METHODS TO ELI M NATE CONTACT PLUG SI DEWALL SLIT
Background of Invention 1) Field of the Invention This
invention relates generally to fabrication of

sem conductor devices and nore particularly to

nmet hods to formcontact plugs and barrier |ayers and
i nterconnects. 2) Description of the Prior Art It is
wel | known that integrated circuit fabrication on
sem conductor wafers requires the formation of

preci sely controll ed apertures;, such as contact

openi ngs, that are subsequently filled with a
conductive netal and interconnected to create
conponents and very |arge scale integrated (VLSI) or
ultra large scale integrated (ULSI) circuits. The
nmet hods for defining and form ng such openings are
equally well known to those who are skilled in the
art. Market demands for faster and nore powerful
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hi gher packing fraction of active devices. This
increased 2 packing fraction invariably neans that
the interconnections for ever-nore- conplicated
circuits are nmade to small er dinensions than before.
Thus t he aspect
Background of Invention

1) Field of the Invention

This invention relates generally to fabrication of semiconductor devices and
more particularly to methods to form contact plugs and barrier layers and

interconnects.
2) Description of the Prior Art

It is well known that integrated circuit fabrication on semiconductor wafers
requires the formation of precisely controlled apertures, such as contact openings,
that are subsequently filled with a conductive metal and interconnected to create
components and very large scale integrated (VLSI) or ultra large scale integrated
(ULSI) circuits. The methods for defining and forming such openings are equally
well known to those who are skilled in the art. Market demands for faster and more
powerful integrated circuits have resulted in significant growth in the number of

devices per cn, i.e., a higher packing fraction of active devices. This increased



rati os of the contacts, i.e., the ratio of the opening
depth to the opening dianeter, have increased. In the
past, alum num (Al) was deposited in the contact

openi ngs over a barrier layer to form contacts.
However, sone fabrication processes, especially those
used to produce CMOS and bi pol ar sem conductors, now
use tungsten (W deposited within the contact opening
over an adhesion/barrier layer of titaniunfititani um
nitride (Ti/TiN). Such adhesign/barrier |ayers are
needed because of the extrenely poor adhesion of
tungsten applied by chem cal vapor deposition (CVD)
on such dielectrics as borophosphosilicate gl ass
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substrate is achieved by interposing |ayers of
haveaiRcig@safld titani umnitride between the dielectric
and the tungsten plug. However, the prior art Wplug
pr ocelndhe pash) aheminupr M paasigeposited iflilkee coptact apeningsf over a
overcom ng the various deficiencies noted above is
barrige layedtodfpriuontadtendowevdr esdme fatgrioatibn gesedse psiessipecially
directed to the subject, as
those used to produce CMOS and bipolar semiconductors, now use tungsten (W)
deposited within the contact opening over an adhesion/barrier layer of
titanium/titanium nitride (Ti/TiN). Such adhesion/barrier layers are needed because
of the extremely poor adhesion of tungsten applied by chemical vapor deposition
(CVD) on such dielectrics as borophosphosilicate glass (BPSG), silicon dioxide,
thermal oxide, and plasma-enhanced oxide and silicon nitride. However, it is
known that tungsten adheres well to TiN and that TiN adheres well to Ti and that
Ti, in turn, adheres well to the dielectrics listed. Thus, a method that achieves

good adhesion of CVD tungsten to the substrate is achieved by interposing layers

of titanium and titanium nitride between the dielectric and the tungsten plug.

However, the prior art W plug processes can be improved upon.



docunented by the rel evant patent and technica
literature. The cl osest and apparently nore rel evant
techni cal devel opnents in the patent literature can be
gl eaned by considering the follow ng. US6001726:

Met hod for using a conductive tungsten nitride etch
stop layer to form conductive interconnects and
tungsten nitride contact structure - formng a

contact structure for a shallow junction device -

I nventor: Nagabushnam Rajan. 3US6573147: Met hod of
form ng a sem conduct or device having contact using
crack-protecting layer - Formation of contact involves
form ng crack- protecting |ayer on interlayer
dielectric layer - Inventor: Mpon, Kwang-jin; Yongin,
US20030203512A1: METHOD FOR FABRI CATI NG SEM CONDUCTOR
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sequentially formng insulatin ntac
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conductive plug in sem conductor substrate.
desemsnied:byNbetielevant pairniendieshnical lgeature. The closest and

i nterconnection of sem conductor device using plug.
bpparenty mdrarclkuaat, tethmiealkdeve®pments in the patent literature can be

gleaned by considering the following.

US6001726: Method for using a conductive tungsten nitride etch stop layer
to form conductive interconnects and tungsten nitride contact structure - forming a

contact structure for a shallow junction device - Inventor: Nagabushnam, Rajan.

US6573147: Method of forming a semiconductor device having contact
using crack-protecting layer - Formation of contact involves forming crack-

protecting layer on interlayer dielectric layer - Inventor: Moon, Kwang-jin; Yongin,

US20030203512A1: METHOD FOR FABRICATING SEMICONDUCTOR
MEMORY DEVICE - Manufacture of semiconductor memory device, e.g. dynamic
random access memory, by §equentially forming insulating layer, contact hole, first
diffusion barrier, conductive léyer, and conductive plug in semiconductor

substrate.



Summary of the Invention The bel ow presents a
sinplified summary in order to provide a basic
under st andi ng of some aspects of exanpl e enbodi nents
of the invention. This sumary is not an extensive
overview of the invention. It is intended neither to
identify key or critical elenents nor to delineate the
scope of the enbodi nents. Rather, the primary purpose
of the summary is to present sonme exanple concepts of
the invention in a sinplifiedgormas a prelude to the
nore detailed description that is presented |ater.
The exanpl e enbodi nents of the present invention
provides a structure and a nethod of manufacturing a
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sem conductor substrate; (r) formng a contact hole
in said dielectric layer; 6 formng a first barrier

| ayer over said dielectric |ayer and said substrate in
said contact hole; said first barrier layer is
conprised of Ta;



form ng a second barrier |ayer over said first barrier
| ayer; said second barrier |layer is conprised of TaN
or W, formng a first conductive |ayer over said
second barrier layer at least filling said contact
hol e; chem cal - mechani cal polishing said first
conductive layer to forma first contact plug in said
contact hole; in a cleaning step, cleaning said
contact plug, said first barrier layer, said second
barrier layer and said dieleckric |layer using an etch.
An aspect of the first exanpl e enbodi nent conprises: e
the cleaning step preferably conprises a C and B
chem stry. An aspect of the first exanpl e enbodi nent
conprises: formng a second dielectric |ayer over
said first dielectric layer and said first contact
plug; formng an interconnect opening in said second
dielectric | ayer exposing said contact plug; formng
an interconnect in said interconnect opening
contacting said contact plug. 7

