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M!H%&!!CF FORM NG AN | NTERCONNECT ON A SEM CONDUCTOR SUBSTRATE FIELD OF
THE | NVENTION &} The present invention relates to the fiel

sem conduct or deV|ces and in particular, to the fornationhﬁi
|ﬂterconnect|ons for those devi ces. BACKGROUND OF THE | NVE dev

are scaled to sub m cron di mensions, forkation of 10 reliable, sub-nicron

i nt er connect i of)s (|nterconnects) becones i ncreasingly |nportant Al so

i mportant for sUb- i cro gchnol ogi es
during interconnect and gges. of device

formation. Many current prOCESS&EWS%D@Q_‘IDRE&W&’ERAU‘E%Ms are unable to
forminterconnects with a sub-mcron 15 width in production. These

processes fail for one or nore reasons as descri bed below. A comon net hod

of form ng an imﬁ@@ﬁﬁﬂﬂ‘fﬂwﬂﬁléﬁe steps of : 1) formng a patterned
dielectric layer having contact openings to at |east one underlying |ayer;
2) depositing & netal Theyeseotiavention mlateseo thaifield of demicodudtor dexiess; 3)
formng a patterngd; Phol BLGS! 36 e b Gha®dPor tibScdiit&lions for those devices.

BACKGROUND OF THE INVENTION

As devices are scaled to sub-micron dimensions, formation of
10 reliable, sub-micron interconnections (interconnects) becomes increasingly
important. Also important for sub-micron devices is the use of
planarization technologies during interconnect and wiring formation, as
well as other stages of device formation. Many current processes used to
form interconnects are unable to form interconnects with a sub-micron
15 widthin pioducfibn.- These processes fail for one or more reasons as
described below.
A common method of forming an interconnect includes the steps of: -
1) forming a patterned dielectric layer having contact openings to at least
one underlying layer; 2) depositing a metal layer over the patterned
.20 dielectric layer; 3) forming a patterhed photoresist layer over the metal
layer; 4) etching the metal layer to form the'interconneét; and 5) removing
the patterned phbtoresist layer. This method has several problems. First,
the metal layer typically'haé poor step coverage that causes the metal to be
thinner along the walls of the contact openings. The thin metal incfeases
25 resistance and may break when the device is stressed, causing an open
circuit. Second, there may be problems with etching. Wet chemical
etchants etch isotropically and generally give insufficient dimensional
control for sub-micron devices. Dry etching is typically used, but some
metal layers, such as copper and gold, are difficult to plasma etch. Third,
30 " aluminum can be plasma etched, but it also has problems. The substrate is
typically alloyed or subjécted to at least one heat cycle after the aluminum-
- has been deposited and patterned. The heat cycle may cause the aluminurﬁ“ v

to spike into the silicon substrate lying at the bottom of a contact opening.



|aayer; «4) etching the netal layer to formthe interconnect; and 5) renoving
the patterned photoresist |ayer. This nethod has several problens. First,
the netal |ayer typically has poor step coverage that causes the netal to
bbe thinner along the walls of the contact. openings. The thin netal

i ncreases 25

resi stance and may break-wlenA the device is stressed,

causi ng

an open circuit. Second, there nay be problens with etching. Wt chem cal
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layer that covers the interconnects typically has step coverage problems
between narrowly spaced interconnects or requires a planarization process
sequence. '

Selective Electroless Metal Deposition (SEMD) is a method capable

10 of forming an interconnect with a sub-micron width. A dielectric layer is

deposited and patterned to form a patterned dielectric layer having an

interconnect channel. As used in this specification, an interconnect channel

is a pattern within a dielectric layer, wherein part of the dielectric layer is

etched away. The interconnect is subsequently formed within the

interconnect channel. Before depositing the metal using SEMD, the surface

upon which the metal is to be deposited typically needs a treatment within

the interconnect channel, so that metal deposits within the interconnect

channel but not on the patterned dielectric layer. A common technique for

treating the surface includes very heavily doping the interconnect channel

with silicon ions at a dose of at least 1 x 1016 ions/cm2. Another treatment

method includes contacting the surface with an activating solution. Surface

treatments typically involve at least one additional processing step and may
cause processing complications. Surface treatments may not be completely
effective, such that metal does not properly deposit within the interconnect

25 channel. In addition, particles and other foreign materials may lie on the

dielectric layer and act as nucleating sites during the metal deposition.

Therefore, metal particles are typically formed on the patterned dielectric

layer. The metal particles may cause electrical shorts or other defects

within the device. The inconsistent effectiveness and complications of the

30 surface treatments steps and the formation of metal particles have

prevented the SEMD method from being used in a production mode.
‘Dual damascene is another method of forming interconnects within

interconnect channels. A single dielectric layer is deposited and patterned



et al i zati on heat cycles. The hillocks may protrude fromthe interconnect
to make el ectrical connection between adjacent interconnects, thereby
shorting the interconnects together. Fourth, even if the interconnects nay
5% be formed w thout any of the previous problens, a subsequent dielectric
| ayer that covers the interconnects typi8atly has step coverage probl ens
bet ween narrowl y spaced i nterconnects or requires a planarization process
sequence. Sel ective El ectroless Metal Deposition (SEMD) is a nethod capabl e

10 of formng aﬂsnh?h%@%&@ﬁ&éh Pholcbssa THelirst ¢ c}ﬂélcﬂﬂsdﬁdibt of\tibl dikle6iici ¢ | ayer
is deposited and pafterned to forma patterned dielectric |ayer having an

i nt erconnect chalwyet within apatagt pwn@rrasgnd descsecprdstep Atchemthe intercoppasé ct
channel is a pat LiSdnRe Cahﬁéﬂ: %sfj(’)ﬁ&ixﬁ(c\ﬁerléc?né &f withfRGhE thntR@ dpeftn %/he

dielectric layer is € Interc nnect I'S subseq ent By f or med
within the 15 |'m‘hedqﬂhm§me mteammiect mhmleaubecpffmuintngonﬂnd beeawse afsi ng

SEMD, the surfac on whi c metal.is.to deposi teg ally needs a
treatnment wit ﬁl nt! P‘?ﬁ“é%%‘g@? "8%@ itieg, 1P ATCTERPATC 8@%‘3‘5&@3 t hi n
the interconnect b&twub@b iR e dtater Of thdWaRkahh®tdvshallowImeed the @db@¥Lthe A
common technigue or tfr'?atelsulgnt hnel ?’uria}?% Inrmlf ;Jnczer?: r\xln%rc%lregg?a\;llce %/crc(i)opl ng the
i nt erconnect chafaieg waler, 1 g In large variations oI 1mnterco S5
the wafer. Metal deposition is complicated because the contact openings
may have an aspect ratio of 2:1, 3:1, or more. The high aspect ratio makes
10  sputter depositions virtually impossiblé. A metal layer may be deposited
by chemical vapor deposition within the contact openings and interconnect
channels. However, wi_dely used interconnect materials such as aluminum,
copper, gold, and silver are not fypical]y deposited by chemical vapor
deposition in production. Polysilicon and tungsten may be deposited by
15 chemical vapor deposition, but these materials have higher resistivities
compared to aluminum, copper, gold, and silver and are not generally used
as interconnect materials. The SEMD method may be used but has the
previously discussed problems. In addition, the SEMD method may form a
metal void if metal déposited within the interconnect channels seal off their
20 underlying contact openings before the contact openings are filled.
Copper is typically not used as an interconnect matérial. Although
copper has a relatively low cost and low resistivity, it has a relatively large
diffusion coefficient into silicon dioxide and silicon. Copper from an
interconnect may diffuse into the silicon dioxide layer causing the dielectric
25 to be conductive and decreasing the dielectric strength of the silicon
- dioxide layer. Copper interconnects should be encapsulated by at least one
diffusion barrier to prevent diffusion into the silicon dioxide layer. Silicon
nitride is é diffusion barrier to copper, but the prior art teaches that the
interconnects should not lie on a silicon nitride layer because it- has a high .
30 dielectric constant compared to silicon dioxide. The high dielectric
constant causes an undesired increase in capacitance between the

interconnect and other interconnects and the substrate.



20 with sittcon—+tons—at—a—-dese of at least 1 x [err] [err] Another
treatment nethad,| es, contacting the surface % Ct-rrath

sol uti on. Sur‘#]l Skl e E’cetdy,pi cally involve atll Sﬁéﬁla ASBEENoh al
processi ng stﬁH‘ lﬂﬂ *9 processing conpl i calions REBEACERe trept nent s
may not be co ve, suchtiat metal does not properTy deposit
Wi thin the interconnect 25 channel. In addition, particles and other

foreign materials may lie on the dielectric layer and act as nuckeating
sites during the nmetal deposition. Therefore, metal particles are typically

formed on the paSUMMARYIANE ABIECTISAOE THENNVBNTHDNparti cl es may cause

el ectrical shorts or other, defects.within the devige. The inconsistent:

ef fecti veness and cor;[gﬁeie Hﬂ?‘%f’fﬁ?é’%ﬂ? ’é‘ﬁ??té’@ef%m@gtlﬁgﬁ?@"g?teps and the
formation of met ghanpel dddcdntifiteiconeti iR aeemidbadEPdentd) ot genemihei ng used
in a production node, Dual danmpscene is another nethod of forning

i nterconnect s wi fifit diglepte byanisciepesitadrives 2 spbsiatryand patierred toifermayer is
deposited andspapd il via op'eﬁing that is filled to form a.contact or via plug. A second

dielectric layer is deposited over the patterned first dielectric layer and the

contact or via plug and is selectively etched to form an interconnect
channél in the second dielectric layer. The first or second dielectric layers
may comprise more than one individual dielectric layer. Preferably, the
10  first dielectric layer acts as an etch stop when the second dielectric layer is
selectively etched to form the interconnect channel. An interconnect layer
is deposited over the second dielectric layer and within the interconnect
| channel. The substrate is polished with a polishing solution to remove that
portion of the interconnect layer that lies on the second dielectric layer to
15 form an interconnect within the interconnect channel. ‘The interconnect
layer may include a barrier layer and a metal layer. Additional
interconnect levels may be formed in a similar manner. If needed, a
diffusion barrier layer may be deposited before forming another
interconnect level. A passivation layer is deposited over the uppermost
20 interconnect level. .
The embodiments have numerous benefits over prior art methods.
The depth of the interconnect channels is easier to control because the first
dielectric layer acts as an etch stop when selectively etching the second
dielectric layer. A longer overetch during interconnect channel formation
25 may be used without significantly etching the first dielectric layer. A
copper interconnect may be formed, which may be thinner than an
. aluminum interconnect while giving the same or lower resistance. The
polishing step forms a substantially planar substrate surface. Therefore,
additional steps required for planarization schemes are not needed. One
30 embodiment includes an encapsulated metal layer to provide more

flexibility when selecting dielectric, metal, and plug materials.



using a two-step etch processs—7Fhe first step etches nost of the dielectric
Tayer wthin cInisass HRRRE nd the second step etches the interconnect

lelectric layer within the contact openings.
channels are difficult to control because of

channel s and th
Jhe depth of th ’ﬂﬂm&w!m
5 filmdepositio nuniforr_ﬁ't?e§. Theinterf?ﬂ'ggﬁ-eha:mel_&_u’ay
" be too deep in the center of the wafer and too shall oy EH'—JHAG@EEM t he

same wafer, resulting in large variations of interconpect __ﬁEELAEED]ce aqr oss
the wafer. Metal deposition is conplicated because the contact opermn may
have an aspect ratio of 2:1, 3:1, or nore. The high aspect ratio nmakes 10
sputter depositions virtually inpossible. A netal |ayer nmay be deposited by
cheni cal vapor deposoiferBbbishidndre afi@dfiiagP 8P HFe QA BhAsT RN CCt
channel s. However, w dely used I nterconnect material's Such as al um num
copper, gold, arg apphrest framethn@ccappanying §ravéngssintd dobnb yhecdesaiiedal vapor
deposition in pr j Pal,ysi | i con and tungsten may be deposited by 15
chem cal vapor éj(e%g&gptdtoﬁgpl?t fgil}%gwf'hese materi al s have higher resistivities
conpared to alum num copper, gold, and silver and are not generally used
as interconnect materials. The SEMD net hod may be used but has the
previously discussed problens. In addition, the SEMD nethod may form a




nétal void if netal deposited within the interconnect channels seal off
their 20 wunderlying contact openings before the contact openings are
filled. Copper is typically not used as an interconnect material. Although
cOpper has a relatively low cost and low resistivity, it has a relatively
| arge diffusion coefficient into si | i con &ioxi de and silicon. Copper from
an.interconnect may diffuse into the silicon dioxide |ayer causing the
dielectric 25 to be conductive and decreasing the dielectric strength of
the silicon dioxide |layer. Copper interconnects should be encapsul ated by
at | east one diffusion barrler to orevent dlffu5|on into the silicon -

di oxi de | ayer. SiiiEgnt 1210 RAWINGS rier to copper, but the
prior art teaches th f | i con
nitride |ayer becausgﬁl)% %Hté&%ﬁgﬁﬁl%cﬁﬁﬁ toggﬁé?grata%g?%ar ed to
silicon dioxide. IMtMthhbﬁdlbmmg figaren in whtchcauses an undesired increase
I n capacitance between the interconnect and ot her interconnects and the

substrate. ~ SUMMARY AND OBJECTS OF THE I NVENTI ON
5 Figure 1 shows a flow diagram of a currently preferred
embodiment.

Figure 2 shows a cross-sectional view of a substrate including a
monocrystalline silicon layer and a doped region, a borophosphosilicate

10 glass layer, and a silicon nitride layer.

