1 METHODS TO ELI M NATE CONTACT PLUG SIDEWALL 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 conduct or wafers require% 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. Mapkectegansis) hvNARS CONBRAT TG SIORRAY! SLIT
integrated circuits have resulted in significant
growmh in the nunber of devices per cm, i.e., a

hi gher packing fraction of active devices. This
increased 2 packing fraction invariably neans that
the i nterconnections for ever-nore-

Background of Invention
1) Field of the Invention
This invention relates generally to fabrication of semiconductor devices and
more particularly to methaods 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 controlied apertures, such as contact openings,
that are subsequently filled with a conductive metal and interconnected to create
components and very large scale integrated (VLS!) 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 cm?, i.e., a higher packing fraction of active devices. This increased




conplicated circuits are nade to smaller dinensions
than before. Thus the aspect ratios of the contacts,
i.e., the ratio of the opening depth to the opening
di anmeter, have increased. In the past, alum num (Al)
was deposited in the contact openings over a barrier
| ayer to formcontacts. However, sone fabrication
processes, especially those used to produce CMOS and
bi pol ar sem conduct ors, now se tungsten (W
deposited wthin the contact opening over an
adhesion/barrier layer of titaniunftitaniumnitride
(Ti/TiN. Such adhesion/barrier |ayers are needed
paekiay sectiof invadablytmeansd $haptherinedtmsiestiond for engsmene-
appl i ed by chem cal vapor deposition (CVD) on such
cdirpliestet icirsuigsakomanb es pmasied difrheiopksassn bEBEE)Thus the aspect
silicon dioxide, thermal oxide, and pl asna-enhanced

| iotsCPB. Mhd Fd Sihg debti ® thKPeRingBameter,
rgt?}ins‘gj(gttgﬁ gggﬂﬁgtrsgg ngllh% F%t%eo'lfitmpgﬁ% t ﬂat bTi N ad @r es?b wel |

' hat Ti, in turn, adheres well to the

k%?%ﬁg% rlé% listed. Thus, a nethod that achieves good

oy '+ 1t BBt o I Byl e frdgh oGy 8der a
nitride be%%/een the djelectric az}d tg% t unﬁst en pl up%. iall
bagiRJaYer 1 fRIMpFeRIACts, HOWRKPlGOBIedERESIIONRFCRses. especially

i nproved upon. 3_ The inportance of overconing the
thess wiss taairpdiemeMES ot dipa#iosamicgnductors, 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.




evi denced by the extensive technol ogi cal devel opnent
directed to the subject, as docunented by the

rel evant patent and technical literature. The cl osest
and apparently nore relevant technical devel opnments
in the patent literature can be gl eaned by
considering the foll ow ng. US6001726: Method for using
a conductive tungsten nitride etch stop layer to form
conductive interconnects and Qungsten nitride contact
structure - formng a contact structure for a shall ow
junction device - Inventor: Nagabushnam Rajan.
US6573147: Met hod of forming a sem conductor device
havi ng contact using crack-protecting |ayer -
Formati on of contact involves form ng crack-

Pr ot akliR@ohaes oPevdrodmIrganenatoes eeficiencitayeted-above is
I nventor: Moon, Kwang-jin; Yongin, US20030203512A1:

BB BT SRBHEOB S B CONBUETEGFor BEERS) BEW it as

of sem conductor nenory device
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LB TSRS B oo GRS el galre con e

rrakleégja mul ti] ayer )J t erconnecti on of semn conduct or
Ve einggthe 'IRUBNINGr :  Har akawa, Hi deaki .

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 sequentially forming insulating layer, contact hole, first
diffusion barrier, conductive layer, and conductive plug in semiconductor

substrate.




5 Sunmmary 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 sunmary is to present Sone exanple concepts of
the invention in a sinplified formas a prelude to the
nore detailed description that is presented |ater.
The exanpl e enbodi nents of the present invention

provig918148.rMetheref namn@anﬁmm@ eGhtdisHcaabl ol Ng a

contact with a barrier |layer which is characterized

[ met hod of
S Bt e R . e coe t e
following : formng dielectric |ayer over a
sem conduct or substrate; 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; formng a second barrier |ayer over
said first barrier |ayer; said second barrier |ayer
is conprised of TaN or W, formng a first conductive
| ayer over said second barrier layer at least filling
said contact hole; chem cal-nechanical polishing said
first conductive layer to forma first contact plug
in said contact hole; in a deaning step, cleaning
said contact plug, said first barrier |layer, said
second barrier layer and said dielectric |ayer using
an etch. An aspect of the first exanple enbodi ment
conprises: the cleaning step preferably conprises a
Cl and B chem stry. An aspect of the first exanple
enbodi nent conprises: formng a second dielectric

| ayer over said first dielectric |ayer and said first
contact plug; formng an interconnect opening in said
second dielectric |ayer exposing said contact plug;
formng an interconﬁgct in's id ]nte.connect openi ng
contacting said coRrt/Hupapy Bg.he nvention