Summary of the Invention

The below presents a simplified summary in order to provide a basic
understanding of some aspects of example embodiments of the invention. This
summary is not an extensive overview of the invention. It is intended neither to
identify key or critical elements nor to delineate the scope of the embodiments.
Rather, the primary purpose of the summary is to present some example concepts
of the invention in a simplified form as a prelude to the more detailed description

that is presented later.

The example embodiments of the present invention provides a structure
and a method of manufacturing a contact with a barrier layer which is

characterized as follows.

A first example embodiment of a method of fabrication of a semiconductor device;
comprises the following :
o forming dielectric layer over a semiconductor substrate;

e forming a contact hole in said dielectric layer;



A second exanpl e enbodi nrent of a nethod of fabrication
of a sem conductor device conprise; formng

di el ectric |l ayer over a sem conductor substrate;
formng a contact hole in said dielectric |ayer;
formng a first barrier |ayer over said dielectric

| ayer and said substrate in said contact hole; said
first barrier layer is conprised of tungsten nitride;
formng a first conductive | ayer over said first
barrier layer at least filling said contact hole;
chem cal - mechani cal polishing said first conductive

| ayer to forma first contact plug in said contact
hole; in a cleaning st ep, cleaning said contact plug,
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| ayer and said first contact plug; 8
barrier layer is comprised of TaN or WN;

o forming a first conductive layer over said second barrier layer at least filling
said contact hole;

¢ chemical-mechanical polishing said first conductive layer to form a first
contact plug in said contact hole;

¢ in a cleaning step, cleaning said contact plug, said first barrier layer, said

second barrier layer and said dielectric layer using an etch.

An aspect of the first example embodiment comprises:

¢ the cleaning step preferably comprises a Cl and B chemistry.

An aspect of the first example embodiment comprises:
¢ forming a second dielectric layer over said first dielectric layer and said first
contact plug;
e forming an interconnect opening in said second dielectric layer exposing
said contact plug;
¢ forming an interconnect in said interconnect opening contacting said

contact plug.



form ng an interconnect opening in said second
dielectric |layer exposing said contact plug; formng
an interconnect in said interconnect opening
contacting said contact plug. The above and bel ow
advant ages and features are of representative

enbodi nents only, and are not exhaustive and/ or

excl usive. They are presented only to assist in

under standi ng the invention. It should be understood

that they are not representative of all the

i nventions defined by the clains, to be considered
limtations on the invention as defined by the clains,
or limtations on equivalents to the clains. For

i nstance, sone of these advantages may be nutually
contradictory, in that they cannot be sinultaneously
present in a single enbodinent. Simlarly, sone
advant ages are applicable to one aspect of the

i nvention, and i papplicable to others. Furthernore

Bsecanth eé%’ﬁ@@t embpdiment of aimrthod phiabrication akay §em5>pnductor
been di scussed herein. However, no inference should be

deviescompgee;di ng t hose discussed herein relative to

t hose not di scussed herein other than for purposes of
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apgari%%lrfgna H%‘? barrier layer over said dielectric layer and said substrate in
said contact hole; said first barrier layer is comprised of tungsten nitride;
o forming a first conductive layer over said first barrier layer at least filling said
contact hole;
¢ chemical-mechanical polishing said first conductive layer to form a first
contact plug in said contact hole;
¢ in acleaning step, cleaning said contact plug, said first barrier layer, said

second barrier layer and said dielectric layer using an etch;

An aspect of the first example embodiment comprises:

¢ the cleaning step preferably comprises a Cl and B chemistry.

An aspect of the second embodiment comprises:
o forming a second dielectric layer over said first dielectric layer and said first

contact plug;



foll owi ng description, fromthe draw ngs, and fromthe
clains. 9 Brief Description of the Drawi ngs The
features and advantages of a sem conductor device
according to the present invention and further
details of a process of fabricating such a

sem conduct or device in accordance with the present
invention will be nore clearly wunderstood fromthe
foll owi ng description taken in conjunction with the
acconpanyi ng drawings in whiclg i ke reference nuneral s
designate simlar or corresponding el enents, regions
and portions and in which: Figures 1 through 4 are
cross sectional views for illustrating a nethod for

emodihone Ao Aiee BREARE DAl teRBreldidbefE SBr Srposing

t hrough ,8 e, craoss sectional views for illustrating a
met ho%a'gé:?n ar(ﬂaRIH\gacturi ng contact according to an
second exanpl e enbodi nent of the present invention.
Fi Jur ©EMy)g arviptersppned) inpaid dptgeconaget PRAMNG oPRiactingsaid
illustrating a nmethod for nmanufacturing contact

accor emacttiugan process known by the inventors (not
prior art).

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented
only to assist in understanding the invention. It should be understood that they are
not representative of all the inventions defined by the claims, to be considered
limitations on the invention as defined by the claims, or limitations on equivalents
to the claims. For instance, some of these advantages may be mutually
contradictory, in that they cannot be simultaneously present in a single
embodiment. Similarly, some advantages are applicable to one aspect of the
invention, and inapplicable to others. Furthermore, certain aspects of the claimed
invention have not been discussed herein. However, no inference should be drawn
regarding those discussed herein relative to those not discussed herein other than
for purposes of space and reducing repetition. Thus, this summary of features and
advantages should not be considered dispositive in determining equivalence.
Additional features and advantages of the invention will become apparent in the

following description, from the drawings, and from the claims.



