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' A METHOD TO CREATE A CONTROLLABLE AND REPRODUCIBLE DUAL COPPER

DAMASCENE STRUCTURE
BACKGROUNG OF THE INVENTION

(1) Fielc of the Invention

_The inuention relates'to the fabrication of_integrateo
circuit devices,-and morelparticularly, to a method'for reducing
"dishing anc.erosiqn.effects in the copper surface of copper.dual

damascene structures. .

(2) Description of the Prior Art

In the formation of semiconductor integrated circuits,
it is common practxce to form interconnect metal line structures on a
number of different levels w1th1n the structure and 1nterconnect1ng
the uerlous ‘levels of w1r1ng w1th contact or via openings. The firSt
or 10West'1eve1'of interconnect uires is-typically formed as a.first
step_in the process after which a second or oVerlying:level of
interconnect wires is ceﬁosited'over,the first level. The first-leuel._
of 1nterconnect wires is typlcally in contact with active reglons 1n
a semlconductor substrate but is not llmlted to such contact. The
__flrst_level of interconnect can. for 1nstance also be in contact with
éjconcuctor that leads to other deuices that form part of a lerger,.

multi-chip structure. The two 1eveis-of metal wires are connected'by



~

:openings between the two layers that are filled with metal where the

openings between the two layers are lines up with and match contact

_points in one or both of the levels of metal lines.

Previously used tgchﬁique# ﬁb form“ﬁglti—levels:of wiring apply
the techniqﬁe of'firSt'forminglthé interconnect level metal in a |
first plane fdlloﬁed'by forming thé_overiyihg levél 6f'interc0ﬁnect
wire in a seCOnd plane. This sffucture typicaliy stafts;with the

surface of a semiconductor substrate into which active devices have

_beeh created. These active devices can include bipolar transistors,

MOSFET devices, doped regions that interconnect with other regions of

."the device while p:ovisions may alsc have been provided to méke

interconnects with I/0 terminals in the periphery of’the device. The

surface into which the pattern of interconnect lines of the first

plane is formed may also be an insulation layer deposited over the

~

- surface of the substrate or'a layer of oxide may firét have been

formed on the surface of the substrate. After the 1aYer, into which’

the pattern of interconnecting wires has to be created, has been

'defined, the interéonnecting pattern itself needs to be defined. Thié

is ddne_using conﬁentional photolifhographié techniﬁues ﬁhereby.the
openings are made_(in'fﬁe 1a&er)'above the §oints that need to be
contacted in the'sﬁbstrate.-The'openings} once created, may by lined
with'iéyérs'éf material té enhénce metal adhesion (to the Sidewalis

of the opgning),'the glue layer, or to prevent diffusién-of materials
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'into and from the substrate in subsequent processing steps, the:
barrier layer. For tue barrier ;eyer, a Variety of materials can be
used such as Ti/Tin:W (titanium/titanium nitride:tungsten)} titanium-
tungsten/titaniumtor titanium-tungsten nitride/titanium or titanium
nitride or titamium nitride/titauium, silicon nitride (Si;N4),'
tunésten,-tantaluh; niobium, molybdenuﬁ. The.final phese in creating
- the ﬁirst level of intereonnect lines is to fill_the_created openings
.with.metal,.typicaily-aluminum, tungsten or copper, depeudeut on the

'particular application.and requirements and restriétiens imposed by |
such parameters as line w1dth, aspect ratlo of the openlng, requlred

planarlty of the surface of the dep051ted metal’ and others.-“

This proeess_of line forﬁatien in.Overlying layers on metai
can be repeated iu essentially:the”same mauuer as just
highlighte@-for the first 1ayer qf intercqnnecting wires. This
process of.formiug sequentialulayers of interconnecting ;eveis.
of.wire is in many instances prone_to.problems end iimitations._
COpper has in'recent times found more applicatieu in the uselof
metal w1res due to its low re31st1v1ty, high electrom1grat1on
resxstance and stress. v01d1ng reslstance. Copper however
exhibits the dlsadvantage of high dlffu51v1ty in common
.'1nsulat1ng materlals such as 3111con dioxide and oxygen-
contalnlng polymers. Thls leads to; for instance, the diffusion

of copper into polyimide durlng.h;gh temperature processing of



:fhe polyimide resulting in severe efosibn-sf the copper. and thei
" polyimide due to the copper combining-with 6xygen in the.
.polyimide. The erosion may-result’in loss of.adhesion,
delamination, voids, and ultimately a catastrophic failure of

- the component. The copber ;hat is uéed.in an iﬁterconnect may
 diffuse intd'the siiicon dioxide?léyer causing the dieiectric
strength to becoﬁe éonductive and also decreasing thé"dieiecﬁri¢
~ strength of.the éiiicon dioxidé layer. A ;cppéi diffusion
barrier is therefore often required; silicon hitridé is often B
épplied as a diffusion bafrier'to coppér. Siiicon nitride
however has é dieleCtric.c§ﬁs£ant.that is high comparetho |
silicon-didxidé thefeby"limiting the use of silicon nitride in

encapsulating copper interconnect lines.