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 :
e forming dielectric layer over a semiconductor substrate;

« forming a contact hole in said dielectric layer;



7 A second exanpl e enbodi nent of a nethod of
fabrication of a sem conductor device conprise;
form ng dielectric |ayer over a sem conductor

substr at e; formng a contact hole in said dielectric
| ayer; formng a first barrier |ayer over said
dielectric layer and said substrate in said contact
hole; said first barrier layer is conprised of
tungsten nitride; fornming a %irst conductive |ayer
over said first barrier layer at least filling said
contact hole; chem cal -nmechanical polishing said
first conductive layer to forma first contact plug

| Ne S 3brEhing BLARSE bdrAbelayer dver saldedividegicibgs, ared adisabstrate in
said contact plug, sal d first barrier layer, said

Seco%gﬁzpc%r&é&rhd@%fd ﬁ\%@bmbﬂlﬂe@i%mmé@fa@ usi ng

an etc An aspect of the first exanple enbodi ment

conp éﬁ’@ﬁg R eslﬁ%gpﬁ lb%m %e§togg{ Qél?ffﬁt@rﬁerqgg@ £5i8%eR0nd
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COPt ?grtmmg agf:rst 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;

» forming an interconnect opening in said second dielectric layer exposing
said contact plug;

e forming an interconnect in said interconnect opening contacting said

contact plug.




8 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
understandi ng the invention. 1t 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
.' . of :

SRR AL SRRl SRS, hRyRer, maBRSig o emconcctor
%;rtaiqg@, ects of the clainmed invention have not

JEF G $ed herein. However, no inference should be
dr awn negaagin hose discussed herein relative to
t hbs domaIng dileslds layer &V e & SHMRONCHRF SUPSFABur poses of
space and reducing repetition. Thus, this sunmary of
f eat doré@ng@cboré@rﬁg\ﬂ%@e@i@ﬁi@mwiml@veﬁe consi der ed
di spositive in determ ning equival ence.

« forming a first barrier layer over said dielectric layer and said substrate in

said contact hole; said first barrier layer is comprised of tungsten nitride;

« forming a first conductive layer over said first barrier layer at least filling said
contact hoie;

+ 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 second embodiment comprises:
» forming a second dielectric layer over said first dielectric layer and said first

contact plug;




Addi ti onal features and advantages of the invention
W Il becone apparent in the follow ng description,
fromthe drawi ngs, and fromthe clains. 9 Brief
Description of the Drawi ngs The features and

advant ages of a sem conductor device according to the
present invention and further details of a process of
fabricating such a sem conductor device in accordance
with the present invention wi#l be nore clearly
understood fromthe follow ng description taken in
conjunction with the acconpanying draw ngs in which
i ke reference nuneral s designate simlar or

cogr ?&ﬂﬂﬂé’ bﬂ%t@kﬁ%’ﬁﬁ@&ﬁ@pérﬁ% PNsui@BECAR dibRREiABger dkposing
whi ch: Fi gur es 1 through 4 are cross sectional views

for é .a method for manufacturing contact
accor |ng ‘irst exanpl e enbodi nent of the

pres i nve t on t hrough 8 ar

Sett fgmine @Pé&gmpgpep Pl e P e B R lcting said
nanufacturlng contact according to an second exanpl e
embodPREEE PYE- the present invention. Figures 9A, 9B
and 10 are cross sectional views for illustrating a
met hod for manufacturing contact according to an
process known by the inventors (not prior