10 Detailed Description of the Exanpl e Enbodi nents
Al | enbodi nents descri bed are exanpl e enbodi nents. An
exanpl e enbodi ment nay contain el enments of severa

cl ai med enbodi ments. The clains define the

enbodi nents of the invention. First exanple enbodi nent
A first exanple enbodinent is shown in figures 1
through 4. The first enbodi nent conprises (a) a
contact plug that can be conprised of a Ta | ower
barrier layer and an upper bargier |ayer(s) conprised
of TaN or WN and (b) a post CM cl eaning process.
Referring to figure 1, we provide a sem conduct or
structure 10 such as a Si wafer. W can provide
devices on or in the sem conductor structure. For
exanple, we can forma transistor. The transistor can
be conprised of at, Jeast sonpe of the 11. followi ng: a
gate dielectric 3 PeggFéchgeﬁﬁg&be awgg? silicide
cap 4 i dewal | = spacer(s) 38, SDE (source drain
exlto engh%g%%tu@? AP BN P %Q'H'icﬁn‘sl@@fo‘i’%w%?cc%ﬁ'ﬂg to the
S/D silicide regions 28.

present invention and further details of a process of fabricating such a

semiconductor device in accordance with the present invention will be more clearly
understood from the following description taken in conjunction with the
accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figures 1 through 4 are cross sectional views for illustrating a method for
manufacturing contact according to an first example embodiment of the present

invention.

Figures 5 through 8 are cross sectional views for illustrating a method for
manufacturing contact according to an second example embodiment of the
present invention.

Figures 9A, 9B and 10 are cross sectional views for illustrating a method for
manufacturing contact according to an process known by the inventors (not prior

art).



We can forman etch stop |ayer 41 over the devices and
substrate surface. The etch stop layer 41 can be
conprised of silicon nitride. Next, we forma
dielectric |layer (e.g., ILD layer) 43 over the

sem conductor substrate 10. The dielectric |ayer can
be conprised of silicon oxide, undoped silicon

di oxi de or SiO2 doped with B & or P and preferably of
undoped silicon dioxide. Next, we can form contact
hol es 42A 42B through the dief@gctric |ayer to expose
the substrate or silicide 28 (if present). Contact
hole 42B will be used to forma connection between
the S/ID region 20 and the gate silicide 40 using a
subsequently formed plug. Contact hole 42A will be
used to forma connection between the S/ D region 20
and a higher nmetal |ayer using a subsequently forned
plug. A First barrier layer (e.g., Ta) Then we forma
first barrier layer 44 over the dielectric |ayer 43
and the substrate 10 in the contact holes 42A 42B.
Preferably the first barrier |ayer can be conprised
of Ta and Detpiled Begeription afithe &xample kmbedimentst,.
The Ta is 12 preferably fornmed by a physical vapor
deposition process (PVD) and can have a

All embodiments described are example embodiments. An example
embodiment may contain elements of several claimed embodiments. The claims

define the embodiments of the invention.

First example embodiment

A first example embodiment is shown in figures 1 through 4. The first
embodiment comprises (a) a contact plug that can be comprised of a Ta lower
barrier layer and an upper barrier layer(s) comprised of TaN or WN and (b) a post

CMP cleaning process.

Referring to figure 1, we provide a semiconductor structure 10 such as a Si
wafer.
We can provide devices on or in the semiconductor structure. For example,

we can form a transistor. The transistor can be comprised of at least some of the



t hi ckness between 10 and 100 angstrons over the
dielectric layer 43. B. second barrier |ayer (e.g.,
TaN or WN) Still referring to figure 1, we forma
second barrier layer 48 on the first barrier |ayer
44. The second barrier |ayer 48 can be conprised of
TaN (tantalumnitride) or WN (tungsten nitride) and
conbi nati ons thereof and preferably consists
essentially of TaN or WN. The TaN can be forned by a
physi cal vapor deposition progess (PVD) or Chem ca
vapor deposition process (CvD). The WN can be forned
by a physical vapor deposition process (PVD) or
chem cal vapor deposition process (CVD). The second
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filling the contact holes 42A 42B. 13 The first

ansha(fe Eiligiledagions 28onpri sed of tungsten (W and is
nost preferably consists essentially of W The W1 ayer
can bW@efeanfeimian gtoh stapjagendt1 over the devices and substrate surface.

The etch stop layer 41 can be comprised of silicon nitride.

Next, we form a dielectric layer (e.g., ILD layer) 43 over the semiconductor
substrate 10. The dielectric layer can be comprised of silicon oxide, undoped
silicon dioxide or SiO, doped with B &/or P and preferably of undoped silicon
dioxide.

Next, we can form contact holes 42A 42B through the dielectric layer to
expose the substrate or silicide 28 (if present). Contact hole 42B will be used to
form a connection between the S/D region 20 and the gate silicide 40 using a
subsequently formed plug. Contact hole 42A will be used to form a connection

between the S/D region 20 and a higher metal layer using a subsequently formed

plug.

A. First barrier layer (e.g., Ta)

Then we form a first barrier layer 44 over the dielectric layer 43 and the
substrate 10 in the contact holes 42A 42B. Preferably the first barrier layer can be

comprised of Ta and is preferably comprised essentially of Ta. The Ta is



nucl eating layer and then formng a Wlayer using a
CVD deposition process. The first conductive |ayer
can be forned over top of the dielectric layer. D

Pl anari ze the first conductive |ayer Referring to
figure 2, we planarize the first conductive |ayer and
renove the barrier layer fromover the top of the
di el ectric layer preferably using a chem cal -
mechani cal polishing (CMP) process to formfirst
contact plugs 52 in the contat? holes. E. d eaning
step (e.g., touch up etch) Referring to figure 3, we
performa touch up etch to try to renove any W
residue on the top surface ( such as of dielectric
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etch RRE tool. The main etch chemstry conprise a C
and B containing etch and is nore preferably a 2 and
BCl 3 cont ai ni ng etch cherri stry. 14 A feature of the
enmbodjpnment ' s S cont ai n| Evl s that the etch
rate of th%eqqqu a’fféﬁ’r’?-\é‘?" %199r , Ta) and the
second barrier layer 48 (e.qg. TaN or

Still referring to figure 1, we form a second barrier layer 48 on the first
barrier layer 44.