In addition,-dué to the féct that coppef is wvery diffidult
lﬁo process by RIE, fhe CMP.methpd may need to be:used where
copper is used_as a wiring méﬁerial. To'polish.copper at a high
rate without scréﬁdhing in_accofdance with the buried_wiiing“
formation, the copper etch rate must be raised by increasing the
amount of tﬁé.comPOnent fgSpohsible for coppe? etching contained
in th§ poliShing slurry..If thé'componeﬁt.is used in an - -
increased amount, thé'etching will occur'iSotropically.
Cénsequently,;bﬁried copper is etched aWay; qéﬁs;ng dishing;in_

the wiring. It is, when forming interconnect lines'using copper}



desirable to use methods that do not depend on patterning the

copper lines using a chemical etching process since etching of

coppe: is very.difficult_and is alprocess that is only fecently
being further investigated. The use of copper as a metal for

interconnect wiring is further'hindered by copper’s

~susceptibility to oxidation. Conventional photoresist processing

cannot be'ﬁsed when'the copper is to be patterned into various
wire shapes because the photoresisf needs to. be removed at_the
erid of the process by heating it in a highly oxidized

environment, such as an oxygen plasma, thereby converting’it-to

an easily removed ash.

Two widely used approaches in creating metal interconnects
is the use of the damascene and the dﬁal damascene struﬁtu:és.

The application of the Damascené_process continues to gain wider

'acceptance, most notably5iﬁ the process of copper metalization

_due't6 the difficulty-qf copper dry etch where the-Démascene_

plug'penetrates_deep in very smali; sub-half micron,‘Ultra Large

- Scale. integrated devices;-Regent'applications-have successfully

used copper as a conducting metal line, most notably in the

construct of CMOS 6-layer copper metal devices...

In the formation of a damascene structure, a metal plug is

first formed in a surface; this surface in most instances is the



suﬁface of a semiconductor substrate. A layer.of.Intra Level
k Dielectric (ILD) is deposited (using for instance Plasma
Enhanced CVvD technology with 5102 as a dielectric) over the
surface 1nto which trenches for metal lines are formed (using

"~ for instance Reactive Ion Etching technology)

The trenches oueflay the metal plug and are filled_uith.
.metal (using for instance either'the:CVD of a metsl flow
process) . Planarization of this.metal tosthe top surface of the
llayer of ILD completes theldamsscene-structure. Some eaxly :
dsmascene structures have-been achieved using Reactive'lon |
Etching (Riﬁ).for the process of planarizétion but Chemical

Mechanical Planarization (CMP) " is used exclusively today.:

An extension'of the damasceneiprocess.islthe dual damascene
process whenebyian_insulsting or dielecttic material, such as
silicon oxide, is pstterned with_several thousand openings'for
the conductive llnes and vias, which are'filled at the same time_
. with metal. Damascene is an interconnectlon fabrication process
~in which grooves are formed 1n-an 1nsulat1ng_layer snd filled
w1th metal to fonm the conductive lines. Dusl'dsﬁascene is.s
mult1—leve1 1nterconnection process in which, 1n—addition to
forming the grooves.of single_damascene, conductive v1a_0pen1ngs

also are formed. One of the dual damascene approaches uses a



dlelectrlc layer that is formed by three consecutive depos1tlons
whereby the central layer functlons as an etch stop layer. Thls
etch Stop layer can be SiN, the top and bottom layer of this
three layer_configuration can be SiO2. This triple layer
dielectric allows first forming the vias by_resist patterning
“the vias and etching through the three layers.of dielectrlc. The
conductive.pattern can then be.formed'in the top layer of |
dlelectrlc whereby the central layer of SiN forms the stop layer:
for the etch of the conducting pattern. Another approach, Stlll
u31ng the threerlayer dielectric formed on the substrate
'surface, is to first form the pattern for the conductlng 11nes
in the top layer of the dlelectrlc whereby the SiN layer agaln
serves as etch stop. The vias can ‘then be formed by allgnlng the
via pattern with the pattern of the conductlng llnes and
patternlng and etching the vias through the etch stop layer of‘

