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EMBEDDED ORGANIC STOP LAYER FOR DUAL DAMASCENEPATTERNING 

BACKGROUND OF THE IN'VEN!ION 

1. Field of Invention 

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

(ULSI) circuit having an embedded organic stop layer. More particularly, the present 

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

conjunction with an embedded organic stop layer. 

2 .. Description of Prior Art 

The dual damascene process, in wl_rich metal interconnect is buried inside 

patterned grooves in a substrate, is frequently used and has become one of the best 

"methods for fabricating USLI circuits. Conventionally, metallic interconnects are formed 

by depositing a metallic layer over an insulating layer, for example, a silicon dioxide 

layer. Then, the insulating layer is etched to form a pattern of predefmed conductive lines 

so that a vertical via hole can be formed between conductive layers. Thereafter, metallic ·· 

material is deposited into the via 4ole to complete vertical connection between the 

conductive layers. 

Workers in'the art are aware that the metallic layer at the bottom· of the via.hole is 

exposed and unprotected, and therefore will be etched in the process of fonning the via 

hole. Consequently, the metallic layer can be easily damaged resulting in a change in 

device properties, and ultimately even not being able to use the device is possible. Others 

- -et al.}·shows leaving a· portion of the photo-resist remaining at the bottom of the via hole. 

U.S. Pat. No. ~· 007,733 (Jang, et al.), U.S. Pat No. 6,004,883. (Yu, et al.), and U.S. Pat. 

1 This Sheet Has Been Replaced 

l llltlf f 1111111111 lit lilt 



No. 5,741,626 (Jain, et al.) all show dual damascene processes. U.S. Pat. No. 5,882,996 

(Dai) teaches a dual damascene method with etch stops and an ARC interstitial layer. 

Finally, U.S. Pat. No." 5,874,201 (Licata, et al.) shows a dual damascene using a spin on 

organic layer over the 1LD layer. 

SUlVThtfARY OF Tiffi INVENTION 

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

damascene interconnect structure, wherein damage during etching is minimized by 

embed.cling an organic stop layer over the lower interconnect and later etching the organic 

stop layer with H2 plasma. 

The present invention is a method for fonning a dual damascene opening by 

providing a s~conductor structure, and fanning a dielectric layer having an 

interconnect over the substrate semiconductor stru~ture. Then in a critical step, we form 

an organic stop layer over the dielectric layer and the interconnect. Then we form second 

and third dielectric layers in sequence to fonn a stack dielectric layer over ~e organic 

stop layer. Finally, patterning the stack dielectric layers to form a dual damascene 

opening exposing the organic stop layer and using the organic stop layer as a protective 

cover for the interconnect, and then removing the organic stop layer to expose said 

interconnect. In an preferred embodiment a H2 containing plasma is used to remover the 

remove the organic stop layer to expose said interconnect~ 

In another aspect of the invention the need for PEC (post etch-cleaning) ·and PDC 

(pre-deposition-cleaning) can be eliminated 

The invention's organic stop layer and H2 containing plasma finishing etch step 

provide many advantages over the prior art. The invention's organic stop layer 
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prevents etch damage to the underlying interconnect during the etching of the stack 

dielectric layers to fonn the darilascene opening. The invention1s H2 plasma 

effectively. removes the organic stop layer without damaging the underlying 

interconnect. Also when copper is used· as the conductor in the underlying 

interconnect. the present inventi~n prevents contamination to the ILD/RvID layers due 

to sputtering of copper onto the via sidewalls. 

BRIEF DESCRlPTION OF THE DRAWINGS 

In the accompanying drawings forming a material part of this description there is 

shown: 

FIG. I shows a cross-sectional view of a semicondu<?tor before the etch step. 

FIG 2A through B show a cross-sectional view of a semiconductor in progression 

of manufacturing steps in producing a dual damascene semiconductor according to the 

present invention. 

1:IG 3 A thr~ugh B show a cross-sectional view of a semiconductor in progression 

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

semiconductor according to the present ~nvention. 