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

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




art). 10 Detailed Description of the Exanple

Enbodi nents All enbodi nents descri bed are exanpl e
enbodi ments. An exanple enbodi ment nay contain

el ements of several clainmed enbodi nents. The cl ai ns
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 ment conprises
(a) a contact plug that can b2 conprised of a Ta | ower
barrier layer and an upper barrier layer(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

exanpl e, we can BrsfDasdriptisn 6f e Didwginigsansi st or can
be conprised of at |east sone of the 11 following: a

gat ed]gl’eeﬂglﬁ e(\g/\é/a ??S" de&%lg?g)b?% %Faﬁ’\g%gé(actog AbRic8idcbSIdR) to the

cap space source drain

p%&?ﬁ%\%ﬁibn ?a%d%:qhgxodgtgﬁs SIPQ prc%EQ of %%kiegﬁ’ng?guch 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).




and S/D silicide regions 28. W 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
| ayer) 43 over the sem conductor substrate 10. The
dielectric |layer can be conprised of silicon oxide,
undoped silicon dioxide or SiO2 doped with B & or P
and preferably of undoped sillPcon dioxide. Next, we
can formcontact holes 42A 42B through the dielectric
| ayer to expose the substrate or silicide 28 (if
present). Contact hole 42B will be used to forma
connection between the S/D region 20 and the gate
silicide 40 using a subsequently fornmed plug. Contact
hole 42A will be used to forma connection between
the S/ID region 20 and a higher netal |ayer using a
subsequently formed plug. A First barrier |ayer
(e.g., Ta) Then we forma first barrier |ayer 44 over

cont act nop Seig DSBS ST AHRR FALBahehfs e

| ayer can be conprised of Ta and is preferably
conprised essentially of Ta. The Ta is 12

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



preferably fornmed by a physical vapor deposition
process (PVD) and can have a thickness between 10 and
100 angstrons over the dielectric layer 43. B. second
barrier layer( e.g., TaNor W) Still referring to
figure 1, we forma second barrier |layer 48 on the
first Dbarrier |layer 44. The second barrier |ayer 48
can be conprised of TaN (tantalumnitride) or W
(tungsten nitride) and conbi Adti ons thereof and
preferably consists essentially of TaN or WN. The TaN
can be forned by a physical vapor deposition process
(PVD) or Chem cal vapor deposition process (CVD). The

v Ag: é)?atfeoai@!%dtrimoa gatwsteade B2 Pte diRRISI ddpotD, sidewal
process (PVD) or chem cal vapor deposition process

sﬁo%%?&sr? 3 %bﬁ@‘%éﬁlﬁ’cé’éfaﬁril Bktch@PE) 48 af@RoDR¥&rR drain regions 20,

ess between 10 and 500 anhgstrons over the

a?vid%lﬁcéiﬁéigek@%t?ﬁs 25:. first conductive | ayer Then we
ormatfirs

onducti ve layer (not shown) on the
20O 30 Ko an el Pt SR BB A SRS urtece
B S Ol et 411958 BE oMlor2ad of SinTos bitride.

Next, we form a dielectric layer (e.g., LD layer) 43 over the semiconductor
substrate 10. The dielectric layer can be comprised of silicon oxide, undoped
silicon dioxide or Si0, 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




preferably consists essentially of W The W/l ayer can
be formed by formng a W nucleating |ayer and then
formng a Wlayer using a CVD deposition process. The
first conductive |ayer can be fornmed over top of the
dielectric layer. D. Planarize the first conductive

| ayer Referring to figure 2, we planarize the first
conductive layer and renove the barrier |layer from
over the top of the dielectrilé |ayer preferably using
a chem cal - nmechanical polishing (CMP) process to form
first contact plugs 52 in the contact holes. E

Cl eaning step (e.g., touch up etch) Referring to
driferdisy formae Hies baysital viepuetepusitdrcprocess (BVD paricomy Bave a
any W residue on the top surface ( such as of

tHicRA GG BdtwebAY Bl art31 NShd¥tetls @fdrahe UiGediayel 23

cl ean, we can reactive ion etch the contact plug, the
first barrier layer, the second barrier layer and the
dielectric |ayer. The Wtouch up RIE can be done in
any netal etch RIE tool. The main etch chem stry

or ot ool gegoedPartief PR CBAPTANER R0 1S Mo st ry.

