| NTERCONNECTS USI NG METAL SPACERS AND METHOD FOR FORM NG SAME QQOOSLC%;

+ BACKEGREDNE OF THE | NVENTI ON 1. TECHNI CAL FI ELD Thi s invention
-generally relates to sem conductor fabrication, and nore specifically (WOST
irelates to interconnects in sem conductor fabrication. 2. BACKGROUND ART:

- Modern VLSI sem conductor processing allows for the creation of mllions of
- devices fabricated on a single wafer. Td connect these devices, VLS
desi gns use electrically conductive lines. These interconnection lines are
typically on several different |ayers, generally referred to as netal |ayer
1, .metal layer 2, etc. The interconnection lines are generally connected to
ot her interconnection |ines above or below with various types of interlevel
- interconnection structures, commonly referred to as studs. Several
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I nt er connecsemitaidutt®G? fabmieatitobet ween a first connection [ine 804 and a

second conngct i dretnd0@rrihe i nterconnection stud 802 general ly consists
of a tungsten core 801 with a titaniumtitaniumnitride (Ti/TiN) liner
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: These interconnection lines are typically on several different
-layers, generally referred to as metal layer 1, metal layer 2, ‘
etc. The interconnection lines are generally connected to other
interconnection lines above or below with various types of
interlevel interconnection structures, commonly referred to as
studs. Several different technologies exist for making these
studs. Interconnect studs generally use a separate metal
interconnect level to connect layers where other technoloqieé may
use tapered vias (i.e., tapered openings in the insulator -
separating the metal layers to form the connection).
Interconnect studs have become popular because their structure
has allowed for greater scaling and thus greater device density.

Turning to FIG. 5, a semiconductor portion 800 is
illustrated. 1In the portion 800, a interconnection stud 802
connects between a first conmnection line 804 and a second
connection line 806. The interconnection stud 802 generally
consists of a tungsten (W) core 801 with a titanium/titanium
nitride (Ti/TiN).liner 808, although other suitable materials are
sometimes used. '

Ideally, the interconnection stud 802 would be lined up
directly with first connection line 804 and second connection
line 806. However, mask to wafer misalignments generally



line 806. However, mask to wafer m salignnments generally

2 - .Fﬂtrpduce sone anount of offset between the stud 802 and the
connection |ines 804 and 806. This is generally acceptable as long as there
remai ns sufficient connecti on between studs and connection |ines. The

first and second connection |ines 804 and 806 generally consist of a netal
wi th high conductivity, such as al um nu copper (Al Cu), copper (Cu) or

anot her conductor, such as polysilicon. A um num copper is generally chosen
because of its good conductivity. It is also advantageous because
patterning AICu is relatively easy, i.e. deposit and reactive ion etch
(RIE), or otherwi se directional etch. The connection line 804 is
generally fabricated by first depositing a blanket of Al Cu, followed by a
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(RIE), or otherwise directional etch.

The connection line 804 is generally fabricated by first
deposiﬁing a blanket of AlCu, followed by a blanket deposition of
titanium 810. Photoresist is then applied, exposed and
developed, leaving patterns of photoresist on the blanket of

. titqnium and AlCu. Redactive ion etch is then used to etch away
the Ti/AlCu everywhere the photoresist is developed away. The
reactive ion etch uses chlorine bases ions that chemically react
and physicaliy bombard the Ti/AlCu, leaving only the portions of
the Ti/AlCu that were covered by photoresist.

One side effect of the reactive ion etch is that a polymer
film 814 is formed on the sidewalls of the Ti/AlCu. This is
caused by the degrading of the photoresist that occurs during
reactive ion etching. The photoresist generally contains carbon,
which combines with the atoms in the etch process to form
carbonized polymer atoms, which deposit themselves on the
sidewalls of the Ti/AlCu. These polymer films 814 (illustrated
as dark lines) do not etch, and become a type of sidewall mask.
This polymer film has the advantage of the preventing the
chlorine gas from isotrophically etching into the sides of the
near vertical Ti/AlCu metal lines eliminating the possibility of
undercuts in the interconnections lines. '

Although AlCu has several advantages, it also has the



as dark lines) do not etch, and becone a type of sidewall mask. This

‘' pol yirer fi9¥ m has the advantage of the preventing the chlorine gas from

i sotrophically etching into the sides of the near vertical Ti/A Cu netal
lines elimnating the possibility of undercuts in the interconnections
11 nes. Al t hough Al Cu has several advantages, it also has the

3 di sadvant age of being susceptib®e to electro-mgration. Wen
~enough current is applied to AlCu electro-mgration can cause voids to be
formed in the AICu |line. If these voids are |large enough, open circuits
~can be forned. This is one reason why the titaniumlayer 810 is