FIG 4 is a. cross-sectional view of a semiconductor after conventional etch.steps 

but before the opening of an embedded organic stop layer. 

FIG 5 is a cross-sectional view of a semiconductor after conventional etch steps 

but after the opening of an embedded organic stop layer. 

- -
FIG 6 is a cross-sectional view of a semiconductor of the current invention. 

FIG. 7 is a cross-sectional vi~w of a simplified structure vvith an interconnect 
. . 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring now more particularly to Fig. 1, a semiconductor structure 10 is 

provided. The semiconductor structure can be a substrate or wafer with devices built 

therein and having overlying conductive and insulating layer. 

Then, a dielectric layer 12 having an interconnect 14 is formed over the substrate 

10. The dielectric layer 12 (or insulating layer) is preferably composed of a silcon oxide. 

The dielectric layer 12 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 -an layer or another 

IMD layer). 

The lower interconnect 14 can be a contact to the wafer surface or device on the • 

wafer or a higher level interconnect. The interconnect is pre(erably comprised of copper 

or a copper alloy, but can be composed ofpolysilcon, a polycide or other conductive 

materials. 

An embedded organic stop layer 16 is then formed over the dielectric layer l~ and 

the interconnect. The embedded organic stop layer 16 is preferably a low k material, 

such as polyamides, polyimides, perfluorinated, polyethylene, perfluorinated, or 

polypropylelle. Commercially available low k materials are FLARE™ manufactured by 

Allied.Signal comprised of poly (arylene) ether or SiLK™ manufactured by Dow - - -· 

Chemicals and BENZOCYCLO-BTITENE (BCB). 

The embedded organic stop layer 16 preferably has a thickness of between 

about 50 and 1,000 A. · · .. --·--------. -------·---- ---- - - ---- -------------- -- ·- ----- ···-·· - - -·· ·---- ---- ----- -·-- -- - --- --... 

A passivation layer 18 (optional) is formed above the embedded organic stop 
. -

layer 16. The passivation layer 18 is composed of silicon nitride, silicon oxynitride, or 
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silicon carbide. The passivation layer 18 preferably has a thickness of between about 50 

and 1,000 A. The inclusion of layer 18 depends on whether the etching oflhe via can 

stop on layer 16. 

Next, we fonn a dielectric layer (e.g., 20 24) over the passivation layer. The 

dielectric layer can be comprised of only one, or several insulating layers and/or etch stop-

layers. A preferred configuration is shown in FIGS 1. The dielectric layers 12, 20, and 24 

can be doped silicon oxide deposited by any conventional method or Si02 formed by: any 

conventional method. The passivation layer can be eliminated if the organic stop layer 

can itself passivate the copper. 

Still referring to FIG 1, the dielectric layer 20 (lower dielectric layer) can be 

composed of any known dielectric materials, or silicon oxide and is most preferably 

composed of Si02. Layer 20 can-also be made of the same materials of layer 16, but 

only if the removal of layer 16 does not effect layer 20. Dielectric layer 20 preferably has 

a thickness ofbetween about 3,000 and 10,000 ~-

An optional etch stop layer 22 is then formed on dielectric layer 20. The etch stop 

layer is preferably comprised of SiN, oxynitride or STC. The etch stop layer 22 

preferably has thickness of between about 50 and 1,000 A. 

Next, anQther dielectric layer 24 (upper dielectric layer) is formed on etch stop 

layer 22. The dielectric layer 24 can be comprised of the same materials as dielectric 

layer 20. The dielectric layer 24 preferably has a thickness ofbetwee~ about 3,000 and 

10,000 A. 
.-...:..--------- --------------- ···-·- ------ --------- ---
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Finally, a cap layer 26, which is also optional, can be fonned on dielectric layer 

24. The cap layer is preferably composed of silicon nitride: silicon oxynitride, or silicon 

carbon. The cap layer preferably has~ thickness of between about 50 and 1,000 A. 