14 A feature of the enbodinent's C and B contai ni ng
et ch St refesning tocfigire ., wetferm 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 428.




of the first barrier layer 44 (e.g., Ta) and the
second barrier layer 48 (e.g., TaNor W) is simlar
or about equal to (e.g., within +/- 5% the etch rate
of W The etch tine can be between 1 and 2 mi nutes.
The etch can renoved a thickness of the Wcontact
pl ug 52 between about 200 to 500 A and an oxi de 43

t hi ckness between about 300 to 800 A The etch
parameters are preferably set!3to get the etch rates of
the dielectric layer (e.g., oxide) the barrier |ayers
and the plug (e.g., W with 10 %and nore preferably
within 5% Figure 3 shows top surfaces 56 of the

bar r iTé¥e flrety@mheluativg thebaksenciecdbf tungstehsW } and sundstas
the etching of the barrier |ayers 44 48 selective to

BrERr P LySsisR bssbhgal B FVeC tThieav 1@y chin bErmed by forming a W
enbodi ment's refractory nmetal nitrides barrier [ayers
i
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i nterconnect |ayers can be forned thereover. 15

D. Planarize the first conductive layer

Referring to figure 2, we planarize the first conductive fayer 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

BCl; containing etch chemistry.




Referring to figure 4, we forma second dielectric

| ayer 70 over the first dielectric |layer 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 interconnect openings contacting the
contact plugs 52. The intercaonnects 74 76 can be
conprised of a upper barrier4 ayer 74 and upper
conductive interconnects 76. The upper barrier |ayer
74 can be conprised of Ta or TaN. Preferably the upper
barrier layer 74 is conprised of a first upper

bar r ifefeatay ef trenembodietan'd ClEperB bamtaingng &tapes that dne etch rate
the first upper barrier layer. The first upper

P @tid Filk bhRike layeR B4 e of Tl tRE setoridbarmiér [dyee 48€6@NdraN or
upper barrier layer can be conprised of TaN The upper

\/gﬁlg id thlﬁ@%ﬁ_ﬁboﬁ%ﬂugﬁﬁﬁegﬁﬁ\Mtﬁh'l?ﬁ@’/opﬁ{e"@céﬁ r3@ cAnd. 598 etch

ngstrons. e upper conductive interconnects 76 can

t@feo §%@Eé'{?§ﬁ9eéﬁ 1Cdnd 2T|?ﬁ1ﬁ§ﬁ\(i e 62A 26 rfaf:l{{?ggﬁ fa thickness of the

using convénti onal processes.
nmbodi nents'_ . barrier |a 4 8, that are resi,stant
coaacve Ge e Sraestradoodiy 4 aEbRigk iR hiekies
to polysilicon., 16 1l. second exanpl e enbodi nent
hedwgen “aRqQubad? eP0? Ayer)
The etch parameters are preferably set {o 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/fand TiN.

F. second dielectric layer

Higher level dielectric layers and interconnect layers can be formed

thereover.




A second exanpl e enbodi nent uses a barrier |ayer
conprised of WN. Figures 5 thru 8 show the second
exanpl e enbodi nent. Simlar elenents can have the
same characteristics as descri bed above for the first
enbodi nent. W provide a sem conductor structure 10
such as a Si wafer. W can provide devices on or in
t he sem conductor structure. For exanple, we can form
a transistor that can be conpfised of: a gate
dielectric 30, gate electrode 32, gate silicide 40;
sidewal | spacer(s) 38, SDE 22 and source and drain
regions 20; and S/D silicide regions 28. W can form
an et;rréile@mgno FiaMer 4, 4de foraT a kBeoribyieRegicdngerstbsyerahe first
surface he etch stop layer 41 can be conprised of
&étbétﬁenayérwaiﬁthé%t contacE plugsom a di el ectric layer
43 over sem conductor substrate 10. The dielectric
| ayer 43 can be conprised of silicon oxide. Next, we
can form contact holes 42A 42B through the dielectric

22y o GRS BB BR  P LEBR ve 0

connect hon bet ween the S/ D region 20 and the gat e
expppiggdae gontachplug R ri er Iayer - V\N 17 Still
referring to figure irst _barrier |ayer
49 oWde cendorgn i @@pr,aneg,cts (M1) (74 76) m 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.




| ayer 43 and the substrate 10 in the contact hol es 42A
42B. The first barrier |layer 49 can be conprised of
WN (tungsten nitride) and preferably consists
essentially of tungsten nitride WN. The WN barrier

| ayer can be forned by a chem cal vapor deposition
process (CVD), Atom c |ayer deposition process (ALD)
or a physical vapor deposition process (PVD). The
barrier layer can have a thi dkness between about 10
and 500 angstrons over the dielectric layer. B
contact W forma first conductive |ayer (not shown)
on the first barrier layer at least filling the