- formed above the Al Cu connection line 804. The titanium | ayer serves to
“hold the line together and provides an alternative current path where
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' The connection line 804 is connected to the connection _ljne 806 \

through interconnect stud 802. Interconnect studs can be used in greater
densities than other techniques, such as the use of tapered vias that are
filled with metal as part of the next metal layer.
. Interconnect studs typically use tungsten as a fill material.
Tungsten is used because it can be deposited by using chemical vapor
deposition (CVD) into a.near vertical hole to form a stud. Other materials,
such as AlCu that are deposited by sputtering or evaporation are not used
for interconnect studs because of their propensity to create voids when
deposited in a hole. After Ti/AlCu connection line 804 is formed, an
insulator, such as silicon dioxide (SiO ) or polymide, is blanket deposited and
is then planerized by CMP, as shown by line 815. A stud opening or hole is
formed in the insulator, exposing an opening to the interconnection line
804, by the technique of applying photoresist, exposing and developing
openings in the photoresist, RIE of thé insulator, and the removing the
unwanted photoresist left in an O plasma wash.
Next, the stud 802 is formed by first sputtering a thin
titanium/titanium nitride (Ti/TiN) layer 808 into the hole. The Ti/TiN layer
.808 is formed to prevent the fluorine of the tungsten CVD process from
reacting with the titanium and forming TiF , g very high resistance
material. Next, tungsten is chemical vapor deposited into the hole, filling
the hole. A chemical mechanical polish (CMP) is used to polish back the



I's then planerized by CWP, as shown by line 815. A stud opening or hole is
+ formgd- i n*the insul ator, exposing an opening to the interconnection |ine
804, by the technique of applying photoresist, exposing and devel opi ng
openings in the photoresist, RIE of the insulator, and the renoving the
unwant ed photoresist left in an O plasma wash. Next, the stud 802 is
formed by first sputtering a thin titanidumtitaniumnitride (Ti/TiN) |ayer
808 into the hole. The Ti/TiN layer 808 is fornmed to prevent the fluorine
of the tungsten CVD process fromreacting with the titaniumand form ng

" TiF, a very high resistance material. Next, tungsten is chem cal vapor

deposited into the hole, filling the hole. A chem cal nechanical polish
(CWP) is used to polish back the
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acceptable in the prior art because the layers are relatively thin.

However, the low conductivity combined with misalignment will be a problem

as the density of semiconductor devices increases and the connection

areas become smaller. All of these factors increase the resistance of the
connection and will eventually reach a point where there is insufficient
conduction between connections.

Thus, what is needed is a method and structure to facilitate
interconnection between connection lines and interconnect studs such that
sufficiently conductive interconnects are assured as device sizes
decrease.

DISCLOSURE OF INVENTION
The preferred embodiment of the present invention provides
increased conductivity between interlevel interconnection lines. . The
préferred embodiment uses sidewall spacers on the sides of the
interconnection lines to increase the contact area between
interconnection lines and interconnect studs. This increase in area
improves connection resistance and allows further device scaling without
unacceptable decreases in the conductivity of the connection.
The foregoing and other features and advantages of the invention
“will be apparent from the following more particular description of a



conducti on between connections. Thus, what is needed is a nethod and
 structure™o facilitate interconnection between connection |ines and
~interconnect studs such that sufficiently conductive interconnects are

i assured as device sizes decrease. DI SCLOSURE
' OF | NVENTI ON The preferred enbodi nent of the present invention
provi des increased conductivity between #nterlevel interconnection |ines.
The preferred enbodi nent uses sidewall spacers on the sides of the

i nterconnection lines to increase the contact area between interconnection
lines and i nterconnect studs. This increase in area inproves connection
-resistance and allows further device scaling w thout unacceptabl e decreases
“in the conductivity of the connection. The foregoing and ot her
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acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF
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accordance mﬁg ﬁe@i {iggs %rrgo% ﬂ\?@%lemen&s, IR esent invention;

FIG. 1 is a cross-sectional side view of a connection line and an
interconnect stud in accordance with a first embodiment of the present
invéntion ; _

FIG. 2 is a cross-sectional perspective view of a connection line and
an interconnect stud in accordance with the first embodiment of the
present invention; : ’

_FIG. 3 is a cross-sectional side view of a connection line and an
interconnect stud in accordance with a second embodiment of the present
invention; ;

' FIG. 4 is a cross-sectional side view of a connection line and an
infterconnect stud in accordance with a third embodiment of the present
invention; and

FIG. 5 is a cross-sectional side view of a prior art connection line
and an interconnect stud.



FIG 2 is a cross-sectional perspective view of a connection line and an
I nterconmect stud in accordance wth the first enbodi nent of the present

i nventi on; FIG 3 is a cross-sectional side view of a connection |ine
and an interconnect stud in accordance with a second enbodi nent of the
present invention; FIG 4 is a cross-sectional side view of a
connection line and an interconnect stu@ in accordance with a third

enbodi mrent of the present invention; and FIG 5 is a cross-sectional
side view of a prior art connection |line and an interconnect stud.

6 - BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

The preferred enbodi ment of the present invention i ncreases the contact
area bet ween |nterconnection Iines and interlevel interconnect studs. The

preferred enbodi nent usesg lﬁﬁ@mﬁﬁd bﬁrpﬁiﬁ,ﬁmlﬁﬁﬁoN
ncr ease t

i nterconnection |ines to contact area between interconnection
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AQuis rel at | c\zloerlé(lc%or ¥>ortion 100 in accordance with a first embodiment of the
present invention. The semiconductor portion 100 includes a
interconnection stud 102 which connects between a first connection line
104 and a second connection line 106. '

The first and second connection lines 104 and 106 generally comprise

i a metal with good conductivity, such as aluminum copper (AlCu) or another
suitable conductor. Aluminum copper is generally chosen because of its
good éonductivity. It is also advantageous because AlCu is relatively easy
to pattern using a reactive ion etch (RIE) or otherwise directional etch.