Figure 3 shows the substrate of Figure 2 after a contact opening
" within the borophosphosilicate glass and silicon nitride layers has been
formed. |
15
Figure 4 shows the substrate of Figure 3 after the contact opening

has been filled with a contact plug.

Figure 5 shows the substrate of Figure 4 after a patterned silicon
20 dioxide layer having interconnect channels has been formed over the
patterned silicon nitride layer in accordance with a currently preferred

embodiment.

Figure 6 shows the substrate of Figure 5 after a titanium nitride
25 layer and a copper layer have been deposited over the patterned silicon

dioxide layer and within the interconnect channels.

Figure 7 shows the substrate of Figure 6 after chemical mechanical
polishing with a polishing solution in accordance with a currently

30 preferred embodiment.



According to the present invention there is provided a nethod of formng
‘an i nt er c UhisSiekt Has Béen aced conduct or substrate, as set forth in clains 1,
7, 12, 15 hereto. Al so, accordi ng to~=ke.present invention
there is pﬂwmnglﬂtg conduct or device as set [f5§ SHEE\Tglqsi [9] appended
hereto. e enbodi nents of the predent inve ti on REPLALES

channel and an interconnect within a sem conductor device—ta.gengral, a
first dielectric tayer is deposited over a substrate and patterned to form
a5 contact or via opening that is filled to forma contact or via plug. A

second diel ectric | apghurd 8 sHRPPMelsa8stANEbf Fipard R hiisr H6itichh bRinidiR! ectric
| ayer and the contact _or via plug and is selectively etched to forman

i nt erconnect chdA¥FdYation layks haxe bern dapesitad 9yee theappitemetiilioopdiexide second
di el ectric |ayengyer and the interconnects.

.5 Figure 9 shows the substrate in Figure 7 after forming a second
interconnect level including a via and depositing a silicon oxynitride

passivation layer.

Figure 10 shows an alternate embodiment having a tungsten contact

10 plug and an aluminum interconnect layer.

Figure 11 shows the substrate.in Figure 10 after chemical mechanical
polishing to form interconnects within the interconnect channels in
accordance with an alternate embodiment.

15 |
Figure 12 shows an alternate embodiment having encapsulated

copper interconnects.

Figure 13 shows a substrate having a tungsten contact plug and gold

20 interconnects in accordance with an alternate embodiment.



may conprise nore than one individual dielectric |ayer. Preferably, the 10
first dielectric layer acts as an etch stop when the second dielectric

| ayer is selectively etched to foermthe interconnect channel. An
interconnect |ayer is deposited over the second dielectric |layer and within
the i nterconnect channel. The substrateBis polished with a polishing
solution to renove that portion of the interconnect |ayer that lies on.the
second dielectric layer to 15 forman interconnect within the interconnect

Ichannel : d'cli'he i nt eD@‘dM&@Q Dm ﬁ;@ﬂncl ude a barrier layer and a netal
ayer. Additional int nner. |f
needed, a diffusion b ieé’? Hté‘et?égsc?ggmv ét%gjdfne oreﬁﬁ egzr:én@ngﬁgnot her

i nterconnect | eVeEhanﬁepﬂﬁide/ﬁftdr&ihnbayﬁithm& sdenasiduedr dy\aCethEgdmﬂﬂIdmst 20
i nterconnect |evel. The enbodi nents have nunerous bengfits over |or art
met hods. The dept firssiielertric FAYSF isdepasited 9ysR AspRstate é'?:ng%‘Fe"P??

because the fi 5st8&l{é§ét%9w Spén?ﬂ’geﬁlafiﬁtfﬁleﬁstowﬁ(ébnt‘éép& M@ﬂhgseA%Eédn\de' y

etching the secon I el ectri'c layer. A longer overetch during interconnect
channel formati ondRBectmmgpyb@subpcblmdtdvgutheszagﬁmﬂcfuﬁtdlglleét!”@ﬂamj anfdhd i r st

dielectric layer. conta&pdD via I'JIUE%BS(s)&ngtf’\}el)}’@%hgftoffgmq intYchlefhalifer ! NI Nner

t han an
The first or second dielectric layers may comprise more than one

individual dielectric layers. Preferably, the first dielectric layer acts as an

10 etch stop when the second dielectric layer is selectively etched to form the
interconnect channel. An interconnect layer is deposited over the patterned
dielectric layer and within the interconnect channel. The substrate is '
polished with a polishing slurry to remove that portion of the interconnect
layer that lies on the patterned second dielectric layer to form an

15 interconnect within the interconnect channel. The interconnect layer may
include a barrier layer and a metal layer. Additional interconnect levels
may be formed in a similar manner. If needed, a diffusion barrier layer
may be deposited before forming another interconnect level. A passivation
layer'is deposited over the uppermost interconnect level. |

26 A number of materials may be used with the present invention. In
general, the dielectric layers comprise one or more layers of silicon
nitride, silicon dioxide (doped or undoped), silicon oxynitride, _
fluoropolymer, parylene or polyhﬂide. The interconnect and metal layers
may include aluminum, aluminum alloys (including, for example, Al-Cu,

25 ALCU-Ti, Al-Sc), copper, gold, silver, tungsten, or molybdenum; the
barrier layer may include tungsten, tantalum, titanium nitride, niobium; or
molybdenum,; the contact plug may include tungsten, tantalum, titanium
nitride, molybde-mjm, polysilicon, ora silicide (including for example,
TiSix, WSix, NiSix, MoSix, TaSix, PdSix, CoSix, and others); and the

30 diffusion barrier layer may include silicon nitride, phosphosilicate glass
(PSG), silicon oxynitride, aluminum, aluminum oxide (AlxOy), tantalum,

titanium nitride, nionbium, or molybdenum. These materials are



alum num i nterconnect while giving the sane or | ower resistance. The

‘pol i shi ng step forns a substantially planar substrate surface. Therefore,
addi tional steps-required for planarization schemes are not needed. One 30
.£embodi nent includes an encapsul ated netal layer to provide nore flexibility
when selecting dielectric, netal, and~ pPug mat eri al s. -6- BRI EF
DESCRI PTI ON OF THE DRAW NGS The present i nvention is illustrated by way of
exanple and not limtation in the following figures in which: 5

Figure 1 shows a gfréfgf@{bfy @éifo@ﬁ&@ﬁy éhe%i'é&l ?bydéﬁoﬁrﬂoﬁr(@d/m”gpmemﬁ peFigure 2
shows a cross-sectional” view of "a substrate including a
deposited by sputter deposition. .

The selection of materials depends on a number of factors. A

contact or via opening may be deep relative to its width and should be at

5 least partially filled with a material that is deposited by chemical vapor
deposition. Therefore, the contact or via plugs may include tungsten or
heavily doped polysilicon since these materials can easily be deposited by
chemical vapor deposition. The first and second dielectric layers typically
include different materials, so that the first dielectric layer acts as an etch

10 stop when pattelzning the second dielectric layer to form the interconnect
channel. If the metal layer significantly diffuses into a dielectric layer, the
metal layer must be encapsulated by diffusion barriers. One material that
is a diffusion barrier against one metal may not be a diffusion barrier for
another metal. The embodiments described include various dielectric,

15 diffusion barrier, and metal combinations. Every possible combination.of
dielectric, diffusion barrier, and metal is not included in this specification
due to the lafge number of possible combinations. Tests may be conducted
to determine diffusivities and interactions of metals with silicon, dielectric
layers, or refractory' metals. The materials to be tested are formed on a

20 substrate and subjected to the highest temperature cycle to which the
material will be exposed. Diffusivities and interactions may be determined
by methods including Auger analysis, SIMS analysis, voltage-capacitance
measurements, current-voltage measurements etc., for example. If the
diffusivities and interactions are acceptable, the materials may be used as

25  the dielectric, diffusion barrier, or metal materials when forming the
interconnects.

The embodiments may be used to make electrical contact to device
structures including polysilicon gates, word lines, source regions, drain
regions, bit lines, bases, emitters, collectors, etc. Although the present

30 invention is illustrated in conjunction with making electrical contact to an
N+ region in a silicon layer, it will be obvious to one skilled in the art that

the present invention can be used with any semiconductor technology



nmonocrystalline silicon |ayer and a doped region, a borophosphosilicate 10
‘glass layer, and a silicon nitride |layer. Figure 3 shows the substrate of
Figure 2 after a contact opening within the borophosphosilicate glass and
Silicon nitride layers has been forned. 15 Figure 4 shows the substrate of
Figure 3 after the contact opening has Yeen filled with a contact plug:
Figure 5 shows the substrate of Figure 4 after a patterned silicon 20

di oxi de | ayer having interconnect channels has been formed over the

patterned. silican nitri ' l: s ferred
enbodi nent. Fi gdPEI“Q‘n&Pg@sdﬁa'ﬁﬁ%{EW?q g@ ’\éﬂﬁégagn&?{l(&cﬁfﬁa&‘%‘?‘?gﬁi um
nitride 25 | ayer(MOM)anddOp¥l sdnsigenduesore been deposited over the patterned
-silicon dioxide Iayeg, and_within the ipnterco ct ch nnets. Figure 7 shows
the substrate of Fi glitedr®ldn¢iudesatay §grﬁ%&2ﬁp(9&freﬁloyre Sifedg with a

pol i shing sol utiQAnddimBRICSH 1HE Preeihventiof UMl @Bdral, BOrophesphbkitidateEhasi ment .
- 5 (BPSQG) a.nd silicon nitride layers are deposited and patterned to form with
a contact opening that is filled with a contact plug including titanium

nitride and tungsten. Next, a silicon dioxide layer is deposited and
patterned to form an interconnect channel. Titanium nitride and copper
layers are deposited over the patterned dielectric layer and within the

10 interconnect channel. The substrate is then chemically mechanically
polished to remove that portion of the titanium nitride and copper layers
that lie on the patterned silicon dioxide layer. After the polishing step,
additional interconnect levels may be formed over the substrate in a similar
manner. A silicon oxynitride passivation layer is deposited over the

15 substrate after the last interconnect layer is formed.

The patterning of the interconnect channels described below can be
perfbrmed by any one of several well known method. For line widths in
the deep submicron range (approximately 0.51 and less), E-beam, X-ray,

- or deep UV lithography may be used, for example. In the present
20 invention, deep UV lithography ona stepper system has been utilized to
produce reliably channels having a width of approximately 0.4 p.

In a currently preferred embodiment, an interconnect makes

electrical contact to an N+ region within a semiconductor substrate. Figure

' 2 includes the substrate having a monocrystalline silicon layer 20 and an

25 N7 region 21. A borophosphosilicate glass (BPSG) layer 22 is deposited
over the substrate. The BPSG léyer includes silicon dioxide, about 4
weight % boron, and 4 weight % phosphorus and is deposited to a thickness
of about 8000 A. The thickness of the BPSG layer 22 can be in the range
of approximately 5000 to 10,000 A, and the boron and phosphorus content

30 can vary depending on the characteristics that are desired for the BPSG

' layer 22 including sodium ion gettering and flow characteristics of the
glass layer. The BPSG layer 22 is subjected to a thermal cycle to densify
or reflow the BPSG layer 22. The conditions for the thermal cycle are



REPLACEMENT SHEET - 7 Figure 8 shows the substrate of Figure 7 after a
silicon oxynitride passivation | ayer have been deposited over the patterned
silicon dioxide |ayer and the interconnects. 5 Figure 9 shows the
substrate in Figure 7 after formng a second interconnect |evel including a
via and depositing a silicon oxynitrideldassivation |ayer. a substrate
Figure 10 shows having a tungsten contact 10 plug and an al um num

eromect | oyl ey FLaLS AL ShOUS R SRR oot AR < connecs
channel s 15 Fi gurgpbdit'ows 1 BREGARFHR. eMRoglidiriRvayed 2308 aslaiay ed
thin compared to the BPSG layer 22 but is thick enough to act as an etch
stop during a subsequent etch step. The silicon nitride layer should be
5 about 500 A to 1500 A thick. In a preferred embodiment, BPSG layer 22
and silicon nitride layer 23 make up the first dielectric layer.

The substrate is coated with a photoresist layer which is exposed and
developed to form a patterned photoresist layer having openings over
regions to be contacted such as region 21 (not shown). The silicon nitride

10 and BPSG layers exposed by the opening in the photoresist layer are then
etched by well-known methods. The photoresist layer is removed leaving a
patterned first dielectric layer having a contact opening 30 about 0.5 pm -
wide extending to the N+ region 21 as shown in Figure 3. Next, a titanium
nitride layer 40 about 1200 A thick is deposited over the patterned first

15 dielectric layer and within the contact opening. The titanium nitride layer |
40 is typically deposited to a thickness between 500 A and 1500 A. A
tungsten layer 41 is chemically deposited to a thickness about 5000 A. The
tungsten layer 41 must be at least thick enough such that the combination of
the titanium nitride layer 40 and the tungsten layer 41 completely fills the

20 contact opening 30. The substrate is anisotropically etched to form a
contact plug, which includes the titanium nitride layer 40 and the tungsten
layer 41 as shown in Figure'4. In an alternate embodiment, the contact

"plug rhay comprise of tungsten, heavily doped polysilicon, or a silicide as
long as 1) the tungsten, heavily doped pblysiliqon,- or silicide is a diffusion

25 barrier to a subsequently deposited metal layer or 2) a barrier layér is
deposited over the tungsten, the heavily doped polysilicon, or the silicide
before depositing a metal layer. '

Next, a silicon dioxide layer is deposited to a thickness of
approximately 6000A. A photoresist layer is coated over the silicon

30 dioxide layer and patterned to form a patterned photoresist layer having an -
interconnect channel pattern (not shown). The silicon dioxide layer |
exposed by the patterned photoresist layer is etched using reactive ion

etching (RIE) in a preferred embodiment to form interconnect channels 51.



copper interconnects.
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Figure 13 shows a substrate having a tungsten contact
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invention forman interconnect channel and an interconnect
W thin a sem conductor device. In general, a first dielectric layer is
deposited over a substrate and patterneéd® to forma 5 contact or via

Is filled to forma contact or via plug. A second dielectric
| ayer is deposited over the patterned first di elc}g ri.c |layer and the
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1
erably, the first dielectric |layer acts as an 10

is removed leaving a patterned silicon dioxide layer 50 having interconnect

channels 51 each about 0.1 um wide or greater extending to the silicon

nitride layer 23 or the contact plug as shown in Figure 5. After forming

the interconnect channels 51, a titanium nitride barrier layer 60 is

deposited to a thickness of about 1200 A over the patterned silicon dioxide

layer 50 and within the interconnect channels 51. The barrier layer 60

needs to be thick enough to act as a diffusion barrier for a subsequently

deposited copper layer and is deposited to a thickness between

approximately 5004 to 1500A. A copper metal layer 61 is deposited to a

thickness of about 6000A over the barrier layer 60, as shown in Figure 6.