© 8iN and the flrst 1ayer of dielectric. Yet another approach 1st
.to depos1t the three layer dlelectrlc in two steps, flrst
dep051t1ng the flrst 1ayer of SlOz and the etch stop layer.of

. SiN. At thls point the v1a pattern can be exposed and’ etched.
The'top layer.of Sibzfdielectric is then deposited} the
':conductino lines are_now'patterned and etched. The SiN.layer_:
will'stop'the etching exCept where the via_openings-have already-

'been etched;



.Dual daﬁascéne is.an'improvement over'éingle-damascené'_”
‘because it permits the-filling of bqth the.éénductive-groéves
‘and vias with metal at the same time, the:eby-eliminating".
_proceﬁsing steps;_Some of thelprob1ems encguntered in creating..'
the dual damascene structufe reléte té the fact that the depth
of. the interconnect'bhaﬁnels is difficult to control due to non-
uniform-film.depbsifion and the precise control of etCh_rétes'
during_thé.prdcess:of etching £he interconnect péttern. This can
_result in intercqnnect line pfpfiles thaf are'ﬁot_uniform.acioSé
the wafer with deeperlline_profiles in the center of the wafer
and shallqwér line profiles.tbwaid the periphery of the wafér.'
For smaller’de%ice feafure hbles are reéuired that héve émall .
aspect:ratios méking the filliqg of the holes with sphttering
very difficult. The:metals that are typiéaliy uSed.for' |
interconnect lihes,'éuch as_alumiﬁum, éopper,'gold and silver,
éan not readily.be deposited using CVD-techﬁOlégy'even though
this latter technology does provide better dgpth of penetration.
For materials whefe CVD can be used for their.depoéition:such.as
lpolysilicon and tungsﬁen, these material.exhibit highér.

resistivity as compared to alﬁminﬁm,-copper, §old and silver.

For a dual damascene structure where copper is used as the
metal and Ta and/or Ta compounds are'used'forithe barrier layer,

the previohsly indiéated dishing of the surface of large
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trenches and the erosion that_occurs qh-the surface ofls@alll
structurés is, after CMP of the copper surface, very severe dug
to the extreme-difference in_polishiﬁg rate betweeﬁ copper and
Ta-based materiais; fafbased materigls_have a low chemical.'

mechanicai'polishing rate due to their hard and chemically inert

. nature whereas copper has a high chemical mechanical polishing

rate due to its soft nature. It is therefore clear that, where
copper and Ta-based materials are polished in proximity to each’
other and as part of the same polishing process, the surfaces of

these two material will be affected or'polishéd in an uneqﬁal

manner resulting in dishing and erosion of the polished copper

surface.

The invention provides:é method to reduce the indicated

dishing and erosion in the Surféce of the polished coppeﬁ

-thefeby improving planarity and'tnifdrmity_of copper trenches in

large and small device features.

The invention teaches a method of forming a Cu séed.layer'

over the surface of the Inter Metal Dielectric (IMD) and inside

the dual damascene opening, filliﬁg the dual damascene Qpening |

with a spin-on material such as SOG,-etching the seed layer

above the IMD, reméving the spin-on material, and C6mpleting'the

. dual démascehe structure with an_electroless-depoSition of Cu in
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. the dual damaSCene opening. The depositioh of a barrier layer

.and a cap layer is also discussed as part of the invention.

'US 5,674,787 (zhao et al.) shows a selective electroless cu

for a damascene interconnection.

US 5,183,795 (Ting et al.) shows a_selective.elecfrolesé'

process using PR to lift off the seed layer.

Us 5,705,430 (Avanzino et al.) shows a dual damascene

process with a sacrificial via £ill.

US 5,817,572 (Chiang et al.) shows a dual damascene

process.

Us 5,686,33j (Koh et al.) shows a lowéf electrode formed by

a SOG fill and etch.
'SUMMARY OF THE INVENTION
' A principle objective of the invention is to reduce surface

dishing and erosion in the cdpper surface of a dual damascene

structure.
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Another objective of the invention is to improve global
planarity and uniformity of the copper surfaces of dual

damascene structures.