To form the first connection line 104, a layer of AlCu or other
suitable material is deposited. Next a layer of Ti is deposited over the
AlCu. A photoresist mask is deposited and patterned, and the wafer is then
subjected to a reactive ion etch. The RIE etch removes the excess AlCu and
Ti. ‘This results in the AlCu connection line 104 and the tifanium layer 110.

One side effect of the reactive ion etch is that a polymer film is
formed on the sidewalls of the Ti/AlCu. This is caused by the degrading of
the photoresist that occurs during reactive ion etching. The polymer films
114 have very poor conductivity and can electrically isolate the first
connection line 104 fi'om the interconnect stud where they connect.

In the first embodiment, illustrated in FIG. 1, sidewall spacers 120 and
122 are added to the first connection line 104 before the insulator is
deposited. The sidewall spacers, and in particular, the sidewall spacer 122
provides an alternative conduction path between the first connection line
104 and the interconnect stud 102. In particular, the sidewall spacer 122



to pattern using a reactive ion etch (RIE) or otherw se directional etch
To form tthe first connection line 104, a |ayer of Al Cu or other suitable
material is deposited. Next a layer of Ti is deposited over the AlCu. A
photoresi st mask is deposited and patterned, and the wafer is then
subjected to a reactive ion etch. The RIE etch renpbves the excess Al Cu and
Ti. This results in the AlCu connection?line 104 and the titanium ]l ayer
110. One side effect of the reactive ion etch is that a polyner film
is formed on the sidewalls of the Ti/A Cu. This is caused by the degrading
of the photoresist that occurs during reactive ion etching. The-pol yner
films 114 have very poor conductivity and can electrically isolate the
first connection line 104 fromthe interconnect stud where they connect.
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there is a large conductive area between first connection line 104 and

sidewall spacer 122. The size of this conductive area negates the

increase in resistance caused by polymer film 114. Thus, the use of the

sidewall spacer 122 increases the conductivity of the connection between

the first connection line 104 and the interconnect stud 102.

Returning to FIG. 1, before the tungsten is deposited for sidewall
spacers 120 and 122, a deposition of titanium and titanium nitride is made
over the wafer surfacé. This Ti/TiN layer (not shown in FIG.) lowers the
contact resistance to the connection line 104 and prevents etching of the
connection line 104 by tungsten hexaflouride (WF ) during the chemical vapor
deposition of tungsten for the sidewall spacers 120 and 122. - If the
tungsten is deposited using another technique, such as physical vapor
deposition (PVD) then the Ti/TiN layer is not required although it still
offers increased conductivity.

The sidewall spacers 120 and 122 are then preferably formed by first
depositing a conforming layer of tungsten over the surface of the wafer
using CVD or PVD. The tungsten layer is then directionally etched in the
vertical direction. This process leaves tungsten on the sidewalls of the
first connection line 104 while removing the Ti/TiN and tungsten from the
horizontal surfaces, and thus forms sidewall spacers 120 and 122. This



122 al'l along the sidewall of the first connection |ine 104. In particular,
there is~a |large conductive area between first connection line 104 and
sidewal | spacer 122. The size of this conductive area negates the increase
in resistance caused by polyner film 114. Thus, the use of the sidewall
spacer 122 increases the conductivity of the connection between the first
connection |line 104 and the interconnect stud 102. Returning to FIG
1, before the tungsten is deposited for sidewall spacers 120 and 122, a
deposition of titaniumand titaniumnitride is nade over the wafer surface.
This Ti/TiN layer (not shown in FIG) |lowers the contact resistance to the
connection line 104 and prevents etching of the connection |line 104 by

- tungsten hexafl ouride (W) during the chem cal vapor deposition of tungsten

. for the sidewal l cers 120 and 12 | f .tungst i,s deposi ted usin
anothor 1 o PR OR drang R SRCERT 4L BT 1AL FERE RO S ER R A8 T 1S
- layer is nobt require edditioned mpsking steplsl. of fers i ncreased conductivity.
depositing 8 confarratB s 1 86BE A RIALAEAN fvohB e et et

: positing i S over e surface of. waf er
et ng VD grmabionitas oty Hiie, elgrtrit usioral St pBEPRER AIRCLEHR T ¢ he
~vertical dengcithemsuifhble mateciads [Thandbetdielgetrinisoplanhbed byddhweali¢al of t he

- first connggti L H&kiskO hl e removing the Ti/TiN and tungsten fromthe
. horizontal sur agesg ande? ug faorms .sidewal | spagers 120 and 122. This

8 pr oces Thediextstep i3 te fabricpte & holg jp the glelestric holednyhiche pecause
It does nothé @ffieiréenrddistud Rl bestdkined. STRisSis generallyf kene dyta pregesss t 0

deposi t di Bhtld Wl olSE) FhefYBbtdiflsibl s hhitSndPRR AbLAMpbA 16 tdfia The

dielectric material can conmpri I'con drroxide or any other_suitable
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(CWwP). forms the interconnect stud hole. The reactive ion etch is selected to etch

the dielectric much faster than it does titanium layer 110 or sidewall
spacers 120 and 122,

Aftor the hole has been fabricated in the dielectric, a

titanium/titanium nitride (Ti/TiN) liner 108 is formed in the hole. The liner

- 108 is preferably sputter deposited, with or without a collimater, but other
suitable methods can bé~used. Next, the core of the interconnection stud
102 is formed in the hole. This is preferably done by chemical vapor
depositing a metal conductor, such as tungsten (W), into the hole such that '
the entire hole is filled. Of course, other suitable materié,ls and formation
methods can be used.