IceBtand di@h@ple'gﬁﬁbédlihﬁntc{é@,um Barriey lagewpri sed of
tungsten (W and nost preferably W Referring to

F | ?Sr es%cooﬁé*eeafa%ﬂ%&hﬁ{ﬁgﬁﬁv%fﬁ%%%@a%ep fqré@?% o
The CMP .
Gingo & Siphdhe ﬁgﬁﬁ%w@rﬁglgrera@oédwenﬁ(ﬁm B3 Sethents can
d| electric layer 43. The CVP process can Ieave sone

fl%ﬁtfbﬁﬁﬁﬁm@%%tﬁwlcﬁ@ﬁqspﬁae@ aPpyR % the first gmbgrinaentp

- touch up etch Referring to figure 7, we can cl ean or

t oucWe provide s sefacasiuctor sénoiuse éﬁ;suc:b@ﬁtaaih wiafleeés and
resides left by the previous processes such as the

CMP. W cif 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




can reactive ion etch the contact plug, the first

barrier layer, the second barrier layer and the
dielectric |layer to renove contam nates such as W
particles after the WOCWP. The touch up RIE process

can be the sane as descri be above in the first

enbodi nent. Figure 7 shows top surfaces 56 of the

barrier |layers are about even with the top surfaces

of the Wplug 52 and the dielléctric |ayer 43. Al so

note the absence of a sidewall "slit" between the

plug 52 and the dielectric |ayer 43 (etching of the
barrier layer 49 selective to the Wplug and the

di el axilreferfimy®r gurbat wedorns ausst baurioblagem4d dhe the dielectric
barrier layer, the dielectric layer and the plug have
IARQ U ér’f&?th%%strﬁfecm fn&h@%oh@c@ﬁ@lﬁe@bﬂﬂ 498 MTHR firkt b4 layer
I'n the RIE touch up clean etch comprising B and O .
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dielectric layer 43 and_the first contact plu

52.
vapor deposition pfocess (PVD). The barner layer can have a th?ckness 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 resuiting 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




19 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
nmade as described above in tA@ first enbodinment. The
devi ce can be further processed using conventiona
processes. E. a problem sone exanpl e enbodi nents

coul d solve Referring nowto the drawi ng and nore
cparreactivedoh gtahaheiogatazs pRig, tHeHirahvarrié0layehdhe sesorshivanrier
a contact structure over which sonme of the exanple

1Sy etidBE HRel@tric R ePiEaRNdvd drahirdileRs@cads W particles after the
improvenent. It is to be understood in this regard
whahpno portion of Figs 9A, 9B and 10 are admitted to
be prior art as to the present invention. Figures 9A

9B ang 10,31 &, Bk rg%éé%rs c%'?ltt}e RN e 2l BbScrfbe LSRN the first
sinplitTied diagramis an eftort to provide an 1 nproved

u d%#staﬂding of possible problens that are overcone
%ﬁbq [8®8bne of the exanpl e enbodi nents of teh

i nvention. Figure 9A sho ﬁ{oss,sectiona

cont &¢3Urg|/ goxvs tgRFU 32@%9%{5%{ gharrier layers arle a\i)io%We\(?én fith 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 CIL

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.




104 106 after Wplug 52 CM P. 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., CI2 and BCl 3
chem stry). The barrier filmis 20 conprised of a
first barrier layer 104 conprised of Ti and a second
overlying barrier |ayer 106 conprised of TiNN AW
plug is forned in the opening over the barrier film
104 106. As shown figure 9B, Phe RIE etches the
barrier film 104 106 at a fairly fast rate conpared
to the dielectric layer 43 and Wplug 52 to form
sidewal I's slits 110. The etch rates of Ti and Ti N