The metal layer thickness may be varied as lbng as the interconnect

channels 51 dre filled by the barrier layer 60 and the metal layer 61.

There is no upper limit on the thickness of the metal layer 61, but a thicker

-metal layer 61 makes a subsequent metal polishing step longer and is

generally not desired.

The substrate is chemically mechanically polished with a polishing

solution to remove that portibn of the barrier layer 60 and the metal layer

61 that lie on the patterned dielectric layer to form interconnects within the

interconnect channels 51 as shown in Figure 7. The polishing is done using

a chemical mechanical polisher, such as the Westech 372™ polisher or

similar polishers made by Strasbaugh, Cybeq, and Speedfam. The

polishing solution in a preferred embodiment comprises approximately

10% by weight colloidal silica having a particle size of about 0.3 pm and

about 5% by weight ammonium hydroxide. The polishing solution in a

preferred embodiment has a pH of about 10.5, but may be in the range of

approximately 9 to 13.

The polishing pad preferably is a polyurethane-based pad and may

include plastic microballoons. The polishing pads may include the SUBA

famin of woven felt pads made by Rodel. The polishing pressuré



dielectric layer and within the interconnect channel. The substrate is
‘polished with a polishing slurry to renove that portion of the interconnect
| ayer that lies on the patterned second dielectric layer to forman 15
Interconnect within the interconnect channel. The interconnect |ayer may
include a barrier layer and a metal Fayér -~ Additional interconnect |evels
may be formed in a simlar manner. |f needed, a diffusion barrier layer may
be deposited before form ng anot her interconnect |evel. A passivation |ayer

i s deposited overprafbﬁblypmroamsztpslnélﬂfo@gm@%skurkeysemxghag)14 psi may%eﬁh@éd)ef of

materials may be_used W|th t he, present invention. In general
dielectric |ayer éﬁ!’E dieq agd Gﬁ'é"leélea%?"éfqrﬂghéF%‘a@fatﬁbp%%rﬁw’t‘Pllt(féthe'é| licon

i oxi de (doped okaBERREY (o bivs 400 SHHDI g prdrt il BBbIREY, cher V! ene, of

pol yi mi de. The interconnect and netal |ayers mnum al um num -
al 1 oys (i ncl udi ngeméyal raig afphemersl layer sixmid b¢ awmooz&/nﬁm copper, gold,

o< TSR AR B O S ARYE A LRt 0t
i ncl ude tungst enpolishit@kalmion.i Famngxampe, talu'nﬁiﬁa ni#y| Behied intead A ¥lidal con, or a
stlicide (incl Udiﬁ'xg sglct)lrtiog)é!%gp Loet’ re[]mre lny soh%s cLuct) 1fhs%rh?is arealrrllgludgd the

solids should not make up more than 10 weight % of the solution. The

particle size may vary from 0.05 pm to 1.0 pm. Smaller particles

10 generally give better selectivity and etch at a slower rate, and larger
particles génerally have worse selectivity and etch at a faster rate.
Additions other than ammonium hydroxide can be added to react with and
dissolve the metal being polished. For example, prior art neutral or acidic
solutions (pH less that 7) may be used to polish copper or other metals.

15 Figure 7 illustrates one interconnect fnaking electrical connection
with the N¥ region 21 and the other interconnect making electrical contaét
to other portions of the substrate (not shown). The interconnect lies on the
patterned silicon nitride layer and the contact plug. Contrary to the prior
art, the interconnects may lie on silicon nitride without a significant

20 decrease in device performance if the silicon nitride layer is not too thick
(no greater than about 1500 A). A silicon oxynitride passivation layer 80
is 'deposited over the substrate as shown in Figure 8.

The presént invention has numerous benefits over prior art methods.
The silicon nitride layer 23 acts as an etch stop during the formation of the

25 interconnect channels 51. Because of film thickness and etch rate _
variations across the substrate, the etch step ﬁsed to form the interconnect
channels 51 would etch a significant amount of the BPSG layer beneath the
interconnect channels 51 if the silicon nitride layer 23 were not present.
The silicon nitride layer 23 -allows a longer overetch during the

30 interconnect channel etch step without etching the BPSG layer. The longer
overetch ensures that interconnect channelé 51 are completely etched in all
areas of the substrate regardless of variations in the thickness of silicon

dioxide layer 50. The interconnect includes copper, which has a lower



30 diffusion barrier layer may include silicon nitride, phosphosilicate
‘glass (PSG), silicon oxynitride, alumnum alum numoxide [err] tantalum
titaniumnitride, nionbium or nolybdenum These materials are -O-
preferably deposited by chem cal vapor deposition (CVD), or they can be
deposited by sputter deposition. The sel%ction of materials depends on a
nunber of factors. A contact or via opening may be deep relative to its
wi dth and should be at 5 least partially filled with a material that is

deposited by chem cal, vapor deposition. erefore, .the.contact or via plugs
may incl ude tun_d%%‘ﬁh‘”@rcwqe{} %B‘Bé‘ﬂ‘%o@%ﬁ fqrso%trgmeéén&eﬁcgggewgri al g cgn
easily be deposiyeqiedWHiBYHiAgkheVRARY ordemes tdsistihce hhe aftiigiwr relbilwgcond

dielectric layers typically include different materials, so that the first
di el ectric | ayerTheqiodishing siepdoEns 2 subsiargigllymianap systieis svgiacte (N ond

diel ectric layer I#é?l dsei | kaecdd?éﬁr'%ﬁﬂﬂﬁ%" ia8868he séhidoR8udiBt sfbstray er
significantly dl"}, uses into a dielectric layer,. the
5 as well as all layers fabricated on the semiconductor substrate up to the
point of processing under discussion. Therefore, substrate surface refers
to the present uppermost surface of the substrate, including all structures
formed thereon.) Therefore, additional steps required for planarization
schemes are not needed. The copper within the interconnects is
10 encapsulated to prevént copper diffusion into a silicon dioxide layer.
Figure 8 illustrates the copper being surrounded by the titanium nitride
barrier layer 60 and the silicon oxynitride passivation layer 80. Titanium
nitride and silicon oxynitride act as diffusion barriers to the copper.
Furthermore, in the prior art, an interconnect formed by deposition
15 of a metal layer, patterning and etch must be wider than the width of the
contact region with which the interconnect is making connection in the area
where contact is made. This is due to the fact that the pattering layer can
be misaligned. If the interconnect line width were equal to the contact
region width, then the misalignment would allow etchant to reach the
"20  contact fill material. Since the contact fill material and the interconnect
material are usually the same or similar materials, this causes etching of the
contact fill during the interconnect etch. Generally, in the prior art, the
interconnect line must be at least as wide as the contact region plus twice
the alignment tolerance (to allow for misalignment in any direction) in the
25 area where it makes contact to a contact plug. This consumes a
considerable amount of area on the chip, thereby limiting scaling.
Although many prior art layouts stagger the location of contact regions to
minimize the effect, the presence of the widened region on each
interconnect line cauées adjacent interconnects to be spaced further apart
30 than if no widened region were present.
In contrast to the prior art, the interconnects of the present invention
can be the same width at the contact region, even if both the interconnect

and the contact fill are formed of the same metal. For example, the



nmetal |ayer nust be encapsul ated by diffusion barriers. One material that
Is a diffusion barrier against one netal may not be a diffusion barrier for
anot her netal. The enbodi nents descri bed include various dielectric, 15
diffusion barrier, and netal conbinations. Every possible conbination of
dielectric, diffusion barrier, and netal3is not included in this
specification due to the | arge nunber of possible conbinations. Tests may
be conducted to determne diffusivities and interactions of netals with

silicon, dielect fitercbARt fornfed ydlhyers 60 ayd BRtinfiRercotectehaineb5s to be
tested are formed on a 20 -substrate and subjected té) tplg hi ghest
tenperat ure cycl everdyingthencanast piedormed By fayepet®anpsbebal Figurs 8%t i es and

i nteractions may omg efsal it A8 theddonidt ?{g%ts (ARGbH 7 G2l HINIGNA stolwdy. S| MB

anal ysi s, voltage-capacitance neasure S, current-voltage nmeasurenents
etc., for exanpl és daf belreaddiyfappericiated, exemifdhe inteseennerion onky & wisedst abl e,

e et v B BB e A R T 00
to make el ectri caitecomteeeis foemed by peolistingiag desedbedatiovd Mhisuoltymidvenon
gates, word 1o S LS PO ALV Ledl 2 B ol LSRN B350
| ' ~ the co,ntact plug since polishing proceeds only until the upper level of

silicon dioxide layer 50 is reached.
10 The present inveﬁtion may be used to form more than one level of
interconnects as shown in Figure 9. After polishing thé substrate (Figure
7), a second silicon nitride layer 90, a second silicon dioxide layer 91, and
a third silicon nitride layer 92 are deposited over the substrate. The three
layers are patterned to form a via opening to one of the first level
15 interconnects. A second titanium nitride layer 93 and a second tungsten
layer 94 are deposited and anisotropically etched to form a via plug within
the via opening. Formation of the via opening and the via plug is similar
to the formation of the contact opening and the contact plug. A contact
plug makes electrical contact between the first interconnect level and the
20 silicon substrate, whereas a via plug makes electrical contact between
different interconnect levels. A third silicon dioxide layer 95 is deposited
and patterhed to form a second level interconnect channel. The third
silicon nitride layer 92 acts as an etch stop during the formation of the
second level interconnect channels. A second titanium nitride barrier layer
25 96 and a second copper metal layer 97 are deposited and chemically
mechanically polished to form a second level interconnect. Formation of
the second level interconnect channel and the second level interconnect are
_similar to formation of the first level interconnect channel and the first
level interconnect, respectively. Other interconnect levels may be formed
30 in a similar manner.- After formihg all of the interconnect levels, a silicon
oxynitride passivation layer 98 is deposited over the substrate. Referring
to Figure 9, copper is encapsulated by titanium nitride and silicon nitride

or titanium nitride and silicon oxynitride.
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30 invention is illustrated in conJ unction w:th ] cont act

“to an N+ I’G’gleHiheﬂI-hSECQBIRlelﬂ | ayer, it will be. obvifold ' ed in
the art that nventlon can be used wit_any B

_technol ogy d| ng NMOS, PMOS, CMOS, Bi CMOS~RiE

mul'ti-chip u MCM) and [11-V seri®onduct ors. Fi gure 1 in S a

fl ow di agram of the current preferred enbodi ment of the present invention. '
In general, borophosphosilicate glass 5 (BPSG and silicon nitride |ayers

~are deposi ted and paﬁfé{r&efb 1 { O1¥shd: AnaleaRtaGhbeRRRhNEE hbresent fi |1 ed
with a contact plug i uding titantumnitride and tungsten. Next, a

S|hl i coln dlI_OXI de inagmion. Zln(@pgml ,tmefala othes skanceapper €an beonseddn fome er connect
channe itaniumnitr
patterned di el eCWeirEor}ni,g era%cgg{gmﬁﬁg Eﬁ Jn?ﬁx%ﬁiBP‘ﬁl% qul 9?111'[\1@911&1V6H0$v9€er

t erconnect channel . The
substrate is t heﬂheQ:h@:ﬁidéBhﬂeyhamhpoinshaig works bestheith tethodsoxhach #rat port i on

of the titan l5J m crl]él}oglltgdec&x orrna(ff3 &nd 1sat¥ere§ore preferably used with metals which
- are CVD deposited or are otherwise reflowed. Although aluminum or

aluminum alloys, for example, are difficult to deposit conformally, they
can be used in the alternate embodiment described herein. Briefly
referring to Figure 3, the BPSG layer 22 and the silicon nitride layer 23

10 are deposited and patterned to form the contact opening 30 to the N+
region 21. A tungsten layer is chemically deposited and anisotropically
etched to form a contact plug 100 as shown in Figure 10. A silicon dioxide
layer 101 is deposited in the range of .approximately 0.5-1.0 p thick and
patterned to form interconnect channels about 0.8 pm wide. The silicon

15 nitride layér 23 and the contact plug 100 act as etch stops during the
interconnect channel formation. An aluminum or aluminum alloy layer

- 102 is sputter deposited to a thickness of about 8000 A. The substrate is

chemically mechanically polished with the polishing solution described
above to remove the aluminum layer 102 that lies over the patterned silicon

20 dioxide layer 101 to form interconnects within the interconnect channels as
shown in Figure 11. Other additional interconnect levels may be formed
(not shown). A passivation layer comprising silicon oxynitride or
phosphosilicate glass is deposited over the uppermost interconnect level
(not shown). The aluminum interconnects are not encapsulated because

25 aluminum does not diffuse into silfcon dioxide as opposed to copper. Since
aluminum has a higher resistivity than copper, the line width of the
aluminum interconnect of Figure 1 is greater than the line width of the
copper interconnects of Figure 9. The tungsten contact plug acts as a
diffusion barrier between the aluminum interconnect and the N+ region.