The device is then planarized using a chemical mechanical polish
(CMP). The second connection line 106 is then formed in the same manner as
the first connection line 104. Thus, the first and second connection lines
104 and 106 are connected together with a the interconnect stud 102. Such
an interconnect stud is an example of an interlevel interconnect structure
used to connect connection lines on one metal layer to another.

Thus, the first embodiment in FIG. 1 provides an improved conduction
path between the interconnect stud and the connection line. The improved
path is provided by providing a conduction path through the sidewall
spacers and into the interconnect stud. This improvement is provided with
out additionally masking steps or other excessive fabrication changes.

Turning now to FIG. 3, a second embodiment of the present.invention is



The next step is to fabricate a hole in the dielectric hole in which the
.intefconn&ct stud will be fornmed. This is generally done by a process
"called via etching, where photoresist is patterned and devel oped to forma
etch mask. The dielectric is then subject to a reactive ion etch, which
forns the interconnect stud hole. The reactive ion etch is selected to etch
the dielectric much faster than it does Yitaniumlayer 110 or sidewall
spacers 120 and 122. After the hole has been fabricated in the
dielectric, a titaniumtitaniumnitride (Ti/TiN) liner 108 is formed in the
hole. The liner 108 is preferably sputter depasited, with or without a
collimater, but other suitable nmethods can be used. Next, the core of the

i nterconnection stud 102 is forned in the hole. This is preferably done by
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materials atRP Fmtww%%klﬁiﬁe‘ﬁ@‘ﬂ@ﬁﬂt i par%‘ﬂ'\% ég‘f* &&sts then
pl anari zed uemmtmncmmﬂixﬁbrmmmmstmﬂpwmdmm}@t@fmw gdrerect i on

line 106 is {:]RE@ hﬂdtahﬂ POV erfhnel ARt | rﬁ%t&%@f&‘%‘i& WOy | 1 ne
t |rst an

104. Thus, secon connectlon | I nes 104 and 106 are connected

t oget her wi £APeEitese 9%Rased Sntedaveloney, leaving Ratterns;ofiRhaterasictonsthRy i s an
exanpl e of alnnketef AdCal Rasetivoiomestchds theh msed ts etich awsp the AlCammkct | on

~lines on Onﬁgiﬁhﬁ:'&%ewtﬁ@%gg&fmsist is nﬂ{I’hus the first enbodinment in-

FIG 1 provides an |rrproved conducti on bet ween t he jnterconnect stud

and the connect i Bhtipsfiecond embedimant, "B%Ltrﬂa‘fté"ep%"ﬁ\ﬁtﬂhé Ksaopbipugng a
conduct i on pétdietthe @ngiretdupthictenithl isseaesd. algainrthe rebetive e etwbnect

SR b PRAT e} e RSy i A (O BTEBEY *Le0 O
" enbodi nent #Cehelhpsespelymen filmsiddf (Mlustrated as dar. ]mes) do not etch, and
-9 © 1| | Hedonidsed] typéof BidewalltAKEKIE Whilelthe Pgolyfiér ﬁmeﬁ Esindd 6i€ thé
B fabricated If&ewa.lls of the AlCu, it 1s not formed on the horizontal surfaces of the
AlCu. The reason for this is that the ion bombardment that occurs during
the RIE etch comes down vertically, and prevents polymer build up on the
horizontal surfaces.

A Ti/TiN layer (not shown in FIG.) is then preferably deposited to
lowers the contact resistance to the connection line 304 and prevents
etching of the connection line 304 by tungsten hexaflouride (WF ) during the
chemical vapor deposition of tungsten.

Sidewall spacers 320 and 322 are then formed by depositing a
conforming layer of tungsten or other suitable material over the surface
of the wafer. Again, this is preferably done using a CVD process. The

" Ti/TiN and tungsten layers are then directionally etched in the vertical
direction, until only the sidewall spacers 320 and 322 remain.

A directional etch in the vertical direction is then started and
continued until the tungsten/TiN/Ti/AlICu is removed from between the
lines. The sidewa]i spacers 320 and 322 mask the AlCu beneath, and thus
the directional etch process removes AlCu only from the areas not covered
by the photoresist or the sidewall spacers 320 and 322. The process of
etching the AlCu partially, forming sidewall spacers, and etching the .
remaining AlCu forms a first connection line 304 with a step" extehding
out from each of the AlICu sidewalls.



the simlar manner as the first enbodinment. In particular, the first
connectioh line is fabricated by first depositing a blanket of Al Cu or
other suitable material and a titanium|layer over the Al Cu. Photoresist is
t hen deposited, exposed and devel oped, | eaving patterns of photoresist on
t he bl anket of Al Cu. Reactive ion etch is then used to etch away the Al Cu
and titani um everywhere the photoresist10s not. In this second
enbodi ment, the reactive ion etch is discontinued before the entire depth
of A'Cu is renoved. Again the reactive ion etch has a side effect of
formng a polyner film 314 on the sidewalls of the Al Cu. These pol yner
films 314 (illustrated as dark lines) do not etch, and becones a type of
sidewal | mask. While the pol yner fiInB are formed on the sidewalls of the