( bar Nezt wedyen anli@térchdBipci opdigy mride BELGn@ tliehectric layer
chem stries are at least 2 tines faster (e.g., 200%

eikpasing ies coftaWWdiMg.pl ug 52). The slit is bad because
it may cause the ML overetch into contact dielectric

| ayefyd s heRYnh &R W4t 76 i‘f‘l tﬁe Weﬁcﬁnﬁ@éﬁ&démﬁ@%bntactmg the

short. Referring to figure 10, we can see that
d
RGBT B Ay S e rer e
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di stance (dielectric |ayer 43 thickness) between
bot t diegievige 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 BCl; chemistry). The barrier film is




line 76 and top poly gate 32 can be as small as 500 A
The sidewall slit and subsequent over etch can cause
t he upper interconnect 76 to gate 32 short. 21 |I11.
aspects of the exanpl e enbodi nents The exanpl e

enbodi nents of the invention formbarrier |ayers under
a W contact plug. The barrier layers are resistant to
a particular RIE etch used on a W touch up etch after
a Wplug CWP step. The conbi #8tion of the conpositions
of the barrier layers (e.g., Ta, TaN and WN) and the
Wtouch up RIE etch chem stry (e.g., Cl and B)

prevent the problemof a slit formation that can cause
cehrised of\a finstribdriien [hyergl Beombgseaiviom iamerd sedamdtdhverlying
above description nunmerous specific details are set
Hopridrhayarctocasorhprded dfAtIRSA WIPRSPKIferns&d In thepening over the
t hi cknesses, etc., in order to provide a nore thorough
HARGS Bt of the present invention. Those skilled
inthe art wll realize that power settings,
residence tines, gas flow rates are equi pnment specific
and will vary fromone brand of equi pnent to another.

It will be obvious, ho er, to one . skill [ he. .
o t SRR E SEn i e flohgh TuabS e s dof ot Bairy fast
W t hout these details. In other instances, well known
r%‘iedi%%%a"ﬁﬁ\ﬁ%th’?o@'e\%g lgwarcts B VY Rlugerdalo foim siieyealls sfits 110.
not unnecessari Ig/ obscure the present invention.
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 slit is 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 inferconnect 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.




G ven the variety of enbodinents of the present

i nvention just described, the above description and
illustrations show not be taken as limting the scope
of the present invention defined by the clainms. 22
Wil e the invention has been particularly shown and
described with reference to the preferred enbodi nents
thereof, it will be understood by those skilled in
the art that various changes 4lnh form and details may
be made wi thout departing fromthe spirit and scope
of the invention. It is intended to cover various

nodi fications and simlar arrangenents and procedures,
IHNGspbetssebre @farhple erabpdimendtsc| ai ms t herefore shoul d
be accorded the broadest interpretation so as to

9”00%%3&£§$|e%%m8 tfs oq‘%é g@anw 0?%28&!5‘5}%5 Irartg%rsl uSerer aWw

arrangerren and FOCG ures.

f r i cation nduc Vi ce;
it Plichg NererufapiS aerS Pesthgh g PAT BV BE KT etTLyed on a w
over a semn conduct or substrat$} form ng ont ac
tae up etdnaiterd W eGP sigR Tthe saiphipalipro ftﬁﬁﬁ)mpesmons of
barrier |layer over said dielectric | ayer and said
thatbstrmietiayera (e.gaild, doht ard VWD and bai tpiehsyp Bk e chemistry

| ayer is conprised of Ta;
(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.




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 - nechani 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 barfer layer, said second
barrier layer and said dielectric |layer using an etch.
2. The method of claim 1 which further includes:

form ng a second dielectric |ayer over said first

di el eghild thd iayeitionrtthsssdah gartisdlarlg ehdvae angldegeritt with
form ng an interconnect opening in said second

i BERED 10l the | R¥RFre@ IS diB enBahEr oA Nt Afitbddlintirstob@myi these
an interconnect in said interconnect opening

s%ﬂ%ﬁ!glﬁ tgil@grt %ﬁétqiariSBQEﬁﬁﬁqég iH9orm and RetARIAAALE nfleAhithout

n the cleanrng step conprises a reactive Io0n

(?etp% ingut?‘ci)rﬂqug s(p:lrit %Hg sgoé:é) 811 t%%&‘&u%h?ﬁ i§ P\?énd%ﬁrtX ‘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.