30 ‘Therefore, silicon is not needed within the aluminum layer.

| Figure 12 illustrates a further alternate embodiment that encapsulates
an infer;:onne_ét so that it does not diffuse into adjacent layers. Briefly

referring to Figure §, the substrate includes the Nt region 21, the



t hat |ie onthe patterned sil i con di oxi de | ayer. After the poli shi' ng step,
addi ti onal ilggﬁgeg@arg@g&,tke 16¢@! S nmay be forned over the substrate in =

simlar mann oxyni tride passivation |ppqiS SIERTCHAS IBEEN {over
Ihe 15 subs mw
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e last interconnect |layey is Regp p The

nect channet sttescri bed 3r med by
any one of several well known nethod. For line widths in the deep submi'cron
range (approximately 0.5 err] and less), E-beam X-ray, or deep W
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wei ght % phosphorys and j.s. de t.hi cknes f 00 A The
t hi ckness of t heSiesE ‘P’é&l&layfgg@éﬂg é‘s?rh&‘teﬁgtefcgﬂﬂ%c § arﬁ’ﬁgrom tely 5000 to
10,000 A, and th&eprﬂézﬁﬁl méchaReaBy pelished &aih £ dlkaline polishing solution to

form copper interconnects 120 that lie on the contact plug and part of the

patterned silicon nitride layer as shown in Figure 12. The patterned silicon

10 dioxide layer is removed and a second silicon nitride layer 121 is deposited
over the copper interconnects. A second silicon dioxide layef 122 is
deposited over silicon nitride layer and is planarized by, for example,
polishing. A silicon oxynitride passivation layer 123 is deposited over the
second silicon dioxide 122 and the second silicon nitride layer 121. The

15 copper interconnects are encapsulated by silicon nitride layers or the
silicon nitride layers and the contact plug. Other materials such as
molybdenum or tantalum may be used in place of the titanium nitride layer
40 of the contact plug. Also, molybdenum or tantalum may be used in
place of the second silicon nitride layer 121, with some additional

20 processing. Unlike. the second silicon nitride layer 121, a molybdenum or
tantalum layer over the copper interconnects 120 must be formed such that
the top and sides of the interconnects 120 are covered, yet, the
interconnects must not be electrically connected te each other. This can be
done, for exam;ﬁle, by an isotropic etching of material from the spaces or

25 by selective deposition. The second silicon nitride layer 121 should be used
with this embodiment to avoid the extra patterning step that may be |
difficult to perform because of narrow spaces between interconnect lines.
Other interconnect levels may be formed before the passivation layer is
deposited over the substrate. '

30 Fi_g.ure 13 shows a further alternate embodiment including the
substrate having the N* region 21. A BPSG layer 130 is deposited to a
thickness of about 9000 A and patterned to form a contact opening about |

0.5 um wide. A tungsten layer is chemically deposited over the patterned



30 can vary depending on the characteristics that are desired for the BPSG
| ayer 22 including sodiumion gettering and fl ow characteristics of the

gl ass layer. The BPSG | ayer 22 is subjected to a thermal cycle to densify
or reflow the BPSG | ayer 22. The conditions for the thermal cycle are

well known in the art. A silicon nltrrdéslayer 23 about 1000 A thick is
deposited over the BPSG | ayer 22. The silicon nitride |layer 23 is
relatively thin conpared to the BPSG | ayer 22 but is t hi ck enough to act as

an etch stop dur| S;legtg%gfwﬁf,ﬁ &Ractﬂfﬁnﬁ: rregurgn%ernﬁfer I%XQ{BPSG

shoul d be 5 about I'n a pre I ment
| ayer 22 and sili canmouoplcalueetbhq@qo f@ﬁnmmaqpphgemthm the Qhrmceopenmo | Ayer. -

The substrate is c ate t.or,esi st S ex d
devel oped to form® ‘cﬁﬁgfoé?%h@yﬁp@olfé‘ﬁ’%ﬁnepé é&%%@%‘@&é‘nﬁ ‘8(?85
regions to be cont@esrflintdtebhrst ¢H8heB aBAut(01D s W V- grddter. SBéda@wn@ltrl de
10 and BPSG | ayers exposed by the opening in the photoresist |ayer are

t hen etched by Sweetchistins used: ol lc%@ObWStﬂé'F’é%qséﬁnq efgla rate acrogni®ed - | eavi ng

a substrate need to be reasonably uniform to minimize overetch during
interconnect channel etch step. A gold layer 133 is depo'sited over the
patterned silicon dioxide layer and within the interconnect channels. The
gold layer is deposited at least until the interconnect channels are filled.

10 The substrate is chemically mechanically polished to form gold
interconnects 133. Additional interconnect levels may be formed. After
all interconnect levels are formed, a passivation layer comprising silicon
oxynitride or phosphosilicate glass is deposited over the substrate. The
gold interconnects 133 are not encapsulated because gold has a si gnificantly

15 lower diffusion rate into silicon dioxide compared to copper.

In the foregoing'specification, the invention has been described with
reference to specific embodiments thereof. It will, however, be evident
that various modifications and changes made thereto without departing
from the broader spirit and scope of the invention as set forth in the

20 appended claims. The specification and drawings are, accordingly, to be

regarded in an illustrative rather than a restrictive sense.



patterned firs el ectric layer having a contact opening 30 about 0.5
[err] vm'de i ng t N+ region 21 as shown in Figure 3. Next, a
titani um ni ﬂzﬁ"d 0 about 1200 A thick is deposited over the
patterned fi*rs WM|C | ayer and wi thin the copaect—aperi-ng—ilhe
titaniumnitride I ayer & typi cal |y d@@pesited to|JHiS SHEEE HASHBEMEEN 500
A and 1500 A. A tungsten lFayer 41 is chemcally depgsi tecREm_AEEDhi cknass
about 5000 A. The tungsten | ayer 41 nust be at | eas N t hat
the conbination of the titaniumnitride |layer 40 and the tungsten | ayer 41
conpletely fillsCLABMS) contact opening 30. The substrate is

ani sotropically etched to forma contact plug, which includes the titanium
nitride |layer 40 and the tungsten layer 41 as shown in Figure 4. In an

al ternate enbodi nent, the contact plug may conprise of tungsten, heavily

doped lysili. h | y doped
orysi | con, or 811 01 de 4 deforteni e iegiorhl M Blscquent 1y

deposi ted net gl &me@n@moz);u&tﬂawafdnqmsﬁmg,@e steps deposi ted over the tungsten,
the heavily doped polysilicon he SI | i cide gef ore depositing a netal
| ayer. Next, a silicEfPSitRg *ngsltg tig layen e said quisyrales t hi ckness of

appr oxi mat el y 6000A. phdthpQaRBfiRt dledteric isyer A6 Opferhbipriak! 1 con

dielectric layer having a first opening;

filling said first opening with a conductive plug;
10 depositing a second dielectric layer over said patterned first
dielectric layer and said conductive plug; and
patterning said second dielectric layer to form a patterned second
dielectric layer having said interconnect channel, wherein part of said
interconnect channel lies over at least part of said conductive plug, and
15 wherein at least the upper portion of said first dielectric layer has a lower -
etch rate than said second dielectric layer such that said first dielectric |

“layer acts as an etch stop.

2. The method of claim 1, wherein said first and said second
20 dielectric layers comprise a material selected from the group consisting of
silicon dioxide, silicon nitride, silicon oxynitride, fluoropolymer, parylene,
and polyimide, and wherein séid first opening is a type.selec'ted from the
group consisting of a contact opening and a via opening, said conductive
plug is a type selected from the group consisting of a contact plug and a via
25 plug, and said conductive plug comprises .a material selected from the
group cbnsisting of tungsten, tantalum, titanium nitride, molybdenum,

silicide, and polysilicon.

3. The method of claim 1 further comprising the steps of:
30 depositing a barrier layer over said pattemed second dielectric layer

and within said interconnect channel;

depositing a metal layer over said barrier layer; ~  ————
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30 Tdioxide layer and patterned to forma patterned photoresist |ayer
“havi ngrharshéentsiBe ged channel pattern (not shown). The si on_di oxi de
| ayer emﬁgﬁ i atterned photoresist layer is etchef THS BHEEE G,
jdon etc preferred enbodi nent to forminter ¢ hal
51 The RIE gas chenistry tadObs chosen by one % :
such that silicon nitride, titaniumnitride, and tungsten etch at a sl ower
r?tﬁ t han Zi l'i con ﬁi oxi de. Therefore, silicon nitride |ayer 23 acts as an
etch stop during t e |n erconnect . ¢ el _et.gh . ed
photoresi st |l ayer 5 P ‘28" gﬁ{‘} 3‘%1’?& "ggnoggn {6I ggﬁbgﬁga)@“ de | ayer

50 having inter c;szﬁﬁe@bf marbaﬂies afd neagtapdiotiat Oe bn[safa,}amnm@ secoryt eat er
extending to the silicon nitride |layer 23 or .the ¢ontact hown in

Figure 5. After dielenirisdaysido fonm ap FHagernech Xt sai 1mef§°'e‘5)ftcéﬁ‘i‘w itride
barrier layer 60,jss deposited to a thickness of about 1200 A over the

patterned silicon dioxide 10 |ayer 50 and within the interconnect channels
51. The barri®r | ayedeg®iting a diffusion barrier layer over said patterned second

dielectric layer and said interconnect.

4.  The method of claim 3, wherein said barrier layer comprises a

material selected from the group consisting of tungsten, tantalum, titanium

10  nitride, niobium, and molybdenum, wherein said metal layer comprises a
material selected from the group consisting of aluminum, aluminum alloy,
copper, gold, silver, tungsten, and molybdenum, wherein said polishing
solution comprises ammonium hydroxide and has a pH in a range of 9-13
and said polishing continues until the surface of said substrate is

15 substantially planar, and wherein said diffusion barrier layer comprises a
material selected from the group consisting of silicon nitride, niobium,

silicon oxynitride, tantalum, titanium nitride, and molybdenum.

5.  The method as described in claim 1 wherein said first
20 dielectric layer comprises a lower layer comprising silicon dioxide and an
upper layer comprising silicon nitride, said second dielectric layer
‘comprises silicon dioxide, and wherein said step of patterning said second
dielectric comprises the steps of:
forming a patterned photoresist layer on said second dielectric
25 layer, said patterned photoresist layer exposing portions of said second
dielectric layer;
etching said exposed portion of said second dlelectnc layer;
and,
removing said patterned photoresist layer.
30
6.  The method as described in claim 3 wherein said first
dielectric layer comprises a lower layer comprising silicon dioxide and an -

upper layer comprising silicon nitride, said second dielectric layer

KT O Y



needs tmughﬁ—o act as a diffusion barrier for a subsequently

deposi t edhis Shxpenas Bay, . an is deposited to a thickness between
appr oxi mat A. A copper netal |ayer 61p~s—depasited 1o a
t-hi ckness !m!iﬂmgg(IWover the barrier layer 60, AJHESHEET:HABI BEENE] 6.
15 The neta kness may be variled as | ong _
channels 51 are filled by the barrier layer 60 and t ' '
There is no upper limt on the thickness of the netal |ayer 61, but a
thicker netal |ayer 61 nmakes a subsequent netal polishing step | onger and
Is generally not desi.red..20 .. . Aate | S ( ) l. anically
polished with a 5%?‘Prslﬁ‘isrlsbhcs?gldd?’flg ag;ggvrhé%@é& ﬁgep %@%p ?Ig?ﬁr?%%m{ﬁéﬁggr rier '
| ayer 60 and t hedieddcalic tayprtise thd hiegs dft e on the patterned dielectric |ayer
to forminterconnects within.the int erdrcimect. c{uannel S .?1 as E{qun .in
Figure 7. The polishing i O RYSTREFLPRURIEHISLIaY He¥hiaid S8GOngSIT'SHEF , such
as the Westech 3TRkfrshid pidletrdghofiresi layfer Bk peHingdportidhE b sdid §ecobyl

St rasbaugh, Cybeq, and Speedfam The polishing solution in a preferred
embodi nent corfpr AEdeCtEG Y% matel y 10% by wei ght col I oidal silica having a
particle size of about 0.g&hifEhid¥PoRaPsrticYoORhidRIBRE JRIEH HiykRydr OXi de.
The polishing sol uél on in a

- and,

removing said pattemed photoresist layer.

10 7. A method of forming an interconnect on a semiconductor
substrate comprising the steps of:
depositing a dielectric layer on said substrate;
patterning said dielectric layei' to form a patterned dielectric layer
having an interconnect channel;
15 depositing an interconnect layer over said patterned dielectric layer
and within said intercbnnect channel; and
polishing said substrate with a polishing solution to remove that
portion of said interconnect layer that lies on said patterned second

dielectric layer to form said interconnect within said interconnect channel.

8.  The method of claim 7, wherein said step of depositing said
interconnect layef cdmprises the steps of:
depositing a barrier layer over said patterned dielectric layer and
within said interconnect channel; and
25 depositing a metal layer over said barrier layer.