Al Cu, it t d,.on the h f it
For thi s 15 { narSeRET SRl RERPRE A g A Rorlper Al pRe i L Pod,“Cors

- down verti dQuy, thertdppruriiege of thel finsy cdpmertion pinersteh addsraddiviendl surf aces.
A THTIN | ayigh- &amuc&bevu}emﬁlb@ea:eéxﬁtﬁéﬁﬁae%ﬁf 8dl Y2018RQ%he ¢fhst O | Oviers

- the contact reS| t onnect| l.iine 304 an revents et.chi ng of
“the connect‘i°8ﬁe?tr$‘ B?ﬁz?togy fﬁ‘%‘?"?lgﬁpfw $2248r5°Rger e ©heni cal

vapor depogheiftnrst gonnecijort tne 304 mnﬁﬂ@mﬂbwaﬂﬁaiwsoﬁﬁ&MHﬁazOdr e then

formed by ‘K‘soﬁxs’tﬂé ms@eﬁea&ﬁemnmé ¥&fmn Qfﬁﬁwmsamsom tah¥gnsuit abl e
mat eri al over the surf algutﬁ t he wa ?’&Y a| , this is referabl done

usi ng a CvBeplsbncespathy, Fiif offsgt 9 ﬁ’f@r‘%‘ t&Fé"’Pﬂ&ﬁ ye ional |y
etched in tHeewumkidm#aﬂdspaeerma,andrmelfimtlcpnhm:m Heeds08. spacers 320 and

322 remain. Tu:.*%ixgé hongal eqlyio

started and cont| nue Eﬁﬁ?%e a;dﬁase%r@ﬁ}iqﬁl\#?&?jif%aﬁgremvggb rom

bet ween théslailﬁ%‘y.ﬂc?ﬁ@nﬁ&ﬁWF°%‘bﬁ’é‘BP§m§2@) ahg the Shirdsqmbocimanty thesneat h,
and thus thendesttami linads prefdraplyofaandrigndepssitihEla finstylafyen 318 adar eas not

db 24pa’
Coveren, by <hhE BkALgPh kol IRr o Bl Ind BRGEEASAANT 2 e T OCCSS
renai ni ng /saoeueqﬂé%ﬂna fiyst éwe:roﬂ%eqmmﬁsqsl Hianden amtweac%knestmemndu ng out

from each Gecélt®lsyerlb23i somprisces. AlICu. The connection line is then patterned and
10

etched as in the second embodiment, with the etching suspended at or near
the top of the connection line first layer 513. Sidewall spacers 520 and
522 are then formed on the sidewalls of the connection line second layer
521 by conformal deposition and directional etch of a suitable material
such as tungsten. A directional etch is then used again, with the result
being a connection line that has a stép in its sidewalls at the transition
. between the connection line first layer 519 and the connection line second
layer 521. '

Because there are no polymer films on the horizontal surfaces, the
top surface of the connection line first layer at the step ddds dn
additional high-conductive area 510 between the sidewall spacer 522 and
the first connection line. Furthermore, the sidewall spacer 522 is
connected to the first connection line 304 along the sidewall 511 of the
connection line second layer 521. As in the first embodiment, the polymer
film 314 makes this a high resistance path but this is offset by the large
size of the conductive area between sidewall spacer 522 and the first

. connection line. -

In a variation on the third embodiment, the connection line first layer

519 is instead formed as the top portion of an interconnect stud that is



Because there are no polynmer filns on the horizontal surfaces of the A Cu,
the top sarface of the first connection line step adds additi onal
- hi gh-conductive area 310 between the sidewall spacer 322 and the first
‘connection line 304. Furthernore, the sidewall spacer 322 is connected to
the first connection |ine 304 along the sidewall 311 of connection |ine
304. As in the first enbodi nent, the polyyner film 314 makes this a high
resi stance path but this is offset by the |arge size of the conductive area
bet ween sidewal | spacer 322 and the first connection |ine 304.
Turning to FIG 4, a third enbodinent is illustrated. This enbodinent is a
nodi fication of the second enbodinent. In the third enbodi nent, the
connection line is preferably forned by depositing a first |layer 519 and
then deposifJJiiRecifeantnd ALEL cifretb] iRt SLELIERORROdLIRML, tle
connection [1ne firrst [ayer 8 conprises titaniumand the connection |ine
second | aydbissyaristigny the dopphthe Tiep confvas @t dhe (trapsitien tedwesuther ned and
et ched as iiftdrieenfestosttidearab the®siinectibh Rinkhwecohd hayeg ispended at or near
the top of the eGtd ' [+LS [ i || I 0 and

P %&@g ognﬁ,t%%xﬁﬂoﬁgxééﬂtf otsf t%x?ﬁi' séét%nv&fll‘é‘ég}rrwﬁﬁ% By

522 are then forne he si dewal | e connec I'ne sécond | ayer
521 by confesmgurtiyiyoeetvesn canpectionclinesoprd vertiepl dntercenmectistudamt eri al