Many methods can be used to form the interconnect opening or dual i:Jama5cene 

opening. -The methods shown in this patent are not limiting and many other metliods can 

be used. Also, the opening_36 can have any shape and is not limitaj to a dual damascene 

opening. For example, the opening 36 can be a conventional straight walled interconnect 

or line opening. 

As shown in FIG 5, the dual damascene opening 36. can be considered as 

comprised of 2 openings: a bottom trench or via opening 32 and a top trench opening 34. 

The trench openings can be formed in any order. FIGS 2a tbru 2B show a first 

embodiment and FIGS 3a and 3B show a 2nd embodiment for forming the "dual 

damascene opening. 

Referring to FIGS 2A and fb, thereafter, a photo-resist layer.28 having a top 

trench resist opening 34A is formed over the cap layer 26. Then, a conventional etching 

creates a first trench pattern 34. Photo-resist layer 28 is removed. 

As shown in FIG 2B, another photo-resist layer 30 is formed with a bottom trench 

resist opening.32A. A bottom ti:ench opening 32 is formed in the dielectric layer 20 as 

shown in FIG 4. 

As shown in FIG 3A a first photoresist layer 29 having a bottom trench resist 

. opening 32A is formed over the dielectric Iayer_24._ n_~ di~l~c l~y_e.r.s .2.4~and-2!tare_ --- .------ -·· 
------------·------ ------------ - ---·-- ------- J'e"V 

etching to fonn the bottoni trench openin~ 32. 
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As shown in FIG 3B a second photoreshi layer 31 having a top trench resist 

opening 34.A is shown.. The top trench opening 34 is etched in the dielectric layer 24. 

The openings in the dielectric layer are etched using conventional R.IE etch. A 

preferred rea<..iive ion (RIE) etch using fluorocarbon plasma with an ele<.."trode power of 

about 500 to 2000Wat a pressure of about 10 to 100 mT. In conventional methods, this 

RIE etch damages the underlying interconnect 14. 

In either scenario of conventional etching which ever etch goes through 

passivation layer 18 does not go through embedded organic stop layer 16. This organic· 

layer 16 is at the bottom "of the trench pattern 34 and resolves the problems caus~ by . 

conventional methods. Namely. the interconnect 14 in no longer exposed and 

unprotected. and therefore will not be etched and damaged in the process of fo1:ming the 

via hole. Also. there will not be any sputtering ofinterconnet."t 14 on to the trench or via 

sidewall of 32 and thus contamination of the dielectrics 20 and 24 by interconne<..i i 4 is 

avoided. 

As shown in FIG 5, finally the embedded organic ~iop layer i6 is removed to 

expose the· underlying interconne<.'t 14 and to <.-"I'e'd.te the final dual dam.ascene trench 

pattern 36. The ~iop layer 16 is_ preferably removed using H2 contdining down ~1ream 

plasma or hydJ:ogen radical. 

Next. preferably a post etch cleaning is performed. Subsequently, a pre~deposition 

cleaning is performed. Thereafter. a second interconne~t 42 i~ formed in the mterconnect 
. 

opening 36. The second interconnect can ~e C<:lmp?sed .2f.Q.¥ri~J l~yers, seed lay~.s_and_ ____ ~_ ·--· 
-···- ------------· -·--·- -·- . ·-- ----·--····· -·- - ------ ----------- ·····- ·- ----·· 

metal cqnduc,19r layers. The interc~nne"~ is preferably formed of a metallic material for 

example. copper or copper-aluminum alloy. 
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The advantage of using this method of fabrication is protecting the metallic 

layer of copper 14 from etching when the trench pattern 34 is formed, through the 

presence of the organic stop layer 16. A further advantdge of using this method of 

fabrication is to prevent the contJinination of dielectric layers 20 and 24 by the 

underlying interconned 14 during RIE etching. 

FIG 7 shows a simplified structure where the invention's ~rg-dllic stop layer 16 is 

formed ove! a lower interconnect 14. A conventional straight opening 46 is formed in the 

dielec,1ric layer 21. The invention's key organic stop layer 16 protec,is the loW'er 

interconne(..1: 14 from etch damage when etching the interconnect opening 46 thru the 

dielet.iric layer 21. 