9.  The method of claim 8, wherein said dielectric layer
comprises a material selected from the group consisting of silicon dioxide,
silicon nitride, silicon oxynitridé, fluoropolymer, parylene, and polyimide,

30 wherein said metal layer comprises a material selected from the grodp
consisting of aluminum, aluminum alloy, copper, gold, silver, tungsten,

and molybdenum, and wherein said polishing solution comprises
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preferredﬂnhadL_nem—has—a—aH of about 10.5, but may be in the range of 30

Tappr oxi matel to 1 ‘p l'i shing pad preferably is a pol yurethane-based
pad and nay “fi crobal | oons. The pol i shi pads nmay i ncl ude
the SUBA fam t pads madg _by Rodel . Th¢ TbiS iSHRET AT e
- 13 - prefer psi, al rhgagﬁ pressuresfas higmyg 4B$ﬂl may

be used. The platen and carrler each preferably rotate—a
either can be varied fromO to 100 rpm Using a preferred enbodlnen
renoval rate of the netal |ayer should be about 1200 A/minute. 5
Formul ati ons ot her than those given above may be used for the polishing
solution. For exanple, alumna nmay be used instead of silica. The solution

does not require, Xnﬁ%ﬁ%@oxxgy%nd fx?§é)h1-lqﬁ adhipe ST-Y9I8Rd sdil@oRstihgls shoul d

not make up rmre e solution. The particle size may
vary from 0. 05 [®mt1]1uetsolrmlﬂle[%!rfa]:e ofspaid sebystipigris sehséantially planar.

10. The method of claim 7 further comprising the steps of:
5 removing said first dielectric layer after said step of polishing said

substrate; and

depositing a diffusion barrier layer over said interconnect.

11. The method of claim 10, wherein said diffusion barrier layer
10 comprises a material selected from the group consisting of silicon nitride,

silicon oxynitride, tantalum, titanium nitride, niobium, and molybdenum.

12. A method of forming an interconnect on a semiconductor
substrate comprising the steps of:
15 - depositing a first dielectric layer over said substrate;
patterning said first dielectric layer to form a patterned first
dielectric layer having a first opening;
filling said first opening with a conductive plug;
depositing a second dielectric layer over said péttemed first
20 dielectric layer and said conductive plug;
patterning said second dielectric layef to form a patterned second
dielectric layer having an interconnect channel;
depositing an interconnect layer over said patterned second dielectric
layer‘andl within said interconnect channel; and
25 polishing said substrate with a polishing solution to remové that
portion of said interconnect layer that lies on said patterned second

dielectric layer to form said interconnect within said interconnect channel.
13. The method of claim 12, wherein said first dielectric layer

30 comprises silicon nitride and all of said interconnect lies on at least part of

said conductive plug and at least part of said first dielectric layer.

AT




10 generally i ve better seléctivity and etch at a slower rate, and Iarger

particles gen la8Q Selectivity and etch at a faster rate.

Addi ti ons ot he hydr oxi de can be added Eret—iit 1 and
i shed. For exanple, prior JHIS SHEET HASBERAC| di c
t

di ssol ve the
sol utions (pH Iess t a y be used £8 pol i sh copppr_or mmet al s} 15
r—m-t-ch t he

Figure 7 illustrates one interconnect making el ectrical conmnmectrot
N+ region 21 and the other interconnect maki ng el ectrical contact to other

' of th b
bt ernad si |1 con i (41 deTeaysPO Ak Chi TeEuh Bk FREREE QBB HhF, |

art, the inter cofn@térnedBlayér Contises thecsnerpsruftri de without a significant 20

decrease in device performance if the silicop nitride |layer is.not too
thick (no greater thgﬁp%mgaﬁgg@rigyergvgrqap BH TR §etc|op§§ eﬁ?ﬁ’g?&éﬂon

layer 80 is depogid &HnRV&id inf@csinRet dmahselasndhown in Figure 8. The present

i nvention has numerous benefits over prior art methods. The silicon nitride
| ayer 23 acts5as an <eposiingp mpialilayeriaver sodbamiasaysr. t he 25 interconnect
channel s 51. Because of filmthickness and etch rate variations across the
Substrate, the etch step used to formthe interconnect channels 51 would
etch a significant armsuntTie methed BPSEIMalA wheesinatid filsedielectric layer

comprises a material selected from the group consisting of silicon dioxide,

silicon nitride, silicon oxynitride, fluoropolymer, parylene, and polyimide,
10 wherein said first opening is a type selected from the group consisting of a
contact opening and a via opening, said conductive plug is a type selected
from the group consisting of a contact plug and a via plug, and said
conductive plug comprises a material selected from the group consisting of
tungsten, tantalum, titanium nitride, molybdenum, silicide, and polysilicon,
15 wherein said second dielectric layer comprises a material selected from the
group consisting of silicon dioxide, silicon nitride, silicon oxynitride,
fluoropolymer, parylene, and polyimide, wherein said barrier layer
comprises a material selected from the group consisting of tungsten,
tantalum, titanium nitride, niobium, and molybdenum, wherein said metal
20 layer comprises a material selected from the group consisting of aluminum,
aluminum alloy, copper, gold, silver, tungsten, and molybdenum, and
wherein said polishing solution comprises ammon'i.um hydroxide and has a
pH in the range of 9-13 and the polishing continues until the surface of said
_ substrate is substantially planar.
25

16. The method of claim 14 further comprising the step of _
depositing a diffusion barrier layer over said interconnect, said metal layer
being encapsuiated by said barrier layer and said diffusion barrier layer.

30 17. A method of forming an-interconnect on a semiconductor

substrate comprising the steps of:

depositing a silicon nitride layer on said substrate;

LT



The silicon allows a | onger overetch during the 30
|nterconnect ep wi t hout etchl ng t he HRabel@ys Hﬂgnggl:_n ger
everetch ensu [ ‘ KA@EWhed ifn al |
areas of the substrate regardl ess of va¢tations in the es5—af—31 | con
di oxi de | ayer 50. The interconnect includes copper, which has a | ower -
14 - resistivity conpared to alum num .Therefore, a thinner interconnect

| Nt er connect channelﬁTﬂ lkﬁ tdhe silicon nitride layer 23 were not present.

can be used while giving the same or m§ resi stance and, g_hi gher
reliability. The pollPaé‘l‘?FH@g%‘éﬁﬂf‘iS’PrFémél DS EA T Pefttfpw%ww%bstrate
surface. (Note, @R 1Mehal et iRt 6 "substrate" includes the
sem conduct or Sl?bstra%% 5a 1a§ X f las@‘?{;{s}ﬁa | ayers fabricated on the

sem conduct or subst rfalﬂlegtspldtfmt m;npng with @fCOpdlmws:pﬂuaj under di scussi on.
LURLETOTE oo Rt URER RGRGE 0 BRI AR BT e
steps required faqd sfidapaductivt plig;
patterning said dielectric layer to form a patterned dielectric layer
having an intercorinect channel such that at least part of said interconnect
channel lies over at least part of said conductive plug;
depositing an interconnect layer over said patterned dielectric layer
10 and within said interconnect channel; and
patterning said interconnect layer to.form said interconnect such that
said interconnect lies on at least part of said cohductive plug and part of

said patterned silicon nitride layer.

15 18. The method of claim 17, wherein said dielectric layer
comprises a material selected from the group consisting of silicon dioxide,
silicon nitride, silicon oxynitride, fluoropolymer, parylene, and polyimide,
wherein said first opening is a type selected from the group consisting of a
contact opening and a via opening, said conductive plug is a type selected

20 from the group consisting of a contact plug and a via plug, and said
conductive plug comprises a material selected from the group consisting of

" tungsten, tantalum, titanium nitride, molybdenum, silicidé, and polysilicon,.
and wherein said interconnect layer comprises 4 material selected from the
group consisting of aluminum, aluminum alloy, copper, gold, silver,

25 tungsten and molybdenum.

19. The méthod of claim 18 further comprising the steps of:
refnoving said patterned dielectric layer after said step of patterning
said interconnect layer; and _
30 ~ - depositing a diffusion barrier layer over said interconnect, said
interconnect being encapsulated by said patterned silicon nitride layer, said

conductive plng, and said diffusion barrier layer.
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schenes ;i BESIED. Jhe copper within the interconnects is 10

encapsul “Copper diffusion into a silicon.dioxide | ayef—
Fi gure 871%{%““ f‘e copper being surrounded by the THISSHEEN#AS BEEN
barrier e silicon oxynitride passivation | ayeﬁE?QACED tani ym
nitride and silicon oxynitride act as~d#Pfusion barri erle—te—ttre—copper"
Furthernore, in the prior art, an interconnect formed by deposition 15 of

a netal layer, patterning -and etch nmust be wider than the width of the
contact region w th 2hi cihe mcthadtca‘raizirm&twhaehnedaimgifﬁmiundmriimﬂayﬂ the area

where contact i s nade. fact t hat .t he terni. | ayer
can be misali gnéamppfestzhg‘a&ﬁ‘LaZFeg%ﬁi?éﬁf’ épraﬁ%%?%%g@tﬁi)“ Pﬁ”?‘%e cont act
region width, tRRRohRRyHIEE, tAHETERA, tiRElE nitrideVarRl BBBBHeduins each the 20
contact fill material. S| nce the contact fill material and the interconnect
material are usually the same or simlar materials, this causes etching of
the contact fll durdng ihe Rl dFUHACET, Stk m%a%g]eglafyaepbauﬁgsmar'Or art,
t he |nterconnect line nmust be at Teast as wde as t contact Tegion pI us
twice the ali gnmﬂatconméceﬂmceor(xpmealme)smepmf m sal i gnrrent in any direction)
in the 25 area wherg it..nakes co gact to a,co taccltiﬁ‘p fﬁ cIhls cCONsSunNes a
consi der abl e -anobunt o%”lg%a TR, %%oﬁ'erfﬂgrpé etl? 5 P ERY.

within said interconnect channel; and

depositing a metal layer over said barrier layer.

10

| 22.  The method of claim 21 further comprising the step of
depositing a diffusion barrier layer over said patterned second dielectric
‘layer and said interconnect, said metal layer being encapsulated by said
barrier layer and said diffusion barrier layer. '

15

23. The method of claim 22, wherein said barrier layer comprises
a material selected from the group consisting of tungsten, tantalum,
titanium nitride, niobium, and molybdenum, wherein said metal layer
comprises a material selected from the group consisting of aluminum,

20 aluminum alloy, copper, gold, silver, tungsten and molybdenum, wherein
said diffusion barrier layer comprises a material selected from the group
consisting of silicon nitride, silicon oxynitride, tantalum, titanium nitride,

‘niobium, and molybdenum, and wherein said polishing solution comprises
ammonium hydroxide and has a pH in a range of 9-13 and said polishing

- 25 continues until the surface of said substrate is substantially planar.

24. A semiconductor device comprising:
a semiconductor substrate;
a patterned silicon nitride layer disposed on said substrate, said
30 patterned silicon nitride layer having a first opening;
a conductive plug within said first opening; and
an interconnect lying on at least part of said conductive plug and at

least part of said patterned silicon nitride layer.
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Al though—many prior art layouts stagger the | ocation of contact regions to
M nimze tfg shdef 196 Been ﬂtﬁaqaclesence of the w dened region on each

| nterconnec adj acent interconnects to be sp _
30 than if g| on were present.. In contrast 318H§ETHA88335
t he interco present invent 26n-can be the safre wi REPLACED he

contact region, even I f both the interconnect and the contact 1T —are
formed of the same netal. For exanple, the - 15 - interconnect formed by
| ayers 60 and 61 in interconnect channel 51 overlying the contact plug

- formed by | ayers 40 asd 4’[he:)ﬁe\ﬁi:gufelaﬂn aée’dshcrrdoynmisirgsa diffisiasbdrkier cont act

plug. (Although |t wi der,. as shown As, can r.eadi | reci at ed,
even if the inte Bﬁ ’éE?sefisonosﬁdemé?c%“GEt s3iq paite sélé‘fonp‘fli/fbua p‘%’ﬁre will

be no etching. of sa{lb%tﬁfl@hﬁ&tt bein ﬁ&n@&}ﬁmz&éaeoy e panariilitén hidhdedydy
pol i shing as descri bed above. isis true even if the |nterconnect channel

50 had been msSasargﬁeadle%wﬁcpl%@néﬁaldcchﬁweabhmer layer.

26. ‘The device of claim 24 further comprising a patterned
dielectric layer disposed on said patterned silicon nitride layer, said
patterned dielectric layer having an interconnect channel such that said

10 interconnect lies within said interconnect channel.

27. The device of claim 26, wherein said interconnect comprises:
a barrier layer lying along the bottom and walls of said interconnect
channel; and

15 a metal layer over said barrier layer.

28. The device of claim 27 further comprising a diffusion barrier
layer over said patterned dielectric layer and said interconnect, said metal
layer being encapsulated by said barrier layer and said diffusion barrier

20 layer.