E uch as tu mﬁi_&pr&iré_iﬁé’rﬁ?is i[?ﬁﬁideat w‘mtﬂn& Fdifuir tiﬂgﬂé_ilccaﬁiva ,prut:éd%hiﬁ@ tﬁtdrﬁs _uIt t

ei ng a connecti.an lJine-that has.a step in i si. dewal . s e, transition
bet ween t hé rcao‘indﬁgg??lo'ﬁasfl? LA AR ?t‘hﬁ %“fég V%&L § °3§‘d°tti%gy é‘ﬁdr% ﬁ’é@ i %’ﬁ' Tef’]r;ﬁ‘é"és econd
| ayer 521. size to cgnidnus to shrink while mainteining suffidient eantaele hori zont al

s 33 faces, d; he t Wﬁmﬁ%ﬁ{msmﬁ%&m{?&iﬁh&ﬁ t&%d' @e@ﬁbala'lmﬁ st ep522
adds an addi ti onal ,hi ghzconductive are et yeen ewal | spacer

Bnd the 11 PEPSTBRn A8 B TEP Sxetnl e R s Anes AhSr bt ML BRcer 530 | <
connect ed tundergtoodrixy thesersidlied in theeri3thht stapiationsdndiotmeald détafl of the
connect i on phdyBe SR WhebaMSitRek: de‘b"‘aﬁiﬁg&?&nﬁh&%&ajﬁﬂ_ﬁﬁﬂ' S8Bpb of the pol ymer
film314 mgkes this a high resistance path but this is offset by the | arge
size of thd®¥®¥HdRtive area between sidewal | spacer 522 and the fir st
connection |ine. In a variation on the third enbodi nent, the
connection line first layer 519 is instead formed as the top portion of an
i nterconnect stud that is



used to connect the first connection line to a connecti “ L“Iual ] In
this'variation, the top of the step occurs at the transﬂ“' H‘m m"”m
i nt erconnect stud and the connection |line second | ayer 521.¢ Lt * E&ch*of

t he enbodi nents of the present invention provide inproved conductivity

bet ween connection lines and vertical interconnect studs. This inprovenent

is provided without requiring excessive processing steps or additional mask

| ayers. The inproved conductivity will allow the feature size to continue
to shrink while maintaining sufficient contact. VWil e the invention
has been particularly shown and described with reference to preferred
exenpl ary enbodi nents thereof, it will be understood by those skilled in

the art that variations in formand detail nay be nade therein wthout

departing fromthe spirit and scope of t Havention.
12 ' %Bﬁ/ﬁ A method for formng an

interlevel tnter doMALRAG far foxmipg apiiptariayel drtegesnnestiondpd samigpgductor
conpri sing the saewsepkaidapethotinionprisihg thé skawebf:el ectrical ly conductive

L bst \ i ce: X
conduct Sesgpgc;ﬁegzﬁiﬁfd}:i?i%&gggrgmgg%aa%ctm 15 8l Q% AlthR8%e One

b) forming at least one conductive spacer on a side of the first level
electi-ical_ly conductive line;
c) forming an interconnect structure contacting at least a portion of
the electrically conductive line and at least a portion of the at least
one conductive spacer; and

. d) forming a second level conductive line in contact with at least a
portion of the interconnect structure.



el ectrically conductive line; c) formng an interc
contacting at |least a portion of the electrically 31““ Hlﬂ ““ | mn“l]d at

| east a portion of the at |east one conductive spacer; tand formng a
second | evel conductive line in contact with at |east a portlon of the
"interconnect structure. 13

2. The nmethod of claim 1l wherein the gtzep of formng the first |evel
conductive line conprises depositing a first netal |ayer conprising
al um num copper and a top layer conprising titaniumon said al um num

copper. 3. The nethod of claim2 wherein the step of formng the first

| evel conductive line further conprises depositing photoresist,

patterning sai d photoresist and etching sai d al um num copper and

fsal d titani ym Tﬁe me iztn%dl wile:&!uqltﬁle st gE ?ox%u}xg%%xgtfﬁgt%vélor mng the
irst |evel con I'ne"conprises Form n Si dewal | of

the first ¢%\¢él°t’(YGr1mR:?¢W1$¢snéeP081@18 a fppd Wﬂiﬁh@ﬂ%@@?ﬁismﬁl wher ei n

the step of forrdiagiddig cbppst ah@welop layer céfipidbinlg tinliin @nCRAP AhGRHum

depositing a coquc%;ve mat eri al , depositing photoresist on said

conductive mater{ &P patterning said phot oresi st, and etching said

- conductive material, said etching st oppi ng before conductive materi al

i's etched conpl erré ynetthwugmam 2 whebd18 tBE %t b PdiehiB ditHe $h@P 1évrlt he
sidewal | of the fl%ﬁ Ie%
uctive Iine further comprises depositing photoresist, patterning

said photoresist, and etching said aluminum copper and said titanium.

4, The method of claim 1 wherein the step of forming the first level
conductive line comprises forming a step in a sidewall of the first
level conductive line.

5. The method of claim 4 wherein the step of forming the first level
conductive line comprises depositing a conductive material,
depositing photoresist on said coqductive material, patterning said
photoresist, and etching said conductive material, said etching
stopping before.conductive material is etched completely through,
thereby forming said step in the sidewall of the first level
conduective line.

6. ‘The method of claim 1 wherein the step of forming a sidewall spacer
comprises conformally depositihg a conductive material and
directional etching said conductive material.