·while the invention has been particulariy shown and described with reference to 

the preferred embodiments thereof. it will be understood by those skilled in the art that. 

various crumges in form. and details may be made without departing.from the spirit and 

scope of the invention. 

-· -- ----- . - --------- ·-·-·· -·--·------- ---·--·· ---· 
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- CLAIMS 

\Vbat is claimed is: 

1. A method for forming a interconnect opening comprising: 

providing a semic9nductor structure having a first diele<t1ric layer and a lower 

interconnect; 

forming an organic stqp layer over said first dielectric iayer and said lower ' 

interconnect; 

·forming a stack dielectric layer over said organic stop iayer, 

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

opening using said organic stop layer as a protective cover~ 

removing said organic stop layer to expose said lower interconnect 

2. The method of claim 1, wherein said ~iack dielet.iric layer consists of one 

dielectric layer. 

3. The method of claim 1, wherein said l:iiack dielec.iric layer is comprised of a 

. second layer and a third dielectric layer. 

4. A method for forming~ d~al damascene opening comprising: 

providing a semicondu<.,ior ~iiuc.."ture; . 

forming a :fir~i dielectric layer having a lower interconnect over said 

semiconductor structure; 

forming an organic ~iop layer over said first dielectric layer and said lower ·- -·------·----------... ··--------~·- -··· -····- ----···-----·-·--·--··· 

iiimnr 
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ii1i1ur 
fom1ing a second and third dielectric layers in sequence to fom1 a stack dielectric 

layer over said organic stop layer; 

patterning the stack dielectric layers to form a dual damascene oµening 

exposing said organic stop layer using the org-dD.ic stop layer as a protective cover for 

the interconnec.i and a prevention of contamination of dielectric layers by said lower 

interconnec.i during etching; 

removing said org-dD:ic ~top layer to expose said iower interconnect 

5.. The method of claim 4, wherein a metal is deposited in the :dual damascene opening to 

form an upper interconnect 

6. The method of claim 4. wherein a passivation layer is formed between the organic 

stop layer and the stack dielectric layer. 

7. The method of claim 4, wherein an etch stop layer is formed between the second ana 

third diele<,1ric layers. 
· ... 

8. The method of claim 4, wherein a cap layer .is formed on the st-cl.Ck dielectric layers. 

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

third dielectric. 

10. The method of claim 6, wherein a cap layer is formed on the ~iack dielectric layers. 

11. The metho~ of claim 4, wherein the org-anic stop layer is opened using H2 containing 

plasma or hydrogen radical. 

12. The method of.claim 4. wherein the lower interconnect is comprised of cower. 

13. The method of claim 4. wherein the embedded organic ~'top layer is a low k material. 
··---·------···-.:: ·--·- ----·-·. --·---------------· -- ..... - --- . ---- ·-······. -- -- ·-· ---- ---· ...• -·. - ····-

14. The method of claim 4. wherein the embedded org-cmic ~"top layer is cQmprised of 

p'oiyamides, polyimides, per.fluorinated, polyethylene. perfluorinated. or polypropylene. 
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15. The method of claim 13, wherein the low k material has a lower dielectric coru,i<.mt 

than silicon oxide and is comprised of an organic material 

16. The method of claim 13, wherein the organic material is polyarylene, polyarylene 

ether, perfluorinated polyarylene, or perfluorinated polyarylene ether. 

17. The method of claim 1, wherein the embedded organic ~iop layer is a passivation 

material. 

18. The method of claim 1. wherein the dielectric layers are one of the following: 

a. doped silicon·oxide, or 

b. Si02. 

19. The method of claim 4, wherein the dielectric layers are one of the following: 

c. doped silicon oxide, or 

d. Si02. 

20. The method of claim 6, wherein the passivation layer is one of the following: silicon 

nitride. silicon oxynitride, or silicon carbide. 
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