The second barrier layer 48 can be comprised of TaN (tantalum nitride) or
WN (tungsten nitride) and combinations thereof and preferably consists essentially
of TaN or WN. The TaN can be formed by a physical vapor deposition process
(PVD) or Chemical vapor deposition process (CVD). The WN can be formed by a
physical vapor deposition process (PVD) or chemical vapor deposition process

(CVD).

The second barrier layer 48 can have a thickness between 10 and 500

angstroms over the dielectric layer.

C. first conductive layer

Then we form a first conductive layer (not shown) on the second barrier

layer 48 at least filling the contact holes 42A 42B.



W\) is simlar or about equal to (e.g., wthin +1- 5%
the etch rate of W The etch tinme can be between 1
and 2 mnutes. The etch can renoved a thickness of the
W contact plug 52 between about 200 to 500 A and an
oxi de 43 thickness between about 300 to 800 A The
etch paraneters are preferably set to get the etch
rates of the dielectric |layer (e.g., oxide) the
barrier layers and the plug (e.g., w) with 10 % and
nore preferably within 5% Figure 3 shows top
surfaces 56 of the barrier |layers and the absence of
the "slit" (such as the etching of the barrier |ayers
44 48 selective to the Wplug and the dielectric
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Referrl ng to figure 4, we form a second dielectric
The @lfst-pgngq@wetlméerqunslfe formed over top of the dielectric layer.

D. Planarize the first conductive layer

Referring to figure 2, we planarize the first conductive layer and remove the
barrier layer from over the top of the dielectric layer preferably using a chemical-
mechanical polishing (CMP) process to form first contact plugs 52 in the contact

holes.

E. Cleaning step (e.g., touch up etch)

Referring to figure 3, we perform a touch up etch to try to remove any W
residue on the top surface ( such as of dielectric layer 43 and plug) after the CMP.
To clean, we can reactive ion etch the contact plug, the first barrier layer, the
second barrier layer and the dielectric layer.

The W touch up RIE can be done in any metal etch RIE tool. The main etch
chemistry comprise a Cl and B containing etch and is more preferably a Cl, and

BCl3 containing etch chemistry.



dielectric |ayer 43 and the first contact plugs 52. W
can form an interconnect opening in the second
dielectric layer 70 exposing the contact plug 52. W
can forminterconnects (M) (74 76) in the

i nt erconnect openings contacting the contact plugs
52. The interconnects 74 76 can be conprised of a
upper barrier layer 74 and upper conductive

i nterconnects 76. The upper barrier Ilayer 74 can be
conprised of Ta or TaN. Prefetdébly the upper barrier

| ayer 74 is conprised of a first upper barrier |ayer
and a second upper barrier |ayer over the first upper
barrier layer. The first upper barrier |ayer can be

conpr R%ﬁ@ré’éf tﬁré‘ e?r%dlr‘haﬁt@ e$ and BWIRiniRa dtétels thQ’b’tﬂE etch rate

can be conprised of TaN The upper arrleg 'ayer
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between about 300 to 800 A.

The etch parameters are preferably set to get the etch rates of the dielectric
layer (e.g., oxide) the barrier layers and the plug (e.g., w) with 10 % and more

preferably within 5%.

Figure 3 shows top surfaces 56 of the barrier layers and the absence of the
“slit” (such as the etching of the barrier layers 44 48 selective to the W plug and
the dielectric layer).

The embodiment’s refractory metal nitrides barrier layers (e.g., TaN and
WN) have a better etch resistance to the W touch up etch (comprised of Cl and B)

than barrier layers comprised of Ti or/and TiN.

F. second dielectric layer

Higher level dielectric layers and interconnect layers can be formed

thereover.



Figures 5 thru 8 show the second exanpl e enbodi nent.
Simlar elenments can have the sane characteristics as
descri bed above for the first enbodi nent. W provide a
sem conductor structure 10 such as a Si wafer. W can
provi de devices on or in the sem conductor structure.
For exanple, we can forma transistor that can be
conprised of: a gate dielectric 30, gate electrode
32, gate silicide 40; sidewall spacer(s) 38, SDE 22
and source and drain regionst®0; and S/ D suicide
regions 28. W can forman etch stop |ayer 41 over the
devi ces and substrate surface. The etch stop |ayer 41
can be conprised of silicon nitride. Next, we can form

a_0i eheEAlrio AR 44TeREh SR aReh SRAL gyeﬁvag,p@%% first

ayer can be conp
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or silicide 28 (if present). Contact hole 42B shows a
subsequent connection between the S/ D region 20 and
the gate silicide 40. A barrier layer - W 17 Still
r ef er' Merganformiagupterepnnget epening i thesecprd diedectrialayer 70
49 over the dielectric |ayer 43 and the substrate 10
expasing hermoatact pbiged2.42A 42B. The first barrier |ayer

We can form interconnects (M1) (74 76) in the interconnect openings
contacting the contact plugs 52. The interconnects 74 76 can be comprised of a
upper barrier layer 74 and upper conductive interconnects 76. The upper barrier
layer 74 can be comprised of Ta or TaN. Preferably the upper barrier layer 74 is
comprised of a first upper barrier layer and a second upper barrier layer over the
first upper barrier layer. The first upper barrier layer can be compromise of Ta and
the second upper barrier layer can be comprised of TaN The upper barrier layer
can have a thickness between 10 and 500 angstroms.

The upper conductive interconnects 76 can be comprised of Cu.

The device can be further processed using conventional processes.

The embodiments’ barrier layers 44 48 that are resistant to the W touch up

RIE prevent shorts between the M1 to polysilicon.



49 can be conprised of WN (tungsten nitride) and
preferably consists essentially of tungsten nitride
WN. The WN barrier |ayer can be fornmed by a chemi cal
vapor deposition process (CVD), Atom c |ayer
deposition process (ALD), or a physical vapor
deposition process (PVD). The barrier |ayer can have a
t hi ckness between about 10 and 500 angstrons over the
dielectric layer. B. contact W forma first
conductive | ayer (not shown) ¢ the first barrier

| ayer at least filling the contact hole. The first
conductive is conprised of tungsten (W and nost
preferably W Referring to figure 6, we can
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43. The CMP process can | eave sonme contam nants on the
rigocast $ HyuSustione the. secand exaenple espbodinent cBimilar eterhents can
Referring to figure 7, we can clean or touch up the

lsave theesane charatledisticyas desdribadretove fantie fiesti etaisodigieht.
by the previous processes such as the CMP. W 18 can
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We can provide devices on or in the semiconductor structure. For example,
we can form a transistor that can be comprised of: a gate dielectric 30, gate
electrode 32, gate silicide 40; sidewall spacer(s) 38, SDE 22 and source and drain
regions 20; and S/D silicide regions 28.