29. The device of claim 28, wherein said first opening is a type

selected from the group consisting of a contact opening and a via opening,
said conductive plug is a type selected from the group consisting of a

25 contact plug and a via plug, and said conductive plug comprises a material
selected from the group consisting of tungsten, tantalum, titanium nitride,
molybdenum, silicide, and polysilicon, wherein said patterned dielectric
layer comprises a material selected from the group consisting of silicon
dioxi_de, silicon nitride, silicon oxynitride, fluoropolymer, parylene, and

30 polyimide, wherein said barrier layer comprises a material selected from
the group consisting of tungsten, taﬁtalum, titanium nitride, niobium, and
molybdenum, and wherein said metal layer comprises a material selected

from the group consisting of aluminum, aluminum alloy, copper, gold,
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the contact plug since polishing proceeds only until the upper |evel of

silicon dloxﬂﬁeﬁkayﬁﬁségn_ ackgached. 10 The present invention may be
used to form MH ug evel of interconnects as shown in Fi gure 9.°
After polishi e (Figure 7), a second si

90, a second si |'ayer 917 &dd=a third sil ggnis i\ ﬁg@lé@ 92

are deposited over the substrate. The three | ayers are for
via opening to one of the first level 15 interconnects A second tltanlun1,

ni sot rop ¢ S refiiiested srRomaybIRaT afd fherit shid HANSIR PR £ YRt | on
cont act " openPRPaRes ipatiiial E18l friut R BRoub Sonifirldl BF sifced nitide.,

contact bet wgy ﬁ'@ﬁc#ffrlikfrfde 'tﬁh?dlﬁﬁf‘rﬁ@hlﬁﬁl"ﬁitgﬂéd nHS& aﬁtl'x‘n% Jeihsdyr at e,
wher eas a vra

es électrical contact betwee terent er connect
| evel s. A thlrd S|I|con di oxide layer 95 is dep05|ted and patterned to form
a second |l evel interconnect channel. The third silicon nitride |ayer 92
acts as an etch st @0.durA mg thHeel fod ftrnimgofar Hm teammrhd ety edhdmieek cmmnect
channel s. A second titaniumnitride barrier layer 25 96 and a second
copper net ala |sayreirc odid wrte m epdss trectk earsibstaritdad |y as hereinbefore

described with reference to the accompanying drawings.
31. A semiconductor device substantially as

hereinbefore described with reference to the accompanying

drawings.
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mechani cally polished to forma second | evel interconnect. Formation of the
Second | evel interconnect channel and the second | evel interconnect are -
simlar to formation of the first |evel interconnect channel and the first

level interconnect, respectively. O her interconnect X he forned
30 in asimlar manner. After forming all of the int _

silicon oxynitride passivation |ayer 98 is deposited guer t~,-.

Referring to Figure 9, copper is encapsul ated by titarfemrrmn g s
silicon nitride or titaniumnitride and silicoy oxynitride. - 16 - a
substrate including interconnects that need not” Figures 10 and 11
illustrate be encapsulted. In geperal | s other than copper can be used
to forminterconnects according gg mgrﬁgtﬁods of the present invention.

However, the chem cal nechani cal |sh|ng wor ks best with nmethods which
are 5 deposited confornally, and Is therefore preferably used with netals
whi ch '

Deposit and pattern BPSG
and SizN4 layers to

form a contact opening.

]
Y

Fill the contact opening with a
contact plug including — 12
TiNand W.

!

Deposit and pattern a SiOp
layer to form an interconnect 13
opening.

I

Al
Deposit TiN and Cu layers over
the patterned SiOp layerand L — 14
within the interconnect opening.

L— 11

3

Polish the substrate to form an
interconnect including Cuand 15
TiN within the interconnect opening.

|

¥
Deposit a silicon oxynitride
passivation layer. — 16
_—
- This Sheet Has Been

R e



are CVD deposited or_are otherw se reflowed. Although alum numor alum num
“al | oys, for exanple, are difficult to deposit conformally, they can be used
in the alt exigistiee HasBesd described herein. Briefly referring to Figure

3, the BPSGII he silicon nitride |ayer 23 10 e _deposited and
patterned t
i al

act opening 30 to the N+ regio SHEETUT]
| ayer is che y deposited and ani sotropically etched to fgg n

pl ug 100 as shovvn in Figure 10. A silicon dioxide |ayer TOf
the range of approximately 0.5-1.0 [err] thick and patterned to form
i nterconnect channels about 0.8 [err] wi2dé. The silicon 15 nitride |ayer
23 and the contact pl 100 act as_etch stops during the interconnect
channel for mation. LA uninum o um num al-l oy |l ayer 102 is sputter
deposited to a thickness of about 8000 A. The substrate is chemcally
mechani cally polished with the polishing solution d ri bed above to renove
the alum num | ayer 102 that lies over the patter neﬁ silicon 20 d| oxi de
|ayer 101 to f-qrrmsant erornecizs At v the it &r eohett Zokahed 7 2 <haan
in Figure 11. /O

Aot i B i g Cto b ; bfo s no {
shown) . A pasp va 'on _ 3 de “ar )
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alumnumh |st|V|tythan copper, the line width of the
_aI um num i Figure 1 is greater than the |in idth qf the

(not shown). .The al um num i:nterconnects are not. encapsul ated because 25
num ﬂﬁﬂxeﬂ@hsﬂseﬁhmed nto silicon dioxide as opposed to copper. Since

opper interconnects of Figure 9. The tungsten contact 1S SHEET AS BEEN
d| ffusion barrier between the alum numinterconnect and the WepLAGEDPN. 3(
Therefore, silicon is not needed within thedd umi num | a :
illustrates a further alternate enbodi nent that encapsul ates an
I nterconnect so that it does not diffuse into adjacent |ayers. Briefly
referring to"‘é@lﬁr =t he sub e includes the N+ region 21, the -17
- patterned = 22—and con nitride |ayer 23, the contact plug
including the titaniumnitride layer 40 and the tungsten |ayer 41, and
patterned silicon dioxide |ayer 50 (not shown in Figure l?) i ncl udi-ag—;

i nt erconnect cha e[‘ g\g\\cﬂm |n:,F|g’§e&) —gﬁa\\ f ogmred as— 3
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p met al layer 120 is deposited over the

5 descri bag gpegvle
“patt er ned S|ISWHEO E)‘T:ayer 50 and within the interconnect channels 51

and chem call| y polished with an al kaline polishing solution to

4 orm copper i 120 that lie on the contact pl gﬁ he
patterned silicon nitride l-ayer as shown in Figure 12. Th H nHAS BE N’
silicon 10 dioxide layer is renoved and a second silic | tﬁEBM(L‘ED/er 41
i s deposite —bhe——eea,per [ nte nectgs A second silicon di.

122 is deposit véﬁ-‘-eh—l | ayer and is planarized by, for
exanpl e, pol i shizng—A Qlllcon oxvnltrlde pa55|vat|on Iaver 123 is de005|ted

over the second I/?R/l oxde the/se nitrid
121. The 15 copper. nM %{L rige”
| ayers or the sufmn Aty er and t’ﬁe nt D| Lt er mtewal S

such as nol ybde oF X aneaNuk y\@é usied 0 \pk \t et i pand m o t fyi de
| ayer 40 of the ast \prog\ = ’o Nl yhded o\nt éPuTﬁ n'u ue=e5el\ n
pl ace of the sefond BRATCOW M Itirge AayersTot; i oot

processi ng. Unl§ke\t be i y S

tantal um | ayer Oy€ ua-
the top and si dés—e? S
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I nter connect S must not

patterned to !
is chem call e f

wi thin the contact opening. The tungsten |ayer

ctrically connected to each ot her.

Thi s can be

about 0.5 [err] w de.

ot Opegjpggrerned

- 18 - BPSG | ayer

etched to forma contact plug within the contact Qgenlnq A

130 a

131 is anisotropically

nd
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.=done, for Jq smﬁmqgthQtroplc etching of material fromthe spaces or
25 by sel ec The second silicon nitride Iayer 121 shoul d be

¥used with t W to avoid the extra patterning Been
“difficult to per orn1 se of narrow spaces between ih ﬁﬁg i nes.|
O her interconnect |levels may be forned before the passfvati § IS
deposited over the substrate. is an illustration of a substrate including
a gold 30 Figure 13 interconnect t hat3/does not requi re encapsul ati on

A BPSG | ayer 130 is deposited to a thickness of about 9000 A and

A tungsten | ayer



LY dioxide layer 132 is deposited to about 8000 A thick and patterned
to forminterconnect channels about 0.1 [err] wde or greater. Because no 5
etch stop is used, the silicon dioxide thickness and etch rate across the
substrate need to be reasonably uniformto m nimze overetch during
I nt erconnect channel etch step. A gok&i@hl% I s deposited over the
‘patterned silicon dioxide | ayer and e interconnect channels. The
gol d layer is deMPEHQDS] O&t FORMENG vt INTERGONNECE @ rh SEMIERMPYEIR ar e
filled. 10 The sEBBI¥RHNIE | s chenically nechani-cally—potished—te—f orm gol d
i nterconnects 133. AAdelvice andimethbds of fiowring| aaviatercormectienfweitinimda Aft er al |
I nterconnect |evels ar Lor d, a passivyation layer ¢onpgi i silicon
oxynitride or Rfﬁ%fﬂfﬁ%‘gF L ‘ﬁlaa%e@‘an‘X‘é‘ﬁB%ﬁi?‘éee 8ire espﬁigeéu BfesentThe

gol d i nt er CONNGEL 3 d 3 Al s NOIne AEAHEH-AKEL sRIARUS ARI! chahS Bithin

significantly ower usion rate rnto’silicon ox1 de conpared to
copper. |n & heehriceghiongr dpdce.f Acfitstdielettrie lapseitdepdsited obeen sabstedte bed
with reference to specific_enbodinents thereof. It will, however, be
evident that \aid RAteTRRG form A 6ABtashaPeMAG dRa irsweseqnentdy Hillgidiwish

" the 20 appeni HEEE saRodl dieBeR CRIRE den ird B tre TR EE bR ol

to be dielectric layer and the contact plug. The second dielectric layer is

patterned to form the interconnect channel, wherein the first dielectric

10 layer acts as an etch stop to prevent etching of the substrate. The present
invention also includes a method of forming an interconnect. A dielectric
layer is deposited over a substrate and patterned to form an interconnect
channel. A metal l.ayer is deposited over the pattemned dielectric layer and
within the interconnect channel. The metal layer is polished with an

15 alkaline solution to remove the metal layer that does not lie within the
interconnect channel to form an interconnect. _Thé present invention
further includes a method of forming an interconnect over a silicon nitride
layer. The silicon nitride layer is deposited over a semiconductor substrate
and patterned to form a contact opening that is subsequently filled with a |

20 conductive material. A metal layer is deposited on the patterned silicon
nitride layer and the contact plug and patterned to form the interconnect
such that all of the interconnect lies on the contact plug and part of the

patterned silicon nitride layer.

(Fig. 9)




regarded in an illustrative rather than a restrictive eﬂEELACEMEQTéﬂRFDB ]
1. A nethod of formng an interconnect on senicanp 1
substrate conprising the steps of: depositing a first dj Béectrie-Tayer-on
sai d suhstrate; patterning said first dielectric |layer To torma patterned
first dielectric layer having a first opening; filling_said first opening
with a conductive plug; depositing a secapg diel ectri &SRa2EENS =
patterned first dielectric layer and said conductive pkdg:

second dielectric layer to forma :

DEPOSIT AND PATTERN BPSG N\ 11
AND SizN4 LAYERS TO
FORM A CONTACT OPENING.

'

FILL THE CONTACT OPENING WITH A
CONTACT PLUG INCLUDING N\ 12
TN AND W. -

!

DEPOSIT AND PATTERN A Si02
LAYER TO FORM AN INTERCONNECT 13
OPENING.

!

DEPOSIT TIN AND Cu LAYERS OVER
THE PATTERNED Si0p LAYER AND 14
WITHIN THE INTERCONNECT OPENING.

!

POLISH THE SUBSTRATE TO FORM AN |
INTERCONNECT INCLUDING Cu AND 15
TIN WITHIN THE INTERCONNECT OPENING.

!