7. The method of claim 6 wherein said sidewall spacer comprises
" tungsten.
8. The method of claim 1 wherein the step of forming the first level

conductive liné comprises depositing a conductive material,
depositing photoresist on said conductive material, patterning said
photoresist, and etching said conductive material, said etching

stopping before conductive material is etched completely through,



conductive |ine. 6. The method of claim1 wherein ming a
si dewal | %pacer conprises conformally depositi ngmmmumm"ummll
“material and directional etching said conductive fatéri'al . ® $7.* The
met hod of claim6 wherein said sidewall spacer conprises t ungst en.
8. The met hod of claim 1l wherein the step of formng the first |evel

conductive |line conprises depositing a ¢onductive material,
depositing photoresist on said conductive material, patterning said
phot oresi st, and etching said conductive material, said etching
st oppi ng before conductive material is etched conpletely through,
thereby formng said step in the sidewall of the first |evel

conductive line and wherein the step of formng a sidewall spacer :
~conprises conforpal |y depqgsiti _nég a sg}gc‘i}er conductive material and

directional et chPpREeafrmipgseld stanytrcthe ddawpld of the firsglevel To pi hod of
cl ai m 1 wher ei n cohdustiep linke dmY wharpit the fsités bf Farnehg a sidewslirsghacér ve | i ne

compr i ses denosid g dds| @k RmAlny! & et 300 HUBhLYP conductiVPaEdeh R0 a | ayer

of second conductive material a & uctrve nmaterial,
deposi ti ng phot sHergtionalgtching saict gprrer senduetiye material. npt erj al | patterning
sai d photoresist, and etching said second

9. The method of claim 1 wherein the step of forming the first level
conductive line comprises depositing a layer of first conductive
material and a layer of second conductive material atop said first
conductive material, depositing photoresist on said second conductive -
material, patterning said photoresist, and etching said second
conductive material, said etching stoppi:ig before said first
cohductive material is etched completely through, thereby forming a
step in the sidewall of the firstlevel conductive line and wherein
the step of forming a sidewall spacer comprises conformally
depositing a spacer conductive material and directional etching said
spacer conductive material. ,

10. The method of claim 9 wherein the first conductive material comprises
titanium, the second conductive material comprises aluminum copper
and the spacer conductive material coxﬂprises tungsten.

11. The method of claim 1 wherein the interconnect structure comprises a
tungsten stud.



conductive material, said etching stopping before salﬁlmmlﬂulwm II“II'
condlctive material is etched conpletely through, th ‘ u f

step in the sidewall of the first |level conductive |ifde &nd-whtrein*

the step of form ng a sidewall spacer conprises conformally

depositing a spacer conductive material and directional etching said
spacer conductive material. 10. Theqgret hod of claim9 wherein the first
conductive material conprises titanium the second conductive

mat eri al conprises al um num copper and the spacer conductive materi al
conprises tungsten. 11. The nethod of claim1 wherein the interconnect
structure conprises a tungsten st ud.

15 12. The nethod of claim1 wherein the step of formng a first

level 12€! eciid GRbLNG 60 BEUE i Wiferbid hes P desREmingy Aitngt 3evdl first |evel
electrically conductive lin | ower, i n{ergonnect .stu ‘

i fri I 3 ay OJ; 'aec T gifu'st a'v] fmd
wherein a step BRATHGALY copduchiyetine campipes tPAPnE SR HIFst® Pevel
~electrically coeihetiicalty lconduétitechibaetopi idwerainderconeect M,Mect
- stud, and wher e%etg@ﬁl 256, tﬁﬁvﬁgrm@s@m&?ﬁ?hrﬁl@@ SO irk¥ Gvapacer

conprises formn space

at contacts_said ste 0 uy face.
electrically conductive line interface with sai[()i ltowgr %n{erconnect
stud, and wherein the step of forming at least one conductive spacer

comprises forming a spacer that contacts said step top surface.



16 | 13. A sem conduct or device interconnect s OV|ng
t he “conductivity of an interlevel interconnect l"m mm ﬂm”

‘| evel “electrically conductive line and a second*| evelt eWecErlta y
.conductive line on the sem conductor device, the interconnect

structure conprising: a) at |east one conductive sidewall spacer on a
side of the first |evel el ectricalley conductive line; and b) an
i nterlevel interconnect contacting at |east a portion of the first

el ectrically conductive line and at | east a portion of the at | east
one conductive sidewal |l spacer and connecting said first electrically
conductive line to said second electrically conductive l'ine. 14.

The sem conductor device interconnect structure of claim 13 wherein

the first |gvel Xonm%’%tn'd‘égtér'é‘%gfﬁﬁe'&%%@ Lirst it TEL A i imp FE¥in ing th
conpri si ng alun1nun1cop er and Ayer conprising titant um on said
al um num copper cond%tlwty?ﬁ@nslemi@vﬂuet@cowt@@ beimeep enfivetlegek uct ure of

claim13 the  electhicaBy cbﬁ&@éh@ﬁﬂ&&hﬂvﬁsédoﬁ@ 1@0@1%1@&@&@& epin a
sidewal | of the first tive.line. The

| |
o o nduct or "sonaRttve Lpe shr B s ERACHArII” gpvREs the Tierpomstt the

first |level conG@UﬂﬂM%epﬁmEﬁebumrises a deposited and et ched
conductive mat eql alt ledt bnéh@nAuRtive Si8dwll Sade? diEs siie off ADtiRG: Tohel

estarting t LQesfe%?a%% v oot foet B8 <l devl | spacer i formed. 17,
The semi conduct &) ateintexjevel intexronnett gintacting at ddast lagpontibd efitheci n
the conductive $i4eWRlchriSRRF BEn&EETINd RS afd UtT1B&dt LPaitich 6F BLSE:

least one conductive sidewall spacer and connecting said first

electrically conductive line to said second electrically conductive

line.