We can form an etch stop layer 41 over the devices and substrate surface.
The etch stop layer 41 can be comprised of silicon nitride.

Next, we can form a dielectric layer 43 over a semiconductor substrate 10.

The dielectric layer 43 can be comprised of silicon oxide.
Next, we can form contact holes 42A 42B through the dielectric layer to

expose the substrate or silicide 28 (if present). Contact hole 42B shows a

subsequent connection between the S/D region 20 and the gate silicide 40.

A barrier layer — WN



| ayer and the dielectric |layer to renove contam nates
such as Wparticles after the WOCM. The touch up R E
process can be the same as describe above in the first
enbodi nment. Figure 7 shows top surfaces 56 of the
barrier |layers are about even with the top surfaces
of the Wplug 52 and the dielectric |layer 43. Al so
note the absence of a sidewall "slit" between the
plug 52 and the dielectric layer 43 (etching of the
barrier layer 49 selective tojthe Wplug and the
dielectric layer) that can cause problens. The
barrier layer, the dielectric layer and the plug have

about the sanme etch rates (preferably within +/- 5 %
h
The oTunerBHEY iHB<Co SRS 1 SR W Ao SRR dipfpotri
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a second dielectric layer 70 over the first _
ai langetepinitriflay¥N. Zhe awﬁ befrieriayestcandit igemeg by gscismicalovapor

deposition process (CVD), Atomic layer deposition process (ALD), or a physical
vapor deposition process (PVD). The barrier layer can have a thickness between

about 10 and 500 angstroms over the dielectric layer.

B. contact

We form a first conductive layer (not shown) on the first barrier layer at least
filling the contact hole. The first conductive is comprised of tungsten (W) and most
preferably W.

Referring to figure 6, we can chemical-mechanical polish (CMP) the first
conductive layer to form a first contact plugs 52 in the contact holes. The CMP
also preferably removes the first barrier layer 49 on the top of the dielectric layer

43. The CMP process can leave some contaminants on the resulting surfaces.

C. clean step - touch up etch

Referring to figure 7, we can clean or touch up the surfaces to remove any

contaminates and resides left by the previous processes such as the CMP. We



Next we form an interconnect opening in the second
dielectric |layer exposing the contact plug. W form
an interconnect 74 76 in the interconnect opening
contacting the contact plug. The interconnects 74 76
can be conprised of a upper barrier |ayer 74 and
upper conductive interconnects (e.g., Cu) 76. The
upper barrier layer 74 and upper interconnect can be
made as descri bed above in the first enbodi ment. The
devi ce can be further processeg using conventiona
processes. E. a problem sone exanpl e enbodi nents
coul d solve Referring nowto the drawi ng and nore
particularly to figures 9A, 9B and 10, there is shown
. | R

Baf REHCREE it &8 BoMeBL o] 66 YRy VG, FALBGRa barter
[ _mpr av nt. lt.is to be understood .in this reqgar
VBt SN MRhelestricyBveg o e SRRl et TR o litRlicTen atter the
ggcﬁhﬁor art as to the present invention. Figures 9A

a¢ 10 are not prior art. Rather, this highly
sinplified diagramis an effort to provide an inproved
under $hétrlichd/PORIE peppsispican pedbe same amdesaribeabere bnihe first
by the sone of the exanple enbodi nents of teh
embediment. Fi gure 9A shows a cross sectional view of a
contact plug 52 and barrier film 104 106 after Wpl ug
52 CMPigure 7 shows top surfaces 56 of the barrier layers are about even with the

top surfaces of the W plug 52 and the dielectric layer 43. Also note the absence of
a sidewall “slit” between the plug 52 and the dielectric layer 43 (etching of the
barrier layer 49 selective to the W plug and the dielectric layer) that can cause
problems. The barrier layer, the dielectric layer and the plug have about the same
etch rates (preferably within +/- 5 %) in the RIE touch up clean etch comprising B

and Cl.

The etch parameters are preferably set to get the etch rates of the dielectric
layer (e.g., oxide) the barrier layers and the plug (e.g., W) +/- within 10 % and

more preferably within +/- 5%.

D. upper interconnect (e.g., M1)

Referring to figure 8, we form a second dielectric layer 70 over the first

dielectric layer 43 and the first contact plugs 52.



Fi gure 9B shows a cross sectional view of a contact
plug 52 and barrier film 104 106 after a RIE touch up
etch (e.g., 2 and BClI 3 chemistry), The barrier film
is 20 conprised of a first barrier |layer 104
conprised of Ti and a second overlying barrier |ayer
106 conprised of TIN. A Wplug is forned in the
openi ng over the barrier film 104 106. As shown
figure 9B, the RIE etches the barrier film 104 106 at
a fairly fast rate conpared 1® the dielectric |ayer
43 and Wplug 52 to formsidewalls slits 110. The
etch rates of Ti and TIN (barrier |layers 104 106) in
Cl2 and ECl 3 etch chem stries are at least 2 tines

faste 0 . .. The
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%gﬂ; [ ' | ayer 43 which may result in a M
ﬁﬁﬁvggﬁﬁﬁgﬁ{gh@rt. Referring to figure 10, we can

see that. t he litho RLE (reactive ion etch)

ot ovi W Taf ap RetsiarBost & 7 it ing Inrcenmes apening spatastiog the

in the dielectric layer_ near the sidewall slit

FRItattRug- Hdednterconnesite i A caribe comprised: of deeppasdlaoier layer

the dielectric layer surface. This can cause an upper

[heed dopeceandpetiveintercenaacts bmgt, Cu)I76. Shawrippasbsiriet lager 74

di stance (dielectric |ayer 43 thickness) between

drut upperahteMbnnetinearyibe anatiet &pdgseriped albevae th ey firbeerdbodiment.
small as 500 A. The sidewall slit and

The device can be further processed using conventional processes.