In accordance'with'the,objectiues of the invention a new
method is provided-for'creating a'dual damascene structure. A .
layer of -IMD is first depoSlted o#er the surface of a substrate.
fA cap 'layer is deposited over thls layer of IMD, the dual
damascene structure (having a via and a trench openlng) 1s taen
. patterned through the cap layer and into the layer-of IMD. A
tantalum or tungsten or'titanium'based barrier layer is
-deéosited in the_dual.damascene structure and ouer the surface
of the caﬁ 1ayer; a copper seed’layer is-further_deposited over
the barrier layer. The dual damascene structure is theh filled
with a spin on materlal, this spln on materlal can be fully or
partlally cured. The tantalum or tungsten or tltan1um based
barrrer layer and the copper seed layer are removed above the
layer of IMD; the cap 1ayer can be partlally removed above the
,layer of IMD or can be left in place. The spln on materlal
remalns in place in the wvia and trench opening_of the dual
' -damasceue'structure during the latter operatiOn therebf:
protecting the inside.surfaces of these openings.during the
.latter-process {of removind thelcopper seed and the Ta or W or l

L4

Ti based barrier layer from above the surface of the IMD. The
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spin-on material.is next removed and copﬁer_is deposited by
selective electroless plating; The cap layer that is still (at
least partially) present.abéve the surface of the IMD now
_protects the IMD dielectric f;dm beinglcontaminated with cbppe:'
solution during the seleétive_eléctroless'depbéitioﬁ of the
copper. The excess é§pper is remdvéd-above the surfacé'bf-the
IMD by a tough-ﬁb'cﬁﬁ. Théucap layer'oq-the surface bf'the.IMD
can, after.the copper has beeﬁ-deposited,_be rémpved:if this is
SO desired. As.a_final step in the process, a-liner'or
oxidation/diffusion pfotectibn layer ié deppéited ovérfthe-dual

.damascene structure and. its surrounding area. -
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows-a cross section of a metal surface with a

layer of IMD and a cap layer deposited over the layer of metal.

Fig. 2 shows a cross section of the_dual-damascene

structure formed through the cap layer and in the’layer.of IMD.
Fig. 3a shows a cross section after the deposition of a

barrier layer, a copper seed layer and a resist spin-on material

over the dual damascene'prOfile'and its'surrounding capjlaye;.
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Fig. 3b shows the cross section of Fig. 3a after the

removal of the excess resist spin-on material.

Fig. 4a shows a cross section after the deposition of a -
barrier layer, a copper seed iayer'and'a SOG or polyimide spin-
_on material over the duai_damascene profile and its surrounding

cap layer.

Fig. 4b shows the cross section of Fig. 4a after the
bariier layer, the copper seed layer and the”épin-on material
" have been removed from above the surface of the surrounding cap

layer (above the IMD).

Fig. 5 shows a cross section of the dual damascéne
structure after_selective'electroless deposition of copper over

~ the dual damascene structure. =
Fig..6 shows a cross section'after_the excess coppér has
been rembved_from the sﬁrface of the,éurrounding cap 1ayer by a

toﬁch-up CMP.

Fig. 7 shows a cross section after the final deposition of -

- an oxidation/diffusion protection layer.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Refer:ing now $pecifically to Fig. 1, there is shown a .
cross section of a metal surface 10 over which a layer 16 of
Inter Metal dielectric (IMD) haé been depositéd.-A cap layer 18

has been-deposited over the iayei'16 of IMD.

The réquiremenfs for theiéap layer are essentially the same
as the reduirements'for a typical copper barrier-layer with the

understanding that it can be readily removed from the surface of

the IMD by either=an~etch_dp'CMP;'A further requirement is that .

the cap layer be deposited to an adequéte thickness, for
instance between about 100 and 3000 Anést:om,_so'that this layer
can provide its-basic'function of protecting the surfacejof'the.-

IMD during subsequent processing Steps. The functions of_thé

barrier layer,anq the-copper seed layer have previously'been 

highlightéd, That is the'copper seed layer serves to-promote the

selective electroless deposition of qopper while the.bafrie:

"1ayer.prevents diffusion of materials between the”dual damascene

. structure and its adjacent areas during subseQuent prdcessing

steps.

Fig. 2 shows a cross section of a dual damascene structure

that has been formed through the cap layer 18 and in layer 16 of

14



Inter Metal Dieleetric.(IMD). The dual_damaseene structure

'eonsists of the via part 12 that is in direct contact with the

underlying layer of metal 10 and the interconnect line (or

trench) part 14 that overlays the via structure 12.

. It must be noted that in the fellowihg art work, Figs. 3a
and 3b address the case where the spih—on material is resist
while Figs. 4a and 4b address'the'ease where the spin—on

material is SOG or polyimide.

Fig. 3a shows a cross section of the dual damascene

~structure after the depdsitien'of a barrier layer 20 over whicﬁ-r

a copper seed layer 22 has been dep051ted A spln—on materlal 24
comprising resist is then dep081ted over the copper ‘seed layer l

22.