4. The method of claim 1l wherein the cleaning step
conprises a reactive ion etch using a Cl2 and BCl 3
contai ning etch chem stry. 5. The nethod of claim1
wherein said dielectric layer is conprised of silicon
oxide. 6. The nmethod of claim1 wherein the cleaning
step conprises a reactive ion etch using a d and B
containing etch chemstry; said first barrier |ayer
consi sts essentially of Ta; 23aid second barrier |ayer
consi sts essentially of TaN or W\, said first
conductive layer is conprised of W said dielectric

| ayer is conprised of silicon oxide. 7. The method of
claim1 wherein the cleaning step conprises a
reactive ion etch using a G and B containing etch
chem stry; said first barrier |ayer consists
essentially of Ta; 25 said second barrier layer is
consi sts essentially of TaN; said first conductive
is consists essentially of tungsten; said dielectric

\}Vﬁgﬁrs cilaﬁm% rirg_ri sed of silicon oxide;

1. A method of fabrication of a semiconductor device; comprising the steps of :

forming dielectric layer over a semiconductor substrate;

forming a contact hole in said dielectric layer;

forming a first barrier layer over said dielectric layer and said substrate in
said contact hole; said first barrier layer is comprised of Ta;

forming a second barrier layer over said first barrier layer; said second
barrier layer is comprised of TaN or WN;

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.

2. The method of claim 1 which further includes:

forming a second dielectric layer over said first dielectric layer and said first

contact plug;




and which further includes: formng a second
dielectric |layer over said first dielectric |ayer and
said first contact plug; form ng an interconnect
opening in said second dielectric |ayer exposing said
contact plug; formng an interconnect in said

i nt erconnect opening contacting said contact plug. 8.
The nethod of claim1 wherein the cleaning step
conprises a reactive ion etcBR4using a d and B
containing etch chemstry; said first barrier |ayer
consists essentially of Ta; said second barrier |ayer
is consists essentially of W\ said first conductive

| Se COMBHIBY BN GRERIMNNBEL dpefind INGSd 886ond @idledtridi I8V &rtdxbosing
| ayer is conprised of silicon oxide; and which further

i ncl wdeseontd @9 a second dielectric |ayer over said
first glls%? ect rpimcdq’l ayer and said first contact plug;

26, forming an interconnect in said interconnect opening contacting said

contact plug.

3. The method of claim 1 wherein the cleaning step comprises a reactive ion etch
using a Cl and B containing etch chemistry.
4. The method of claim 1 wherein the cleaning step comprises a reactive ion etch
using a Cly and BCl; containing etch chemistry.
5. The method of claim 1 wherein said dielectric layer is comprised of silicon oxide.
6. The method of claim 1 wherein
o the cleaning step comprises a reactive ion etch using a Cl and B containing
etch chemistry;
» said first barrier layer consists essentially of Ta;
¢ said second barrier layer consists essentially of TaN or WN;
¢ said first conductive layer is comprised of W,
¢ said dielectric layer is comprised of silicon oxide.
7. The method of claim 1 wherein
¢ the cleaning step comprises a reactive ion etch using a Cl and B containing
etch chemistry;

+ said first barrier layer consists essentially of Ta;




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. 9. A nethod of
fabrication of a sem conductor device; conprising the
steps of: a) formng a dielectric |ayer over a

sem conduct or substrate; said_dielectric layer is
conprised of silicon oxide; BP forming a contact hole
in said dielectric layer; c) formng a first barrier

| ayer over said dielectric |ayer and said substrate
in said contact hole; (1) said first barrier |ayer
consissicss@enearedd IMy@fis Tansivd dxaantallytdiifeahness

bet ween 10 and 100 angstrons; d) form ng a second

petween | 0 angs! . a se g
Sgg g'r%f%gr?%&gr}d?{&t@@téjcéds‘is‘ié bRy of @lxﬁggten§ ) sai

ayer consists essentially of TaN or WN

203, a0 Qo SR B P Sfpanast o
abn%r\%igr] fbx%¥ee:rrin§ade|s§a3t filling said contact hole; 27
¢ forming a second dielectric layer over said first dielectric layer and said first
contact plug;
» forming an interconnect opening in said second dielectric layer exposing
said contact plug;
e forming an interconnect in said interconnect opening contacting said

contact plug.

8. The method of claim 1 wherein

the cleaning step comprises a reactive ion etch using a Cl and B containing
etch chemistry;
+ said first barrier layer consists essentially of Ta;
+ said second barrier layer is consists essentially of WN;
+ said first conductive is consists essentially of tungsten,
e said dielectric layer is comprised of silicon oxide;
and which further includes:
« forming a second dielectric layer over said first dielectric layer and said first

contact plug;