E. a problem some example embodiments could solve

Referring now to the drawing and more particularly to figures 9A, 9B and
10, there is shown a contact structure over which some of the example
embodiments of the present invention are an improvement. It is to be understood
in this regard that no portion of Figs 9A, 9B and 10 are admitted to be prior art as
to the present invention. Figures 9A, 9B and 10 are not prior art. Rather, this
highly simplified diagram is an effort to provide an improved understanding of
possible problems that are overcome by the some of the example embodiments of
teh invention.

Figure 9A shows a cross sectional view of a contact plug 52 and barrier film
104 106 after W plug 52 CMP.

Figure 9B shows a cross sectional view of a contact plug 52 and barrier film

104 106 after a RIE touch up etch (e.g., Cl, and BCl3 chemistry). The barrier film is



subsequent over etch can cause the upper interconnect
76 to gate 32 short. 21 |Ill. aspects of the exanple
enbodi ments The exanpl e enbodi ments of the invention
formbarrier |ayers under a W contact plug. The
barrier layers are resistant to a particular R E etch
used on a W touch up etch after a Wplug CW step.
The conbi nation of the conpositions of the barrier

| ayers (e.g., Ta, TaN and WN) and the Wtouch up RIE
etch chemstry (e.g., O and2®) prevent the problem
of a slit formation that can cause shorts. A
non-limting exanpl e enbodi nents In the above
description nunerous specific details are set forth
g?'r@Bn@é:d b1 é’gfest bakfe? ’rl%&lrrjgﬁggomgeﬁi |79 aa@ W GKBRa Verlying
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esi denc LAeS, gas flow rates are equi pnent specific
éﬂr '%ﬁﬁ%{‘/aﬂg- fromone brand of equi pnent to another.

It will be obvious, however, to one skilled in the
art that the present invention may be practiced
w t hout these details. |In other instances, well known

pr oc el shewe figate 93 .dhe RIEcstchesithierbadeeraiilin 104 v06let a f4idy fast

not unnecessarily obscure the present invention. Gven

teite compaetdytodhe eiddectiiotayies 48fanidhef MugSL s forfy SiakvaNs slits 110.

j ust descri bed,

The etch rates of Ti and TiN (barrier layers 104 106) in Cl, and BCl; etch

chemistries are at least 2 times faster (e.g., 200%) than that of W (W plug 52).
The slitis bad because it may cause the M1 overetch into contact dielectric

layer 43 which may result in a M1 to polysilicon short.

Referring to figure 10, we can see that the M1 litho and RIE (reactive ion
etch) provide an excessive over etch that creates a hole 200 in the dielectric layer
near the sidewall slit because the slit allowed the RIE to start deep below the
dielectric layer surface. This can cause an upper interconnect 76 to gate 32 short.
In some cases, the distance (dielectric layer 43 thickness) between bottom of M1
line 76 and top poly gate 32 can be as small as 500 A. The sidewall slit and

subsequent over etch can cause the upper interconnect 76 to gate 32 short.



the above description and illustrations show not be
taken as limting the scope of the present invention
defined by the claims. 22 Wiile the invention has
been particularly shown and described with reference
to the preferred embodi nents thereof, it will be
understood by those skilled in the art that various
changes in formand details may be nmade without
departing fromthe spirit and scope of the invention.
It is intended to cover variogs nodifications and
simlar arrangenents and procedures, and the scope of
the appended cl ainms therefore should be accorded the
broadest interpretation so as to enconpass all such

hd [ 14 enments and procedures.
[ngdéé éﬁgg?ﬁegslrgmnﬂ%hﬁo%?ﬁ%ati ng an integrated
circuit conprjsi ng: providing a substrate prepared
wi th ahesropls ewbpdimants\pk thednyentioaderm patrier dawens ngger a W
|ining the contact plug opening with a barrier |ayer;
aertact plug.nbhe barrieplayats ansl registard o aganicutaraRiEoeidhastd on a W
material to forma contact plug in the contact plug
topehiupgetch after a W plug CMP step. The combination of the compositions of
the barrier layers (e.g., Ta, TaN and WN) and the W touch up RIE etch chemistry

(e.g., Cl and B) prevent the problem of a slit formation that can cause shorts.

A non-limiting example embodiments

In the above description numerous specific details are set forth such as flow
rates, pressure settings, thicknesses, etc., in order to provide a more thorough
understanding of the present invention. Those skilled in the art will realize that
power settings, residence times, gas flow rates are equipment specific and will
vary from one brand of equipment to another. It will be obvious, however, to one
skilled in the art that the present invention may be practiced without these details.
In other instances, well known process have not been described in detail in order

to not unnecessarily obscure the present invention.

Given the variety of embodiments of the present invention just described,
the above description and illustrations show not be taken as limiting the scope of

the present invention defined by the claims.



pol i shing the substrate, wherein polishing produces a
top surface of the contact plug which is copl anar
with top surfaces of the barrier layer and dielectric
| ayer; and cleaning with a touch up etch after
polishing to renove residue of the conductive
material on the dielectric |ayer, wherein the touch up
etch etches the barrier |ayer and conductive nmateria
at simlar etch rates to avoid corrosion of the
barrier |layer which causes coppact plug sidewall slit.
2. The method of claimI| wherein the conductive
material filling in the contact plug opening
conprises tungsten. 3. The nethod of claimI wherein:

the c i Lal ' n- copper . .
conduanitsdhe HfieBRb b8 betR PRI RO SBF Esiarper vuto

tal _or nitride her epf, i.ncl udin Ta
[keRR I I Bilire apbinisiis Leirech s wil be HagEihiaaibay tose
cl.aim3 wherein an etch chem stry of the touch up etch
E'Sﬁ%ﬂ"stes 3¢ thahyeripusschanges i farptast deleds may heonpde vdthout
form ng_a sub-barrier |ayer between
departing from the spirit and scope of the invention. It is intended to cover various
modifications and similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest interpretation so as to

encompass all such modifications and similar arrangements and procedures.