Barrler layer 20 is dep051ted over the 31dewalls of the

dual damascene and over the surface of the cap layer 18 above

‘the layer 16v of IMD, barrier layer'ZO COntains.a tantalum or

tungsten or_titanium'based material.

The copper seed layerl22ris depbsiteqiover the barrier

layer 20.
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The resist spin—on material 24 is used_to f£ill the conplete B
'profile.of'the'dual damascene'structure, that is the via part-12
.(Fig..é) and the interconnect line part 14 fFig. 2) . Other spin-
. on materials can be Spin On Glass (SOG)_or_polyimide;'these
latter two spin—on materlals.are discussed under Figs; 4a and 4h
following. The spin—on'material may, during subsequent
processing,'he bért5511y'§r completely cured. The:funCtion.of
the spin—on-materialiis to proteCt the'inside surfaces of the

dual -damascene structure during subsequent-processing steps.

Flg._3a and 3b reflect that, lf the spin-on mater1a1 24 1s'
re51st, the excess spln -on materlal 24 on the Cu seed layer 22
and above the layer of IMD (that surrounds the dual damascene
opening) is etched away by a’ plasma dry etch,-the plasma can be
.02 or szased; After this;-the copper-seed layer'22.and the
barrler layer 20 can be removed by an anlsotroplc dry. etch
(u51ng a Cl or F-based plasma) with an overetch into cap layer
18. Because reslst has high re31stance-to dry. etch, re51st_24
..protects the underlying copper'seedllayer 22. An other-method is
to use DMSO/CC14 or HF/CHsCOOH to selectlvely wet etch copper
seed layer 22 whlle HF can- selectlvely etch the
tantalum/tungsten/tltanlum barrler layer 20 w1thout etchlng much.

of the resist that is present over the dual damascene structure.
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Figs. 4a and 4b address the application where the spin-on

material is SOG and polyimide. In this case the excess spin4on

material 24 above the layer 16 of IMD, the copper seed layer 22

and the barrier layer 20 are removed using CMP. The-CMP-process

can be stopped after over-polish into cap layer 18. Before the.

. polishing process, the structure looks as shown in Fig. 4a,

after the polishing process'has”been completed the structure

looks as shown in Fig. 4b. Fig. 4b shows.a cross section'of'the'

dual damascene structure after the tantalum or tunésten or

tltanlum barrler layer 20 (Fig. 4a), the copper seed layer 22
(Fig. 4a) and the SOG or polylmlde based spln on material 24

(Flg.'4a) have been removed above the cap layer 18.

It is important to note'at this-time-that, durlng the

removal of the copper seed and the barrler layer above the cap

'layer 18, the spln-on mater1alw24, Fig. 4b, remalns 1n place

1n31de the openlng of- the dual damascene structure The spln-on

materlal 24 in this manner prov1des protectlon of the copper

- seed layer 22 1n31de the-dual_damascene structure and leaves
‘this seed layer 22 eSsentially in place. After-the copper seed

'layer 22 and the barrier layer 20 and the spln-on materlal 24

have been removed from the surface of ‘the cap layer 18, the

‘spin-on materlal 24 is removed from the inside of the openlng as.

.a separate processing step



v

The above indicated processing steps of removal of the

' copper seed layer, the barrier layer and the spin-on material

‘are summarized using the following table. Column #1 shows the

spin-on material that is being used, column #2 shows the methods

- used for the selective removal of the excess spin-on material,

'the-copper.seed 1ayér and the barrier layer while*column #3

shows the methods used for the final removal of the sﬁig-on'_'

material from'the'opéning of the dual damaééene structure.

_The_first'entry'(row) in C61umn #Z-fdr the resiStfspin—on

.material (highlighted-With 1)) reiates to the removal of the

excess spin-on material above the copper Séed layer, the second
entry in column #2 for the:resiSt spin-on material (highlighted

with 2)) relateS'to the removal of the coppér seed andrthé

barrier layers.

Col. #1  Col. #2 - o Col. #3

1) '_Resist : 1_). dry etch (02/Nz or H2/N2z) dry etchl(H'z/ll\Iz)
2) dry etch (Cl or F) or - dry etch (Hz/Nz)

wet etch (DMSO/CCls or
" HF/CH3COOH)
2) SOG cMp. o . HF/DHF/BOE

3) Polyimide CMP . dry etch (H/N2)

18



As a.further example afe highlighted the processing
conditiéns for the removal of the.reSist spin-on material above
the dual damascene sfructure: the process is a dry etch (as |
shown in.the table aﬁqve), tﬁejtemperature is.between about 150
aﬁd-300 degrees C., fhé etchants.used have been indicated in the
table above, thé flow fate is between about 10.and 3OQO'SéCM |
withﬂé pressuré betﬁeeﬁ about 50 énd710000'mTORR while the time

‘of the process of removal is betwéen about 1 and 5 minutes.