DEPOSIT A SILICON OXYNITRIDE
PASSVATION  LAYER, 16

FlG. |



patterned second dielectric layer having an interconne
part of said interconnect channel |ies over at |east part of S.
conductive plug, and whérein at |east the upper portio Dﬁe&dim,
dielectrjc layer has. a |lower etch rate than said secontdrerestili 1"
such that said first dielectric layer acts as an etch stop,
barrier |ayer over said patterned second-,dielectric |ag8
sai d i nterconnect channel; depositing a ne al |ayer over alg
| ayer; polishing said substrate with a polishing solution to renove
that portion of said barrier and netal |ayers that lie on said patterned
second dielectric layer to formsaid ingerconnect within_said interconnect
channel ; and depositing a diffusion ba??ﬁé& | ayer oyyr’géid patterned
second di el ect rg« ' PO A

Fata¥. ¥al
L

FIG. 2

(* /"‘3. s

&

21

FIG. 3

20

22 /23 41\ /40 fzs r22

21

FIG. &4

20



sai d net al
di ffusion barrier Iayer

the group consisting. of silicon dioxide,
f1 uoropol yner,

oxynitride,

paryl ene,

| ayer bei ng encapsul ated by said barrier
20 2.

silicon
and pol yi m de,

first opening is a type selected fromthe 9 oup conS|st|Rggghcemémﬁfﬂﬁeet
sai d conductivé élug is a typdS5Ssdugetsdd 39 t he

openi ng and a vi a openi ng,
group consistin

of a contact plug and a via plug,

and sai d conductive plug

conprises a matgy the group tungst en,
tantalum titarN | W N80 num sdql i Ci I iIic%% 3.
The met hod of cf & ' a barrTer | 20
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conprises a material selected fromthe group consisting ﬁgpgggég )
tantalum titaniumnitride, niobium and nolybdenum wherein sal Eﬁ%FEFET
| ayer conprises a materiral selected fromthe group consi sbétgg_'aﬂ

m
al um nup al | oy, copper, gold, silver, tungsten, and nol yeeeasm ﬁg%maxﬁg"

said polishing solution conprises anmmonium hydroxi deephscémena gHeer a
range -of 9-13 and sai d polishing continue@”%ptil

substrate is s o Ly e
conprises a matef )4 2
ni obium silicaga e

The net hod as
conprises a lo
conprising sili
di oxi de, and
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form ng a patterned photoresist |ayer on said second diel :
patterned photoresist |ayer exposing a portion of said se REPLA T EET
| ayer; etching sald expbsed portion of said second 21 ielechnvcj“?'

and renpvi ng said patterned photoresist |ayer. 5 The Dertet: aé
described in claim3, wherein said netal |ayer conprises

The nethod as described in claimS3, mheg?%n sai d barriergb@g%ﬁéﬁ@ﬂ@jgyggt
titaniumnitride. 7.° A nmethod of rmng an intégsCcal t 109 )a
sem conductor substrate conprising the steps of: depositing a Tirst
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patternlng said first dielectric layer to forma first dlelectrlc | ayer

having a first opening; filling said first opening

material; depositing a second dielectric |ayer on [sAIEPLACEMENT SHEET )i

| ayer and said conductive material, whgrein at |eaft t he{ @oMAY B8t ¢n of
said first dielectric layer has a |ower etch rate [P&ie ‘sai-tr-second-

dielectric layer; patterning said second dielectri orm a
patterned second dielectric |layer having an interconnect channel, at | east
a portion of said |nterconnect channel overl ing at Ieast a portlon of said
onductlﬁe materi al ; dBYUME : BJEE ! s

I

=S ider psiting a
barrier | ayer over sald patterned second dlelectrlc Iayer and mﬁthln sai d

i nt erconpect channel , an 0 a netal ay r ?Q rier
layer, |wherein saPf 5’%’1’@0 %'a%/er S PHIATTTer f%"ﬁ?’ﬁ?ég‘u on 0 sal net al
provided a method of forming an interconnect on a semlj_
conductor substrate, as set forth in claims 1, 7 iZ, 15

and 17 appended hereto.

Also, according to the present invention there is
provided a semi-conductor device as set forth in claim 19
appended hereto. '




v

| ayer; polishing said substrate with a polishing solution to renove
that portion of said interconnect layer that |ies on said patterned
second dielectric layer to formsaid interconnect w ff ebbps
22 channel ; renoving said second dielesrig layer; a
di ffusion barrler | ayer over said interconnect such
I S encapsul ated by said barrier |ayer and said dlffu
The method of claim 7, wherein said second di & -
conprises materi al selected fromthe group consisting of S|I|con d|0X|de
silicon nitride, silicon oxynitride, f I uor opol yner, paryl ene, and

The embodiments of the present invention form an interconnect
channel and an interconnect within a semiconductor device. In general, a
first dielectric layer is deposited over a substrate and patterned to form a
5 .contact or via opening that is filled to form a contact or via plug. A second
dielectric layer is deposited over the patterned first dielectric layer and the
contact or via plug and is selectively etched to form an interconnect _
cﬁannel in the second dielectric layer. The first or second dielectric layers
may comprise more than one individual dielectric layer. Preferably, the
10 first dielectric layer acts as an etch stop when the second dielectric layer is
seIective'ly etched to form the intercenn_ect channel. An interconnect layer
is deposited over the seécond dielectric layer and within the interconnect
channel. The substrate is polished with a polishing solution to remove that
portion of the interconnect layer that lies on.the second dielectric layer to
15 form an interconnect within the interconnect channel. The interconnect
layer may include a barrier layer and a metal layer. Additional
interconnect levels may be formed in a similar manner. If needed, a
diffusion barrier layer may be deposited before forming another
interconnect level. A passivation layer is deposited over the uppermost
20 interconnect level.
The embodiments have numerous benefits over prior art methods.
The depth of the interconnect channels is easier to control because the first
dielectric layer acts as an.etch stop when selectively etching the second
dielectric layer. A longer overetch during interconnect channel formation
25 may be used without significantly etching the first dielectric layer. A
copper intercon.nect'may be formed, which may be thinner than an
aluminum interconnect while giving the same or lower resistance. The
polishing step forms a substantially planar substrate surface. Therefore,
additional steps required for planarization schemes are not needed. One
30 embodiment includes an encapsulated metal layer to provide more

flexibility when selecting dielectric, metal, and plug materials.



pol yi ni de, wherein said metal |ayer conmprises a materia ﬂﬁﬁk&gﬂﬁfﬁﬁﬁﬁﬁﬁﬁe
group consisting of alum num alum num alloy, copper, ¢ Id z;r‘x
tungsten, and nol ybdenum and wherein said polishing so

ammoni um hydr oxi de and has a pH in a range of 9-13 and sal
continues until the—suface—ef——sa-d—-subBrate—+s—substanttattypl :
The nmethod of claim@8, wherein said diffusion barrier layer cerprises a
material selected fromthe group consisting of silicon_n i
oxynitride, tantalum titaniumnitride, niobium ane nnlybdenun1 10.

The nethod as described in claim?7, wherein sa+d second dlelectrlc Iayer
conprises silicon dioxide and said netal ayer conprlses copper

The met hod as descri [ sa arrier CQ rlses
titaniumnitride. 12%‘[?{e &Aea i iy a "Sﬁr’}ﬁ% "g prep?ﬂté %ﬁﬁ@ a
sem conduct or subs apgirentesm thesadtginphsying Gﬁﬁmﬁﬁs and from the detailed

po |sn|ng




aepositing a silicon nitride layer on said substrate; patterning said

silicon nitride layer to forma patterned silicon nitrj : avig_a
23 filling said first openingwithad'gﬁfko'%gér gﬂ
depositing a dielectric |ayer over said patterned sili 'q.pa

sai d conductive plug; patterning said diejectric |ayer|L 1’?0‘1‘ e pattern
havi ng an interconnect channel such that at least part ©

first opening;

dielectric | ayer

\'w

said interconnect channel lies over at |east part of said conductive plug;

depositing an

i nt er connect

and within said inter %Qprg%tshows the substrate of Figure 7 after a silicon oxynitride

10

15

20

passivation layer have been deposited over the patterned silicon dioxide

layer and the interconnects.

Figure 9 shows the substrate in Figure 7 after forming a second
interconnect level mcludmg a via and depositing a silicon oxynitride
passxvanon layer.

g.substrate
Figure 10 shows an-alternate-embodiment having a tungsten contact

plug and an aluminum interconnect layer.

Figure 11 shows the substrate.in Figure 10 after chemical mechanical
polishing to form interconnects within the interconnect channels.in

Figure 12 shows an alternate embodiment having encapsulated
copper interconnects.

Figure 13 shows a substrate having a tungsten éonta'ct plug and gold'
interconnects. in-accordance-with-an-alternate-embediment. |

| ayer over said patterned dielectric |ayer



channel ; patterning said interconnect layer to form
that said i nt er connect lies on at |east part of said
part of said patterned silicon nitride |ayer; renovi

C REPLACEMENT! nf
_ : _ sai d ﬁ
dielectric layer after said step of patterning said i nbg@e_gﬂ_iz; ...... | ; |land

depositing a diffusion barrier |ayer owetg said inte

i nt erconnect being encapsul ated by said patterned silicon nitride I

sai d conductive plug, and sai da dubgtustieoinc tejr

of claim 12, wherein sajd di.electri.c | aver cQODLLSES. ;08 ekial -6l
fromthe group cog%?ﬁf‘ﬁmdﬁu%ﬁx ge, - siTicon.
oxynitride, flu generflamygtabyiether thandoppearl can foedsed whiarai n sai d

ai-d it ercannect such

AL, Clelad

de,

|ri

ayer,
L met hod

con

first opening is a type selectegq - f th | St.i f
openi ng and a vi a B{SEIANASELS é%@‘%%&?ﬁﬂ%@g%loﬁpdhgggg&? b‘gg‘éﬁf"eﬁo(ewﬁ %EgEn t he

group

10

the chemical mechanical polishing works best with methods which are
deposited conformally, and is therefore preferably used with metals which
are CVD deposited or are otherwise reflowed. Although aluminum or
aluminum alloys, for example, are difficult to deposit conformally, they
can be used in the alternate embodiment described herein. Briefly
referring to Figure 3, the BPSG layer 22 and the silicon nitride layer 23
are deposited and pattemed to form the contact opening 30 to the N+
region 21. A tungsten layer is chemically deposited and anisotropically
etched to form a contact plug 100 as shown in Figure 10. A silicon dioxide
layer 101 is deﬁosited in the range of approximately 0.5-1.0 p thick and
patterned to form interconnect channels about 0.8 um wide. The silicon
nitride Ia);er 23 and the contact plug 100 act as etch stops during the

interconnect channel formation. An aluminum or aluminum alloy layer

- 102 is sputter deposited to a thickness of about 8000 A. The substrate is

20

25

30

chemically mechanically polished with the polishing solution described
above to remove the aluminum layer 102 that lies over the patterned silicon

dioxide layer 101 to form interconnects within the interconnect channels as

‘shown in Figure 11. Other additional interconnect levels may be formed

(not shown). A passivation layer comprising silicon oxynitride or
phosphosilicate glass is deposited over the uppermost interconnect level
(not shown). The aluminum interconnects are not encapsulated because
aluminum does not diffuse into siliéon dioxide as opposed to copper. Since
aluminum has a higher resistivity than copper, the line width of the '
aluminum interconnect of Figure 1 is greater than the line width of the
copper interconnects of Figure 9. The tungsten contact plug acts as a
diffusion barrier between the aluminum interconnect and the N+ region.
Therefore, silicon is not needed within the aluminum layer.

Figure 12 illustrates a further alternate embodiment that encapsulates
an interconnect so that it does not diffuse into adjacent layers. Briefly

referring to Figure 5, the substrate includes the N* region 21, the



consisting of a contact plug and a via plug, and said cong
conprises a material selected fromthe group consisting c
tantalum titaniumnitride, nolybdenum sili-cide, and pol
wherein said interconnect |ayer conprises a material sel§ )
group consisting of alum num al um num-aljoy copper, go e,
tungst en and nol ybdenum 24 14. The method of claim13, V\/nerel TS
di ffusion barrier layer conprises a naterial selected fromthe group
consisting of silicon nitride, silicon oxynitride, tantalum titanium
nitride, and nol yl;leaamnd BPSG layer 22, and tsiiiwdn nwideﬂmmzagtheamntaicnphgconnect

on a sem conduct or bst at.e co t S sjfing a silicon
nitride |ayer on §%‘f13 ing t{\e Eltamum tnge pager Ja?anc} t%%%un sten leaee &lt, ang

patterned silicon dioxide layer S0 (not shown in Figure 12) including
interconnect channels 51 (not shown in Figure 12) that are formed as
5 described above. A copper metal layer 120 is deposited over the patterned
silicon dioxide layer SO and within the interconnect channels 51 and
chemically mechanically polished with an alkaline polishing solution to
form copper interconnects 120 that lie on the contact plug and part of the
patterned silicon nitride layer as shown in Figure 12. The pattemed silicon
10 dioxide layer is removed and a second silicon nitride layer 121 is deposited
over the copper interconnects. A second silicon dioxide layex; 122 is
" deposited over silicon nitride layer and is planarized by, for example,
polishing. A silicon oxynitride passivation layer 123 is deposited over the
second silicon dioxide 122 and the second silicon nitride layer 121. The
15 copper interconnects are encapsulated by silicon nitride layers or the
- silicon nitride layers and the contact plug. Other materials such as
molybdenum or tantalum may be used in place of the titanium nitride layer
40 of the contact plug.. Also, molybdenum or tantalum may be used in
place of the second silicon nitride layer 121, with some additional
20 processing. Unlike the second silicon nitride layer 121, a molybdenum or
tantalum layer over the copper interconnects 120 must be formed such that
the top and sides of the interconnects 120 are covered, yet, the
interconnects must not be electrically connected to each other. This can be
done, for example, by an isotropic etching of material from the spaces or
25 by selective deposition. The second silicon nitride layer 121 should be used
with this embodiment to avoid the extra patterning step that may be
difficult to perform because of narrow spaces between interconnect lines.
" Other interconnect levels may be formed before the passivation layer is
deposited over the, substrﬁie. ' i .
. Figure 13 ﬁms—rf&nherﬂtem&te—en%bedﬂﬁemaehﬂ&g-ihe
avingthe N regiom . A BPSG ayér 130 is deposited to a
thickness of about 9000 A and patterned to form a contact opening about

30

0.5 um wide. A tungsten layer is chemically deposited over the pattemed



substrat e; patterning said silicon nitride |layer to forma patterned
silicon nt+ide—tayer naV|ng a first opening; filling ﬁ@ o 2

with a con 05|t|ng a dielectric layer jjo
silicon ni ‘E ﬂ& ai d conductjye plug; patte
| ayer to f * |electr|c | ayer having an

such that at |east part of said interconnect channel |ies over at
part of said conductive plug; depositing an interconnect [|ayer over
said patterned dielectric layer and within said interconnect channel;
patterning said interconnect |ayer tGLAGM® said interconnect such that said
i nterconflect lies on at |east part of said conductive plug and part of said
patternedl silicon nitride |layer, wherein said step of depositing

1. A method of forming an interconnect on a
semiconductor substrate comprising the steps of:

depositing a first dielectric layer on said
substrate;

patterning said first dielectric layer to form a
patterned first dielectric layer having a first opening;

filling said first opening with a conductive
plug; | " ,

depositing a second dielectric layer over said
patterned first dielectric layer and said conductive
plug;

patterning said second dielectric layer to form a
patterned second dielectric layer having an.interconnect
channel, wherein part of said interconnect channel lies
over at least part of said conductive plug, aqd wherein
at least the upper portion of said first dielectric layer
has a lower etch rate than said second dielectric layer
such that said first dielectric layer acts as an etch
stop; | '

depositing a barrier layer over said patterned
second dielectric layer and within said interconnect
Achannel; '

depositing a metal layer over said barrier layer;

polishing said substrate with a polishing
solution to remove that portion of said barrier and metal
layers that lie on said patterned second dielectric layer
fo form said interconnect within said interconnect
channel; and

" depositing a diffusion barrier layer over said

patterned second dielectric layer and said interconnect,
said metal layer being encapsulated by said barrier layer
and said diffusion barrier layer.




