 

20. The method of claim ti, wherein said third SRO layer is obtained via LPCVD or 

PECVD procedures, at a thickness between about 150 to 300 Angstroms. 

21. The method of cl.aim 11, wherein said third space, located between said 

encapsulated SRO metal structures, is between about 0.10 to 0.19 um .. 

22. The method of claim 11, wherein said low k FSG layer is obtained via PECVD or 

PECVD procedures, at-a thickness between about 5000 to 8000 Angstr~ with a 

dielectric constant for said low k FSG layer between about 2 to 3. 

- -
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