For the removal of the ;pin-on méterial-from_the opening of.
the'duél:damascénelstrﬁcture-thelprOCéssingIconditions-afé as.
féllows: the process'is a dry etch for ﬁhe removal of résist énd“
polyimide (aé.sh§wn in the-tablétaboﬁe),'the tempéréture-is;_
between about 150 and 300 degfées C.g the etchant uSed_hés been
indicated_in the table above as Hz, the flow rate is betwéenl
'.aﬁouf 10 and 3000 SCCM with a pressurelbetﬁeen about 50 and
10000 WTORR while the time of the process Of_¥éﬁovai is between

about 1 second and 5 minutes.

It mgst:also-pe hbtéd that at this time in the process; 
‘that is jﬁst:before.the dual'déﬁascene structure is filléd.with
'coppef; the cap 1ayer 18 is.still'(at leést pértially) present

above thé layer of IMD. This presence of the cap layer 18 above

the layer of IMD protects the IMD during the subsequent
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processing step 6f filling_thé dual damascene structure with .

' copper.

Fig. 5 shows a cross section'of the dual démqscene
structure after the selective eiectroless;deposition'Qf a layer
26 of copper inside the opening for the dual damascene

structure.

" Key to-thezinvention is that; durihg this processing step'
.éf selective electroless depoSiting.6f a'l§yér of cdppé;; the
cap layer 18 is in'place_ﬁheréby p:otecting the surface'éf the
IMD from beingﬁcontéminated'by the copéer'solption during thej 

plating process.

The process oflﬁillindlthe duai damascené'stfucture with
.copper is an eléétxoless pi§£ing broceSé.-Electroplating céhnétf
be used for this_application.éince a blanket_copper film will
form using this méthod.:selective CVQ can also be used fér.the
,proce#s”of depositing.thg copper although'this.appfoach_haé as
_yet'not found wide'épﬁlication.'Uéing-SeléétiGe eiectroless
.depg;ition of.coéper into thé:dﬁai daméécene Stfﬁéture; there is.
no copper deposition on the areé abdve the-IMD that_sufrounds
the dual damascene opéning while thé cdppéf.éiug_will ektend .

above the surface of the_fieid area, see Fig. 5. By_applying aff

20



slmply touch-up CMP the whole surface will be planarlzed
'resultlng in a structure as shown in Flg. 6. Dlshlng or eros1on
haS'in this manner_been el;m;hated. Electroplating cannot be
used in this case sihce there is no continuous.copper seed layer

that can conduct the current.

"Fig.'G shows a cross section after the'excess copper has
‘been removed from above the surface of the cap layer 18 down to
the level of the top plane'of the dual damascene structure 26 by

a touch-up CMP.

Fig. 7 shows the completion of the dual aamascene-structure'
of the inventlon by the depositieh_of a layer 30 that.serves.as
a liner and/or copper oxidatieh)difrusion barrier layer;.This
layer 30 has been deposited over the cap layer 18, layer 30
serves as a final protectlve layer for the underlylng structure.
.The liner 30 may contaln SisNe; layer 30 1s typlcally dep051ted
over the entire surface of the substrate. The cross section as
'h-shown-in'Fig. 7 indicatesian applicaticn where the cap layer has
been lowered (by part1a1 removal) to below the surface of the
copper 26 of the dual damascene structure. The layer 30 1n thls
manner covers both the_surface of the copper 26 and overlays the.

cap layer 18.



The salient features'of the invention are:

- spin-on material remaine in the opeuing of the dual
damascene_etructure.duriug removal of the epin-on
material, the copper:seeu iayer and thepbarrier iayer
from above the.surface of the cap iayer thereby
protecting*the'copper seed layer inside the dual
.damascene structure

- the'formatiou of a cap layer over;the IMﬁ thereby
.protecting the.IMD'of:copper'contaﬁinatiou during
selective.electroless copperfdeposition |
- the cap laYer-can_befremoved after'removal of the'excess
-copper_or the:cap.laper can remain in plaCe ae-ektra: |
protection'of-the.uhderiying iﬁD :
- thelcaprlayer can serve the function'of

oxidation/diffusiou'barrier. '