the dielectric layer and the barrier layer. 6. The

nmet hod of claim5 wherein an etch chem stry of the
touch up etch conprises C? and B. 7. The nethod of
claim5 wherein the sub-ba ?’i er |ayer conprises Ta. 8.
The method of claim7 wherein an etch chem stry of the
touch up etch conprisesCCAIMBd B. 9. A nethod of
fabricating a sem conductor device conprising:

1. pr oW dethbdeofSebatatiicam Ireggraest virddit cdrhphisihgel ement s
thereon; formng a dielectric |ayer on the substrate,;

gat %Miﬂélat Sfbstia EFéCdéréd l\/\f'i‘tl‘ng:f dicfedtRE iﬂa%r W}}@géntawg

peni ng; ining t ont act ug openi

' layer; formng a contact plug in the opening,
pl"&i(;eééé'ﬁp’t he contact plug conprises a barrier |ayer

linj.ng the opening and a conductive material filling
theh'a'gﬂttg%tco (9ch PG ORENUNG WA A PRRTST lAeEr 228 having a
top surface coplanar with top surfaces of the barrier
| ay &fingiloe gpetast piugconenjrg withenegriluctive matedaldo form a
cleaning with a touch up etch after polishing to
contagbplegrie shelgentatt pluwg opemityyct i ve material on the

dielectric |ayer, wherein the touch up etch etches 25
polishing the substrate, wherein polishing produces a top surface of the
contact plug which is coplanar with top surfaces of the barrier layer and
dielectric layer; and
cleaning with a touch up etch after polishing to remove residue of the
conductive material on the dielectric layer, wherein the touch up etch etches

the barrier layer and conductive material at similar etch rates to avoid

corrosion of the barrier layer which causes contact plug sidewall slit.

2. The method of claim 1 wherein the conductive material filling in the

contact plug opening comprises tungsten.

3. The method of claim 1 wherein:

the conductive material comprises a non-copper conductive material;
and

the barrier layer comprises refractory metal or nitrides thereof including

Ta, TaN, WN or a combination thereof.



the barrier layer and conductive material at simlar

etch rates to avoid corrosion of the barrier |ayer

whi ch causes contact plug ?%demall slit. 10. The

met hod of claim9 wherein e etch rates of the

conductive material and the barrier layer are within
4. 10%0hé neethbd of BRImdIwheceis laaagtcinghemistry ditbenetdrodp etch

claim9 wherein the barrier |layer conprises refractory
cormptidés ©f aRdty.i des thereof including Ta, TaN, WN or a

conbi nation thereof, and the nethod conprises formng

a sub-barrier |ayer between the dielectric |ayer and

the barrier layer. 12. The method of claim 11 wherein

t he_sub-barrier layer has an_etch rat substanti al |
5. o1 T TEMEE08 KEelaT § hRMEOneR oo AaBrbaion et hatween
barrier layer during cleaning. 13. The nethod of
thecqliglestricilayfeard e harmiealavesr ri er | ayer has an etch
rate wthin 10% of that of the conductive nateri al
and the barrier layer during cleaning. 14. A nethod
of fabricating a sem conductor device conpri sing:

6. Pr oTheinfgthad i RRdimae heFeiR ahastciichBrmidtheoti the@betie 0p tch
thereon; formng a dielectric |ayer on the substrate,;

comptit&s By Qagtdhe dielectric layer to forma contact plug
ogenlng; )

7. The method of claim 5 wherein the sub-barrier layer comprises Ta.

8. The method of claim 7 wherein an etch chemistry of the touch up etch

comprises Cl and B.

9. A method of fabricating a semiconductor device comprising:

providing a substrate prepared with circuit elements thereon;

forming a dielectric layer on the substrate;

patterning the dielectric layer to form a contact plug opening;

lining the contact plug opening with a barrier layer;

forming a contact plug in the opening, wherein the contact plug
comprises a barrier layer lining the opening and a conductive material filling
the contact opening, the conductive material having a top surface coplanar
with top surfaces of the barrier layer and dielectric layer from polishing; and

cleaning with a touch up etch after polishing to remove residue of the

conductive material on the dielectric layer, wherein the touch up etch etches



depositing a barrier |layer on the substrate, the
barrier layer lining the contact plug opening; 26
depositing a conductive material to fill the contact
pl ug openi ng; polishing tKe substrate to renove
excess conductive material and barrier |ayer over the

thélbghRe 1dye? dndygdnduetive® hiatérifien sihlardttl rateste el
with the barrier layer, wherein a top surface of the

_ : . _ he

f .
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touch up etch after polishing to renove residue of the
conductive material on the dielectric |ayer, wherein

the_touch up etch etches the barrier |ayer and .
10g0nTHOTTSBORA I © Iheteinitha et (ios af (e cnchpve

corrosion of the barrier |ayer which causes contact
maienig anddieectdrrier layer ag withie 1a% ld@ach otheri doring eleaniegn

the barrier layer conprises refractory netal or

nitrides thereof including Ta, TaN, WN or a

conbi nation thereof, and the nethod conprises formng

112 sqhehastholrof|R}RY 9 WcrEiRRhE 'B‘érrﬁ’érq%%rtédﬁ?r‘i@éeﬂéfraéfb‘?y

the barrier layer. 16. The nmethod of” claim 15 wherein

métS Mﬁfd?%rtﬁ.%%trof L@Yﬁg& 3% FNEVEQ o&%t cg?m §¢A%§§@E\§¢{§B# %ind

simlar cohducti ve

thebr%zaccrlwgc{ cé%%ﬁges forming a sub-barrier layer between the dielectric layer

and the barrier layer.

12. The method of claim 11 wherein the sub-barrier layer has an etch rate
substantially similar to that of the conductive material and the barrier layer

during cleaning.

13.  The method of claim 11 wherein the sub-barrier layer has an etch rate
within 10% of that of the conductive material and the barrier layer during

cleaning.