14. The semiconductor device interconnect structure of claim 13 wherein
the first level conductive line comprises a first metal layer
comprising aluminum copper and a top layer comprising titanium on said
aluminum copper. )

15. The semiconductor device interconnect structure of claim 13 the
first level conductive line comprises a step in a sidewall of the first
level conductive line.

16. The semiconductor device interconnect structure of claim 15 wherein
the first level conductive line comprises a deposited and etched
conductive material, and wherein the step is formed by stopping the
etch before the conductive material is etched completely through and
restarting the etch after the conductive sidewall spacer is formed.

17. The semiconductor device interconnect structure of claim 13 wherein
the conductive sidewall spacer comprises a directionally etched
conformally deposited conductive material.

18. The semiconductor device interconnect structure of claim 17 wherein



conformal |y deposited conductive nmaterial. 18. The mnmlnimﬂ "I]I Iﬂml ce
i nt erconnect structure of claim 17 wherein ﬂ
17 said sidewal | spacer conprises tungsten. * 19. t *

sem conduct or device ‘i nterconnect structure of claim 13 wherein t he
first level conductive line conprises a |layer of first conductive

. material and a layer of second conductive material atop said first
-conductive material. 20. The sem conductor device interconnect structure

. of cllaim 19 wherein - said layer of first conductive material extends

' beyond a side of said _ second conductive material, formng a step in a

- side of the first conducti ve |ine. 21. The sem conductor device

i i nterconnect struct ure of cl aim 20 wherein the first conductive

~material conprisgs d:? acaﬂt]?orﬁgﬁgggtun sten CONductive material conprises
al um num copper and spa%er conprises tungsten. 22.

" The sem conduct or device | nt erconnect structure of claim?20 the first

- level el ectygi, Cali‘ue ee:adiéﬁahmrl de%cd fataiédofnact stactiretErdamntTvherein St ud,
- and wherein the f tllee\\r“il oeldec l lc%m%%{%gg%hlaégr of' ?ig t conduét{u erface
ﬁt N3 ar ?or top

with said | oner PCONREC surface

and wherein sai gnageripband adaﬁercehmdmn@ueﬁmmtgmbﬁfpp daid first

conductive material.

20. The sem.iconductor device interconnect structure of claim 19 wherein
said layer of first conductive material extends beyond a side of said
second conductive material, forming a step in a side of the first
conductive line.

21. The semiconductor device interconnect structure of claim 20 wherein
the first conductive material comprises titanium, the second
conductive material comprises aluminum copper and the sidewall

spacer comprises tungsten. !

22. The semiconductor device interconnect structure of claim 20 the
first level electrically conductive line is atop a lower interconnect
stud, and wherein the first level electrically conductive line
interface with said lower interconnect stud forms a step having a top
surface and wherein said at least one conductive sidewall spacer

contacts said step top surface.



(ignt_act > ;g' | ,SAt ﬁgthgg fsgtf?g(ram ng an int erlevel int erclnl“l““"l"(l““ I“IIJ““'

sem conduct or devi ce, said method conprising the stefds

formng a first level electrically conductive Iine on a substrate of

" the sem conductor device by depositing at | east one conductive

mat eri al , depositing photoresist on sait conductive materi al,

. patterning said photoresist, and etching said conductive naterial,

" said etching stopping before said conductive material is etched
conpletely through, thereby formng said step din the sidewall of the
first level conductive |ine; b) form ng at |east one conductive

* spacer on a side of the first |evel el ectrically conductive line by

conf or mal l dep%il Udtogln%ucfacerg an interfetQ/régynqtlte oqm%hgﬁllﬁfa MC%&?&Lf onal

- etching sai
interlevel int eﬂeumeaaléme@mdjp@nnmmtherg}eas ofeast a port i on of

the el ectricallyy Q’Qﬂgﬂfgté.‘fﬁs{ lé%l%ﬁitﬁﬁﬂlﬁé&ﬁd@ct%hh@an(ﬁ substratel éfe at
eSO OnU e BBASE e b vy bR SRR BRI ConuCt v
i nt erconnect st maténiaky.depositing photoresist on said conductive matenal
patterning said photoresist, and etching said conductive material,
said ;atching stopping before said conductive material is etched
completely through, thereby forming said step in the sidewall of the
first level conductive line;
b) forming at least one conductive spacer on a side of the first level
- electrically conductive line by conforma]ljr depositing a spacer
conductive material and directional etching said spacer conductive
material; .
c¢) forming an interlevel interconnect structure contacting at least a
portion of the electrically conductive line and at least a portion of
the at least one conductive spacer; and
d) forming a second level conductive line in contact with at least a
portion of the interlevel interconnect structure.