Typically, dishing andlerosion are due to the high
pollshlng rate of copper as compared to that pollshlng rate of
-the barrler metal Wlth the structure as. shown in’ Fig. 5, in
fwhlch the copper plug is above the field area, dlshlng and

er031on w111 not occur.-

Although the ipveution.has been described and illustrated

- with reference to specific illustrative embodiments thereof, it
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'is not intended that thé in§ention be limited.to thdse._
illﬁstfativé embodiments. Those skilled in the art will
recognizé that 'variétions .a.ndl modifiéétions .can be made without
departing from tﬁe sﬁirit_of the ihvention. It is therefore .

| ihtended to include within the inveﬁtion éll such_variationé and
.modificétions whiéh fall within ﬁhe scope of the appended.claiﬁs

and equivalents théreof;
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:What is élaimed is:

1. A ﬁethod of creating a-cépper dqal damascene strﬁctufe on the
'-surface of a SemicbnductOr-subsfrate, compfi#ing tﬁe steps of:
providin§ a semicohducto# sﬁbétraté'the surface of said
'substraté to contain metal contact points;

forming.an'opening for-a dual daﬁAscene_structure'on_the'SQrféce
of said_substrate'séid opening to be formed in a-lajer of-Inter
Metal Dielectric (IMD) over which alcaplla&er has been
deposited; | | | |

" depositing a diffusion-ba#rier layer insidgfsaid openipg ahd- _
over the surface of its sﬁrrbundihg area; - o
dépoSiting'a éoppef seed laYer-bver said diffusipn barrier
layer; | | -
depositing'a.spin—On layer 6vé£ Said coppef seed_layer}

- Yemoving said spin-én material fro@labbve said-oﬁening_énd-fidm'l
above the surfacg oflsaid:surrounding aréa thereby leaving in |
place said spiﬁ-on material’inside the openipg of said dﬁal

- damascene structuie; | |
_removing said copper séedllaygf.from above the surféce of said
su;rounding.area; o |
removing said ba:fier layer f:dm'above.the surface of’said 
surrdundiné area;

femoving'said spin—on_material-from'said 6pening of said dual

damascene structure;
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selectively electrpleés depositing a ;ayér of copperfover said
~ dual démascene opening; |
remoﬁing excess copper from.abbfe the dual damascene Opening by
a touch-up CMP; and

" depositing én oxidatién/diffuéibﬁ prqtection layer over the
su:facé of said duél damascene-structure:and:its éurrbunding

. area. .

2. The method of ciéim.l:wheréiﬁ fbrming an 6penin§.for a dﬁai_
damascene-structuref said'structure to'confain a via Or.botfom |
part and an conducting liné_or upper'part séid via.part.fd mafch'
and mate with said metal contact points in the surface Of sai&"
substrate, is: | |

dépositinﬁ a first stop layef of Siﬁ over thé surfa¢e §f said' 
substrate said'first.stop layer to serve as etch stog_qu.the-
via opening; | : o
depoéiﬁing a first layer Qf-dieleétric on_tpp of said first stop
. layer said firsfﬁlaygr of_diélectfic to fo;m thé inter¥metai
‘dielectric layer said first layer to cdntain Si0z said first_
layer of_dielectric.té éervg as the via dieléctric;

depositing a second stop layer of PE-CVD SiN On-top of said
first layer of_dieiectric Séid'léygr:of SiN to serve as an
second gtch stop layer for said conductihg line part-of said

dual damascene structure;
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depositing a Secqnd layér of dielectrié on tpp.of'said.seCOnd

| stop iayer of SiN said seédnd 1ayer.of dieiectric to serve as
interconnect iineldielectric;

___depoéifing a cab-lafer ofer?fhe surface of said second layer of
dielectric; |

forming a via pattérn in said first layer of'dieléctrié by_.
patterniné andlétchihg tﬁrough said cap iayer furthefmpre 'l
etching tﬁréﬁgh Said'second léyer of die;éétric furfhermore
etching‘fhrough said second s;op léyer of~SiN:furﬁhé£more”-
etchiﬁg,through_éaid first'layér of-dielectric;.

