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EMBEDDED ORGANIC STOP LAYER FOR DUAL DAMASCENE PATTERNING

BACKGROUND QF THE INVENTION

1. Field of Invention

The present invention relates generally to an improved ultra large-scale integrated
(ULSI) circuit having an embedded organic §top layer. More Mcﬂarly, 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, m which 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 siiicon dioxide h
layer. Then, the insulating layer is etched to form a pattern of predefined conductive lines
so that a vertical via hole can be formed between conductive layers. Thereafter, metallic
material is deposited into the via hole to complete w./ertical 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 forming 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 .
" “have strwen‘to solve this and other probléms For example U.S. Pat. No 5,989,997 (Lln )
et al.y shows leaving a portion of the photo-resist remaining at the bottom of the via hole.

U.S. Pat. No. 6, 007,733 (Jang, et al.), U.S. Pat. No. 6,004,883 (Yu, et al.), and U.S. Pat.
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No. 5,741,626 (Jain, et al.) all show dual damascene processes. U.S. Pat. No. 5,882,996
(Daj) teaches a dual damascene methqd with etch stops and an ARC interstitial layer. . )
Finally, U.S. Pat. No. 5,874,201 (Licata, et él.) shows a dual damascene using a'spin on
organic layér over the ILD layer.
SUMMARY OF THE INVENTION

Accordingly, the present iﬁvqntion is to provide a metﬁod for forming a dual
damascene interconnect structure, wherein damage during etching is minimized by
embedding 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 forming a dual damascene opening by '
providing a semiconductor structure, and forming a dielectric layer having an
interconnect over the substrate semiconductor structure. Then in a critical step, we form
an organic stop layer over the dielectric layer and the interconnect. Then we form second

and thnrd &iélecfric léjrers in séqu'ence to form a stack dielectric layer over the organic

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

opening exposing the organic stop layér and using the organic stép layer as a protective
cover for the interconnect, and then removing the ollganic stop layer to expose said
interconnect. Inan preferfe_d embod_imen? aH; qontaining 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-depbsition—c}eaning) can be eliminated

The invention's organic stop layer and H, 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 form .the dahascene opening. The invention's H; plasma
effectivellyt removes the organic stop layer without damaging the underlying
interconnect. Also when copper is used as the conductor in the underlying
interconmnect, tile present ‘invent,i.on prevents contamination to the ILD/IMD layers due
to sputtering of copper onto the via sidewalls.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 shows a cross-sectional view of a semiconductor before the etch step.

FIG 2A through B show a cross-sectional view of a semiconductor in progressidn
of manufacturing steps in producing a dual damascene semiconductor according to the
present invention.

FIG 3A through B show a cross-sectional view of é serr;icond{.tctorﬁin progréssioﬁ '
of manufacturing steps of 2 second emb;>diment in producing a dual damascene
semiconductor according to the bresent invention. :

FIG 4 is a cross-sectional view of a senﬁconductor 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 61 isa cross-secuonai view of a sexmconductor of the cun-ent invention.

FIG. 7 is a cross-sectional view of a simplified structure with an interconnect.

-
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DETAILED DESCRIPTION. OF THE INVENTION

Referring now more -particularly to Fig. 1, 2 semiconductor structure 10 is
provided. The semiconductor structure can be a substraté or wafer with devices built
therein and having overlying conductive and insulating iﬁyer.

Then, a dielectric layer 12 having an interconnect 14 is formed over the substrate
10. The dielectric layer 12 (or insul%ting lay.er_) is preferably composed of a silco.n pxide.
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 ILD 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 preferably comprised of copper
or a copper alloy, but can be composed of polysilcon, a polycide or other conductive
materials.

An emﬁedded ;rganic_ stop léyer 16 is thén forﬁled over the diélectric layer 12 and
the interconnect. The embedded organic stop layer 16 is preferably a low k ﬁaterial,
such as polyamides, polyimides, pérﬂuoﬁnated, polyethylene, perfluorinated, or
polypropylene. Commercially available low k rr;ateﬁals are FLARE ™ manufactured by
Allied Signal comprised of p_01.y (arylene) ether or SiLK™ manufactured by Dow
Chemicals and BENZOCYCLO-BUTENE (BCB).

The embedded organic stop_layer 16 preferébly has a thickness of between
about 50and 1,000 . |

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

layer 16. The passivation Iayer 18 is composed of silicon nitride, silicon oxynitride, or
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10,000 A,

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 of the via can

. stop on layer 16.

Next, we form a dielectric layer (e.g., 20 24) over the passivation layer. The
dxeiectnc layer can be comprised of only one, or several msxﬂatmg layers and/or etch stop-
Iayers. 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 SiO2 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 camralso 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 thlckness of between about 3 000 and 10,000 A |

An optional etch stop layer 22 is then formed on dielectric layer 20. Tﬁe etch stop
layer is preferably comprised of SiN; oxynitride or STC. The etch stop layer 22
preferably has thickness of between about 50 and i,OOO A.

Next, another dielectn'c layer %4 (upper dieleci_:ric 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 of between about 3,000 and

e et e m o e e e ——— - e - —

This Sheet Has Been Replaced

I

5




AR ST e

Finally, a cap layer 26, which is also optional, can be formed on dielectric layer
24. The cap layer is preferably composed of siIicon- nitride, silicon oxynitride, or silicon
carbon. The cap layer preferably has a thickness of between about 50 arlxd 1,000 A.

Many methods can be used to form the interconnect opening or dual c_iamas}cene
opening. - The methods shov}n in this patex;t are not limiting and many other methods can
be used. Also, the opem'ﬁg_36 can have any shape and is not limited to a dual damascene
opening. For example, the opening 36 can be a conventional str;'aighi walled interconnect
or line opening,

As shown in FIG S, 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 thru 2B show a first
embodiment and FIGS 3a and 3B show a 2* embodiment for forming the dual
damascene opening.