14. A method of fabricating a semiconductor device comprising:
providing a substrate prepared with circuit elements thereon;
forming a dielectric layer on the substrate;
patterning the dielectric layer to form a contact plug opening;
depositing a barrier layer on the substrate, the barrier layer lining the

contact plug opening;



during cleaning of the contact plug. 17. The nethod of
claim9 wherein an etch chem stry of the touch up etch
conprises O and B. 18. Th(g nmet hod of claim 10 wherein
an etch chem stry of the t 9ch up etch conprises C

and B. 27 19. The nethod of claim 11 wherein an etch

chedepositingt ddmeluttive matériadtto fill tie® coniastplugl opmihds.
20. The met hod of claim 14 wherein the etch rates of

t hepg ﬁ tHev SubstRite th Admane eR&%sb@drfd Rfive Meﬁérlélré‘nd
in 10% of each other during cleaning.
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a substrate prepared with a first |ayer; patterning

surfaees ofrtoe hagyer anddiedratiialavepsandy; and fornming a fill
in the opening, the fill conprises a |liner |ayer
| i nclegningewitlo penudly upredcka aftecpalshireg ter femhovie tdsidug ofithe
openi ng, wherein top surfaces of the

conductive material on the dielectric layer, wherein the touch up etch etches

the barrier layer and conductive material at similar etch rates to avoid

corrosion of the barrier layer which causes contact plug sidewall slit.

15.  The method of claim 14 wherein the barrier layer comprises refractory
metal or nitrides thereof including Ta, TaN, WN or a combination thereof, and
the method comprises forming a sub-barrier layer between the dielectric layer

and the barrier layer.

16. The method of claim 15 wherein the sub-barrier layer has an etch rate
substantially similar to that of the conductive material and the barrier layer

during cleaning of the contact plug.

17.  The method of claim 9 wherein an etch chemistry of the touch up etch

comprises Cl and B.

18.  The method of claim 10 wherein an etch chemistry of the touch up etch

comprises Cl and B.



l'iner layer, second material, and first layer are

copl anar, wherein the liner |ayer and the second

mat erial can be etched with_ simlar etch rates during
a subsequent touch up etch2fo renove residue of the
second material on the first layer to avoid formation

190f  TheenainbdJficdldimMe whereih &' &i8h @ReRisth16f thertlich up etch
| ayer. 23. The nmethod of claim22 wherei'n the opening

L ontact plug opening and filling the
Coﬁ%ﬂ@g%t%ﬁépgggopeni ng forms a contact plug. 24. The

met hod of claim 23 further conprises: 28 polishing
the second material to formthe contact plug; and
perform ng the subsequent touch up etch to renpve

20y esiThaanethodipd clajecbhwhereia the ptdhratesof ﬁhpsqondaytéve
25. The nethod of claim24 wherein an etch chem stry

maidériallanc thediartier leyeharecwitipini €26 ofleaagh dtiBr 2gingTtieaning.
met hod of claim 22 wherein: the first materi al
conprises a dielectric material; the Iiner |ayer
conprises a refractory netal or nitrides thereof

211 NCITHEiRGthoddf clhh 18\Whefeif t€ SbAIANay SR & hn etdtirate

within 10% of that of the conductive material and the barrier layer during

cleaning.

22. A method of fabricating a device comprising:

providing a substrate prepared with a first layer;

patterning the first layer to form an opening; and

forming a fill in the opening, the fill comprises a liner layer lining the
opening and a second material filling the opening, wherein top surfaces of the
liner layer, second material, and first layer are coplanar,

wherein the liner layer and the second material can be etched with
similar etch rates during a subsequent touch up etch to remove residue of the
second material on the first layer to avoid formation of sidewall slits due to

corrosion of the liner layer.

23. The method of claim 22 wherein the opening comprises a contact plug

opening and filling the contact plug opening forms a contact plug.

24. The method of claim 23 further comprises:



the second material conprises a conductive nateri al

i ncluding tungsten. 27. The nethod of claim 26
further conprises: polishi bg the second material to
formthe contact plug; and“ perform ng the subsequent
touch up etch to renove residue of the second

mat eplistingthe secdrid matdriaf é for@Bthe Tdumtacttphagt afd cl ai m
27 wherein an etch chem stry of the touch up etch

CONPEHERAING!the RUbEequdht tdudfelip @ttrPfo featdvec@isidi@ o the

sem conductor device conprising: providing a

seé&ﬂfHa?ér%l%rnecHérfﬁ& Mgérh a dielectric layer wth a

cont act 29 lining the contact plug

openi ng vvlth a barr| er layer conprising refractory

rretal or nitrides thereof including Ta, TaN, WN or a
thereof; filling the contact

nati on openl n
25vv| Fﬁ'hs et ﬁ@*mo%ﬁ]w@@f@v@nrﬁi@féphamlst wgthpgp

forma contact plug in the contact plug opening;
comprisesiChgndiis substrate, wherein a top surface of the
contact plug is

26. The method of claim 22 wherein:

the first material comprises a dielectric material;

the liner layer comprises a refractory metal or nitrides thereof including
Ta, TaN, WN or a combination thereof; and

the second material comprises a conductive material including
tungsten.
27.  The method of claim 26 further comprises:

polishing the second material to form the contact plug; and

performing the subsequent touch up etch to remove residue of the

second material on the first layer.

28. The method of claim 27 wherein an etch chemistry of the touch up etch

comprises Cl and B.

29. A method of fabricating a semiconductor device comprising:
providing a substrate prepared with a dielectric layer with a contact

plug opening;



coplanar with top surfaces of the barrier |ayer and
dielectric layer; and cleaning with a touch up etch
after polishing to renove r2§si due of the conductive
material on the dielectric“FPayer, wherein the touch up
etch etches the barrier |ayer and conductive nateri al

at $inimglthe cehtdtt pRigespdringwithch bartica tdyer Rbrprdirdewal |
slit formation.
refractory metal or nitrides thereof including Ta, TaN, WN or a combination
thereof;
filling the contact plug opening with a non-copper conductive material
comprising W to form a contact plug in the contact plug opening;
polishing the substrate, wherein a top surface of the contact plug is
coplanar with top surfaces of the barrier layer and dielectric layer; and
cleaning with a touch up etch after polishing to remove residue of the
conductive material on the dielectric layer, wherein the touch up etch etches

the barrier layer and conductive material at similar etch rates to avoid contact

plug sidewall slit formation.