(1) said first conductive consists essentially of
tungsten; f) chem cal -nmechani cal polishing said first
conductive layer to forma first contact plug in said
contact hole; g) in a cleaning step, etching said
contact plug, said first barrier layer, said second
barrier layer and said dielectric layer; h) formng a
second dielectric |ayer over %aid first dielectric

| ayer and said first contac? plug; i) formng an

i nt erconnect opening in said second dielectric |ayer
exposi ng said contact plug; j) formng an interconnect
in said interconnect opening contacting said contact
pl wgforfng Anweeteodnett dreming i $adth sefondl delectisrayritaxposing
devi ce; conprising the steps of: a) formng

di el saidr¢antdatyphug;over a sem conductor substrate 10; b)
formng a contact hole in said dielectric |ayer; c)

f of Med¥ehiAg hhfisterdoRhEEER Jafty Bkerdfiiect @Fé’niﬁg RbRGICtihG said

| ayer and said substrate in said contact hole; said
firs%opeﬁﬁbﬁb_layer is conprised of tungsten nitride;
28 |

9. A method of fabrication of a semiconductor device; comprising the steps of:
a) forming a dielectric layer over a semiconductor substrate; said
dielectric layer is comprised of silicon oxide;
b) forming a contact hole in said dielectric layer;
¢) forming a first barrier layer over said dielectric layer and said

substrate in said contact hole;

(1) said first barrier layer consists essentially of Ta and has a

thickness between 10 and 100 angstroms;

d) forming a second barrier layer on said first barrier layer;

(1) said second barrier fayer consists essentially of TaN or WN

and has a thickness between 10 and 100 angstroms;

e) forming a first conductive layer on said second barrier layer at [east

filling said contact hole;



I d) formng a first conductive | ayer over said first
barrier layer at least filling said contact hole; e)
chem cal - mechani cal polishing said first conductive
| ayer to forma first contact plug in said contact
hole; f) in a cleaning step, cleaning said contact
plug, said first barrier |layer, said second barrier
| ayer and said dielectric layer using an etch; 11.
The method of claim 10 whi ch4further conprises;
formng a second dielectric |layer over said first
dielectric layer and said first contact plug;
form ng an interconnect opening in said second

dielectric (fyefid #pesndiictive 2odsistndsaehtiallyus tundsteni ng
an interconnect in said interconnect opening

cont act | Fﬁcﬁﬁ?ﬁigai-rﬁggﬁéan%al@%)g%igér%r%irdrfggt %td%ﬁ\/efllfa‘yéll fl%iof'é}m a
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tungsten gr)]iirE gic?e%;ning step, etching said contact plug, said first barrier layer,
said second barrier layer and said dielectric layer;
h) forming a second dielectric layer over said first dielectric layer and
said first contact plug;
i} forming an interconnect opening in said second dielectric layer
exposing said contact plug;

j) forming an interconnect in said interconnect opening contacting said

contact plug.

10. A method of fabrication of a semiconductor device; comprising the steps of:
a) forming dielectric layer over a semiconductor substrate 10;
b) forming a contact hole in said dielectric layer;
¢) forming a first barrier layer over said dielectric layer and said
substrate in said contact hole; said first barrier layer is comprised

of tungsten nitride;




said first conductive |ayer consists essentially of
tungsten. said dielectric layer is conprised of
silicon oxide; said first conductive layer is forned
on said first barrier layer; 29 and which further
conprises; formng a second dielectric |ayer over
said first dielectric layer and said first contact
plug; formng an interconnect opening in said second
dielectric layer exposing s&8d contact plug; forning
an interconnect in said interconnect opening
contacting said contact plug. 13. The nethod of claim
10 wherein said first conductive is conprised of
tungst end) forming a first conductive layer over said first barrier layer at least
filling said contact hole;
e} chemical-mechanical polishing said first conductive layer to form a
first contact plug in said contact hole;
f}in a cleaning step, cleaning said contact plug, said first barrier layer,
said second barrier layer and said dielectric layer using an etch;
11. The method of claim 10 which further comprises;
+ forming a second dielectric layer over said first dielectric layer and said first
contact plug;
+ forming an interconnect opening in said second dielectric layer exposing
said contact plug;
+ forming an interconnect in said interconnect opening contacting said

contact plug.

12. The method of claim 10 wherein
+ the cleaning step comprises a reactive ion efch using a Cl and B containing
etch chemistry;
o said first barrier layer consists essentially of tungsten nitride;
» said first conductive layer consists essentially of tungsten.

o said dielectric layer is comprised of silicon oxide;

said first conductive layer is formed on said first barrier layer;
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and which further 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.

13. The method of claim 10 wherein said first conductive is comprised of tungsten.