éaid'intereeﬁﬁee%—¥ayeF—eeanLses the steps of: dep05|t'

over said p ctrlc | ayer and within said i
and dep05|t |
diffusion b

over said barrier layer; gn
sald patt20ned diel ectricfflg
| nt er connect, sald netal Iayer bei ng encapsul ated by sai
sai d diffusion barrier |ayer. 25 16. The net hod of-?ﬁ?ﬁTﬁ"'
wherein daid barrier |layer conprises a material selected fromthe group

COPSint N9 pf tungsten:, JAHM UPe 1E1205UTM NI LAEIRinN SPIYMEiFE and
o yRaEnam sald second dielectric layers comprise a material
selected from the group consisting of silicon dioxide,
silicon nitride, silicon oxynitride, fluoropolymer,
parylene, and polyimide, and wherein said first opening
is a type selected from the group consisting of a contact
opening and a via opening, said conductive plug is a type
selected from the group consisting of a contact plug and
a via plug, and said conductive plug comprises a material
selected from the group consisting of tungsten, tantalum,
titanium nitride, molybdenum, silicide, and polysilicon.

3. The method of claim 1, wherein said ba;rier layer
comprises a material selected from the group consisting
of tungsten, tantalum, titanium nitride, niobium, and
molybdenum, wherein said metal layer comprises a material
selected ‘from the group consisting of aluminum, aluminum
alloy, copper, gold, silver, tungsten, and molybdenum,
wherein said polishing solution comprises ammonium
hydroxide and has a pH in a range of 9-13 and said
polishing continues until the surface of said substrate
is substantially planar, and wherein said diffusion
barrier layer comprises a material selected from the
group consisting of silicon nitride, niobium, silicon
oxynitride, tantalum, titanium nitride, and molybdenum.

4. The method as described in claim 1, wherein said
first dielectric layer comprises a lower layer comprising
silicon dioxide and an upper layer comprising silicon
nitride, said second dielectric layer comprises silicon
dioxide, and wherein said step of patterning said second
dielectric layer comprises the steps of:

forming a patterned photoresist layer on said
second dielectric layer, said patterned photoresist layer
exposing a portion of said second dielectric layer;

etching said exposed portion of said second




wher ei n sail-d—wretat—tayer—conprises a material selected fromthe group

consi sting of ' l.um num al | oy, copper, gold, si
and nol ybd ruﬁ mqmamauwsau d diffusion barrier layer
materi al sel L xgroup consi i ng of silicon

oxynitride, tantalum titaniumnitride, niobium and noljj
sem conduct or device conprising: a sem conductor substratre;, —&ap= €
silicon nitride | ayer disposed on said. substrate, said patterned silicon
nitride. - layer i g Lrs pening; - a conductive plug within said
first op mqifi%§?%&€e%%¥%kdiép ctric layer disposed on said patterned
silicon [ nitride rémgving sgdiddpatemned @hatateskst cla¥§Er having an

i nterconnect channel lying over at |east part of said conductive plug and
at | east ' )

5. The method as described in claim 3, wherein said
metal layer comprises copper.

6. The method as described in claim 3, wherein said
barrier layer comprises titanium nitride. '

7. A method of forming an interconnect on a
semiconductor substrate comprising the steps of:
. depositing a first dielectric layer on said

substrate;

patterning said first dielectric layer to form a
first dielectric layer having a first opening; _

filling said first opening with a conductive
material;

depositing a second dielectric layer on said
first dielectric layer and said conductive material,
wherein at least the upper portion of said first
dielectric layer has a lower etch rate than said second
dielectric layer;

patterning said second dielectric layer to form a
patterned second dielectric layer having an interconnect
channel, at least a portion of said interconnect channel
overlying at least a portion of said conductive material;

depositing an interconnect by depositing a
barrier layer over said patterned second dielectric layer
and within said interconnect channel, and depositing a
metal layer over said barrier layer, wherein said
barrier layer is a barrier to diffusion of said metal
layer;

polishing said substrate with a polishing
solution to remove that portion of said interconnect
layer that 1lies on said patterned second dielectric
layer to form said interconnect within said interconnect




ﬁart of said—paLLELnﬁQ_§LLL%%Q_nitride layer; an interconnect lying within

said interconnect channel; erein said interconnect incltdes a barrier

| ayer |vying jmunﬂm"mm nd wal | s of said interconngchgg
metal |ayer o l"m'rl ayer; aggdiffusion barrier

sai d interconnecf ahd %aid patterned |l ayer, said interc .
encapsul ated by said barrier |ayer and said diffusion barter Lgyet: -
The device of <claim 17, wherein said first opening is a type
selected¢fromthe group consisting of a contact opening and a via opening,

sai d conquctheangllyg is a type selected fromthe group consisting of a
contact glug and a HethdVitly ik S o HSE L¥ErPEUSayer; and
depositing a diffusion barrier layer over said
interconnect such that said metal layer is encapsulated
by said barrier layer and said diffusion barrier layer.

8. : The method of claim 7, wherein said second
dielectric layer comprises material :selected from the
group consisting of silicon dioxide, silicon nitride,
silicon oxynitride, fluoropolymer, parylene, and
polyimide, wherein said metal layer comprises a material
selected from the group consisting of aluminum, aluminum
alloy, copper, gold, silver, tungsten, and molybdenum,
and wherein said polishing solution compriseé ammonium
hydroxide and has a pH in a range of 9-13 and said
polishing continues until the surface of said substrate
is substantially planar.

9. The method of claim 8, wherein said diffusion
barrier layer comprises a material selected from the
group consisting of silicon nitride, silicon oxynitride,
tantalum, titanium nitride, niobium, and molybdenum.

10. The method as described in claim 7, wherein said
second dielectric layer comprises silicon dioxide and
said metal layer comprises copper.

11. The method as described in claim 10, wherein said
barrier layer comprises titanium nitride.

12. A method of forming an interconnect on a
semiconductor substrate comprising the steps of:
depositing a silicon nitride layer on said
substrate;
patterning said silicon nitride layer to form a
patterned silicon nitride layer having a first opening;




conpri ses a_ﬁﬁL@LL&LJﬂﬁiﬂx{%F++0n1the group consisting

tantalum titaniumnitride, ybdenum silicide, and p
in said patte mm‘mnﬁ Il“: l‘ayer conprises a nateri al
group consist[uﬂ oxi de, 28licon nitride,

oxynitride, Flubrobolyner . paryl ene, and polyimd
barrier layer conprises a material selected fromthe group consi
tungsten, tantalum titaniumnitride, niobium and nolybdenum and wherein
said netfal layer conprises a material selected fromthe group consisting of
al uni nuny al uni numfalildyng cemisk | fddist onendmg t Widdt ed af@PMNISHHE UM and

wher ei n aP glffu5|on barrier |ayer conprlses a material selected fromthe
group co st

0 PRSI oot e AT And ASte kLS TR K e sk ligngd {21 7
i nterconpeghliedn %rﬁiﬂdéﬂkhyéfwaﬁwbséidteoneubtnaatpahby as herei nbefore
patterning said dielectric layer to form a
patterned dielectric layer having an intercoannect channel
such that at least part of said interconnect channel lies
over at least part of said conductive plug;
depositing an interconnect layer over said

patterned dielectric layer and within said interconnect

channel;
| patterning said interconnect layer to form said
interconnect such that said interconnect lies on at least
part of said conductive plug and part of said patterned
silicon nitride layer;
removing said patterned dielectric layer after
said step of patterning said interconnect layer; and
depositing a diffusion barrier layer over said
interconnect, said interconnect being encapsulated by
said patterned silicon nitride layer, said conductive
plug, and said diffusion barrier layer.

13. The method of claim 12, wherein said dielectric
layer comprises a material selected from the group
consisting of silicon dioxide, silicon nitride, silicon
oxynitride, fluoropolymer, parylene, and polyimide,
wherein said first opening is a type selected from the
group consisting of a contact opening and a via opening,
said conductive plug is a type selected from the group
consisting of a contact plug and a via plug, and said
conductive plug comprises a material selected from the
group consisting of tungsten, tantalum, titanium nitride,
molybdenum, silicide, and polysilicon, and wherein said
interconnect layer comprises a material selected from the
group consisting of aluminum, aluminum alloy, copper,

gold, silver, tungsten and molybdenum.



described with reference to Figs. 1-9 and 12 of the acconpanyi ng draw ngs.
20. A “sem conduct or devi ce substantially
described wit gs. 1-9 and 12 of the a
- 27 - sil verq ﬂﬂmmﬂﬂum” | ybdenu@gand wherei n sai
| ayer conprises ac matem als sé&l ected fromthe group co
nitride, silicon oxynitride, tantalum titaniumnitri

nol ybdenum 30. A nethod of formi ng an interconnect channel on a
sen1conductor substrate substantlally as herei nbefore described with

ref erenclp t he aggonpan ndyl r

subst ant Iagy as hersi ﬁBEﬁ&Pg scF?géE vel]%'h ‘r’ggglfagglce %Eéat r%efé%'g%lrr%%nyl ng
drawi ngs] barrier layer comprises a material selected from the
group consisting of silicon nitride, silicon oxynitride,
tantalum, titanium nitride, and molybdenum.

15. A method of forming an interconnect on a
semiconductor substrate comprising the steps of:

depositing a silicon nitride layer on said
substrate;

patterning said silicon nitride layer to form a
patterned silicon nitride layer having a first opening;

filling - said first opening with a conductive
plug; '

depositing a dielectric layer over said patterned
silicon nitride layer and said conductive plug;

‘patterning said dielectric layer to form a
patterned dielectric layer having an interconnect channel
such that at least part of said interconnect channel lies
over at least part of said conductive plug;

depositing an interconnect layer over 'said
patterned dielectric layer and within said interconnect
channel;

patterning said interconnect layer to form said
interconnect such that said interconnect lies on at least
part of said conductive plug and part. of said patterned
silicon nitride layer, wherein said step of depositing
said interconnect layer comprises the steps of: '

depositing a barrier layer over said patterned
dielectric layer and within said interconnect channel;
and

depositing a metal layer over said barrier layer;
and

depositing a diffusion barrier layer over said
patterned dielectric layer and said interconnect, said
metal layer being encapsulated by said barrier -layer and
said diffusion barrier layer. '
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16. The method of c¢laim 15, wherein said barrier
layer comprises a material selected from the group
consisting of tungsten, tantalum, titanium nitride,
niobium, and molybdenum, ' '
wherein said metal layer comprises a material
selected from the group consisting of aluminum, aluminum
alloy, copper, gold, . silver, tungsten, and molybdenum,
and |
| wherein said diffusion barrier layer comprises a
material selected from the group consisting of silicon
nitride, silicon oxynitride, tantalum, titanium nitride,
niobium, and molybdenum.

17. A semiconductor device comprising:

a semiconductor substrate;

_ a patterned silicon nitride layer disposed on
said_msubstrate, said patterned silicon nitride- layer
having a first opening;

a conductive plug within said first opening;

a patterned dielectric layer disposed on said
patterned silicon nitride layer, said patterned
dielectric layer having an interconnect channel 1lying
over at least part of said conductive plug and at least
part of said patterned silicon nitride layer;

an interconnect 1lying within said interconnect
channel; wherein said interconnect includes

a barrier layer lying along the bottom and walls
of said interconnect channel and '

a metal layer over said barrier layer;

a diffusion Dbarrier layer disposed on said
interconnect and said patterned layer, said interconnect
being encapsulated by said barrier layer and said
diffusion barrier layer.
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18. The . device of claim 17, wherein said first
opening is a type selected from the group consisting of
a contact opening and a via opening, said conductive
plug is a type selected from the group consisting of a
contact plug and a via plug, and said conductive plug
comprises a material selected from the group consisting
of tungsten, tantalum, titanium nitride, molybdenum,
silicide, and polysilicon, wherein in said patterned
dielectric layer comprises a material selected from the
group consisting of silicon dioxide,  silicon nitride,
silicon oxynitride, fluoropolymer, pa;yiene( : and. .
polyimide, wherein said barrier- layer comprises a -
ﬁaterial selected from the group consisting of :tungsten,
tantalum, titanium nitride, niobium, and molybdenum, and
wherein said metal layer comprises a material selected
from the group consisting of aluminum,” aluminum alloy,
copper, gold, silver, tungsten and molybdenum and wherein
said diffusion barrier layer comprises a material
selected from the group consisting of silicon nitride,
silicon oxynitride, tantalum, titanium nitride, niobium
and molybdenum.

19. A method for forming an interconnect on a
semiconductor substrate, substantially .as hereinbefore
described with reference to Figs. 1-9 and 12 of the
accompanying drawings.

20. "A semiconductor device substantially  as
hereinbefore described with reference to Figs. 1-9 and 12
_.of the accompanying drawings.