. removing said firstistop.iayéf from the bbttom of said:via
péttérn théreby forming the via; ahq

.formiﬁg a cohduéting liné pgtté&n by patterning ana étchinglsaid :
cap layer furthermOre:etchiﬂg:through said-secqnd layéf §f

. dielectrié thereby gsiﬁg”séid"secoﬁd~stdp layer of SiN $Sfe£cﬁ |

stop layer thereby forming_alconducting line pattern,

3._The-method bf_Claim 1 wherein said diffusiqn bar;ier'layer.'
" contains material sélecied,from'the_grbup'domprising Ta and W

and Ti and their compounds.
4. The method of claim 1 wherein said spih-dn méteriél-cqntains'

an element selected-frbm'the'group'of Spin On Glass (SOG) , a

' resist, polyimide or any_dthér suitable'material whereby
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furthermoré Said spin-on material may be partiélly or completely
cured thereby providing protection of the inside surfaces of
" said dual damascene structure during subsequent processing

steps.

5. The method.bf claim 1'wherein.said spin-on laYexlcontains
_resist wherebyi -

' said removal of said spin-onimAteiial f;om above said opening
and from above the suiiaée.bf séid'surfoundiﬁg.area is aﬁ Ogar:
Hy based dry etch; o |
said femoval of said éopper-seed layei_from,above the surfaée of
said surrounding area is an_anisotropié él or F baSed dry_etéhrl
said-removal of said'bafrigr:iayér ffom_above £$e sﬁrfaqe of
said surroﬁnding aréa;is an_énisétrépic Cl of F baSed dry et.ch -
with overetch into said éap la&er;-and_'l

,Said removal of.said spiﬁron.métérial-from said opening of said

dual damascene structure is a Hz based dry etch..

6. The method of ciaiﬁ i'wherein ﬁaid spin-on iayer contains

: ;eéist_whereby:

. said removai'of Said,spin-oﬁ-mhtérial f;om aboﬁe said openingll
and from above.the surfacéqu said_Surrounding_aréa is'ah'ogor'

'Hz based dry etch;
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o

said rémoval oflsaid cobper seed layef from above the suiface of
said surrounding areé is a HF or HF mixtufe;

" said removal of said barrier léyer from.above the surface of
said surrounding aréa is.a ;electiVe'DM50/C014 o;_HF/CH3COOH wet
etch with 6vere;ch intgfsaid.cap layer; and

said reﬁoval.of said spiﬁ—on material from said:bpenihg §f said

dual damascene structure is. a Hz based dry etch.

7. The method of claim l:wheréin said sbih—oﬁ 1ay§r éontaiﬁS
'S0G whereby:” |

.said-reﬁovél_of said;spip—bﬁ material frdm above said.bpehing.
aﬁd from above-the-suffacé of said surroﬁpding érea is a CMP
process; - :

said removai of'said_cdpperISéed 1a§e; from above the.sﬁﬁﬁace of
said surrohnding argé ié”aICME'précess;

said remqval of said'baf;igr layéx ffom_aﬁove theisu;face'bf
said surrounding areé is é-CMP process with_évéretch into'séid'
”caé lafer; and | | |

. said femoval of'said_spin-on material from said-cbeﬁiﬁg.df_éaid;

. dual damascene structure is a HF or DHF or BOE based etch.

.8.'The method of claim 1 Wherein said spih-on layer contains

s omrer: A



said removgl of éaid.spin—oh material frﬁm above.said openiﬁg
and from above the surface of saia surrounding area is a CMP
procesé; |

said removal of said copper.seed layer from above the surface of
said surrounding area is a CMP'proceés} |

said removal of said barrier 1ayer.from'ab6ve.the surface-of
séid.surroﬁndihg afea.is a-CMP-proceSS with overetch'into.said
ca§ layer; aﬁd_ | | |

_éaid removal of-éaid épin—on material’ffom séid_gpéning_of séid

dual damascene structure is a Hz based dry7etch.

9. The method of claim 1 wherein said depositing a layer of

coppér is a selective electroless plating process."

10; The method of claim lfwheréin.said depositing a layer of )

copper is a selective CVﬁ_process.

11. The'method of claim:i whe:eiﬁ.éaid'removing exce;S'metél o
from-tﬁe'surfacé-of.said seéond layer of diele¢tric is further..
extended to_éontinue'éaid removal beléw the Surfaée of said
~barrier layer and'to théreby partialiy-remove said ba:rie# 1ayér

in.a planar manner from the surface of said second laye:'cf

dielectric. o : -
* c L M S *
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12. The method of claim 1 wherein said removal of excess copper
from the surface of said second layer of dielectric is by touch-

“up CMP.

13. The method of claim 1_wperein said deppsiting aﬂ
oxidation/diffusioﬁiprdtection léyér over the surfanlof said
layér of'iMD isidep05i£ing a_lajer of SisNs or. any othé;'sﬁifabie-
maferial thaf can bibvide'profection_of a Eqpber surface against

oxidation and/or chemical or mechanical damage.

~
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