Referring to FIGS 24 ana._z.{a, thereafter, a photo-resist layex 28 having a top
trench resist opening 34A is formed over the cap layer 26. Then, a conventional etching
creates a first trench paﬂeﬁ 34 .l;hoto-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 trench 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 layer 24, The diglectric layers 24’and 2Q.are. . — . -

etching to form the bottom trench opening 32.
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As shown in FIG 3B a second photoresist layer 31 having a top trench resist
opéﬁng 34}\: is shown. The top french opening 34 is etched in the dielectnic layer 24.

The openings in the dielectric layer are etched using conventional RIE etch. A
preferred reactive ion (RIE).etch using fluorocarbon plasma with an electrode power of
about 500 to 2000W at a pressure of about 10 to 100 mT. In conventional methods, this
RIE etch damages the underlying interconnect 14.

In either scenario of conventional efching which ever etch goes through
pas;sivation 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§d by .
conventional methods. Namely, the intercomnect 14 in no longer exposed and '
unprotected, and therefore will not be etched and damaged in the process of forming the
via hole. Also, there will not be any sputtering of inferconnect 14 on to the trench or via
sidewall of 32 and thus contamination of the dielectrics 20 and 24 by interconnecti 141s
avoided. H

As shown in FIG 5, finally the embedded organic stop layer 16 is removed to
expose thé'undeﬂying intercoﬁnec:t 1_4. and to create the final dual damascene twench
pattern 36. The stop layei' 16 is_preferablj'/ rem;wed using H2 containing down stream
piasma or hydrogen radical. )

Next, preferably a post etch cleaning is performed. Subsequently, a pre-deposition
cleaning is performed. Thereafter, a second interconnect 42 is foﬁned in the irii-:erconnect

opening 36. The second interconnect um be comprised of barrier layers, seed layersand __

metal conductyr layers. The interconnect_ 1s preferably formed of a metallic material for

example, copper or copper-aluminum alloy.

e
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The advantage of using this method of fabrication is p.rotea.tmv the metahu.
layer of copper 14 from etching when ’che trench pattern 34 is formed, through the
presence of the organic stop layer 16. A further advantage of using this method of
fabrication is to prevent the contamination of dielectric layers 20 and ‘24 by the
underlying interconnect 14 dl:lIiIlg RIE etching.

FIG 7 shows a.simplified structure where the invention's organic stop layer 16 is
formed over a lower interconnect 14. A conventional stau’ght opening 46 is formed in the
dielectric layer 21. The invention's key organic stop layer 16 protects the lower
interconnect 14 from etch damage when etching the inferconnect opening 46 thru the
dielectric layer 21. '

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 withbut.departing_from the spint and

scope of the invention.
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- CLAIMS

What 1s claimed is:

1. A method for formmg a interconnect opening comprising:

providing a se;miconductor structurg having a first dielectric layer and a lower
Interconnect;

form.ing an organic stop layer over said first dielectric layer and said lower :
intercommect;

-forming a stack dielectnic layer over said organic stop layer;

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 interconmect.

2. The method of claim 1, wherein said stack dielectric layer consists of one

dielecﬁc layer. ‘

The method of claim 1, wherem said stack dielectric layer is comprised -of a

W

. second layer and a third dielectric layer.
' 4._ A method for forming a dual dzuna{sc;:ne opening comprising:
providing a semiconductor structure;
forming a -ﬁrst dielectric layer having a lower inté:rconneci over'said
semiconductor structure;

fonmng an orgam(. stop ldyer over said first dielectric layer and said lower

interconnect;
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forming a second and third dielectric layers in sequence to form a stack dielectric

layer over said organic stop layer;
| patterning the stack dielectric lgtyers to form a dual damascene opening
. exposing mud organic stop layer using the organic stop layeras a pbtecﬁve cover for
the interconnect and a prevention of contamination of dielectric layers by said lower
interconmect during etching; |
removing said orgamnic stop Iéyer to expose sald lower mterconnect.
S. The method of claim 4, wherein a metal is deposited in the ldu%tl damascene openiné 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 and
third dielectric layers.
8.ITI'he nﬁ;{hod of claim 4, whereiﬁ a cap layer zs formed on the S-t‘de dielectric layers.
9. The method of claim 5, wherein an etch stop layer is formed between the second and
third dielectric. . |
10. The method of claim 6, wherein a cap layer.is formed on the stack dielectric layers.
'1 1. The method of claim 4 wherein the organic stdp. layer is opened using H2 containing
plasma or hydrogen radical. |

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

13. The method of claim 4, wherein the embedded organic stop layer is a low k material.

14. The method of claim 4, wherein the embedded organic stop layer is comprised of

polyamides, polyimides, perfluorinated, polyethylene, perfluorinated, or polypropylene.
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15. The method of claim 13, wherein the low k material has a lower dielectnic constant
than silicon oxide and is comprised of an organic material )
16. The method of claim 13, wherein the organic materiai is polyarylene, polyarylene
ether, perfluorinated polyarylene, or perfluorinated polyarylene ether.
17. The method of claim 1, wherein the embedded organic stop layer is a passivation
material.
18. The method of claim 1, wherein the dielectric layers are one of the following:

a. doped siIicon-oﬁde, or

b. SiC2.
19. The method of claim 4, wherein the dielectric fayers are one of the following:

¢. doped silicon oxide, or

d. S:02.

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

~

nifride, silicon oxynitnide, or silicon carbide.

Ry P VY
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