- e

A METHOD FOR FORM NG CONTACTS AND VI AS W TH | MPROVED G@&Rl &%~
BARRI'ER METAL STEP- COVERAGE BACK %L} T

| NVENTI ON (1) Field of the Invention The i nvdﬁﬁ@%@&’?l at es
to processes for the manufacture of sem conductor devices and nore
particularly to processes for formpg oetal contacts and Vias.

A METHOD FOR FOﬁMING CONTACTS AND VIAS WITH IMPROVED
BARRIER METAL STEP- COVERAGE

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to processes for the manufacture of semiconductor

devices and more particularly to processes for forming metal contacts and Vias.

(2) Description of prior art
A
The use of tungsten in the fabricating of very-large-scale-integrated(VLSl)
circuits has been practiced since the mid 1980s. As a conductive material
- tungsten does not rank as high as aluminum, which has been the primary
conductor used in micro-circuit chip technology for nearly forty years. On the

other hand, tungsten provides many features which make it an important



(2) Description of prior art The use of tungsten in the
fabricating of very-large-scale-integrated(VLSI) <circuits has been
practiced since the md 1980s. As a conductive material tungsten does not
rank .as high as al um num which has been the primary conductor used in
mcro-circuit chip technology for nearly forty years. On the other hand,
tungsten provi des many features whi ¢h nmake it an inportant

-2- material for fabricating netal-to-silicon contacts as well as via

plugs for malgdtgrialiibf Rbricang méBlRLsikRnRaticl s wtinas BalegPRe nakidgungst en
I s deposited i nto contact

inter-level metal connections. In this capacity tungsten is deposited into contact

or via openings, and anisotropically etched to the insulating layer, leaving

tunigsten in the openings.

Chemical-vapor-deposited{CVD) tungstén has proven to be an excellent
material for such interconnect applications because of its low resistance, low
stress(less than 5x10° dynes/cm?), and a coefficient of thermal expansion which
closely matches that of silicon. In addition tungsten has a high resistance to
electromigration which is a common problem with aluminum its alloys. CVD
tungsten can be deposited at temperatures around 400°C with good conformity
and step coverage.

Although tungsten does not pond well to either silicon or to the adjacent
silica based insulating layer, a thin layer{less thén 1,000 Angstroms) of

titanium(Ti) Is often used as a bonding agent to the silicon. Dixit et.al.



or, via,openings, and anisotropically etched to the insulating |ayer,

| eaving tungsten in the openings. Chem cal - vapor - deposi t ed( CVD)
tungsten has proven to be an excellent material for such interconnect
applications because of its |low resistance, |low stress(less than 5x10[err]
dynes/cnierr]), and a coefficient of thermal expansion which closely

mat ches that of silicon. In addition tungsten has a high resistance to
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conformty and step coverage. Al t hough tungsten does not bond

vel | to eithejong} z—%fé’?:t Fblidvied bﬂ@ﬁlﬁémumldlﬁtd@ Ty RHichet #fa ng | ayer, a
thin layer(less t 1 OOOdv%ngss}t%r%gs (T

diffusion barrier to prevent dopants from passing from the silicon as well as

spiking of metal into the silicon. The Ti layer, when thermaily annealed, fuses

with the silicon to form titanium silicide(TiSI,) and with the sllica based insulating

layer to form a titanium silicate(TixSiOy}. Adhesion of the TiN to the Ti and

subsequently to the tungsten is considered excellent.

The Ti-TiN-W composite tungsten plug metallurgy has been widey
. accepted and various techniques for its formation have been described. In the
earliest teachings such as those of Dixit et.al., the Ti an TiN layers were
deposited by sputtering, although CVD is also c!%imed. The sputtering can be
accomplished by first sputtering a titanium target with argon to form the Ti layer
and then admitting nitrogen, thereby sputtering reactively, to form the TiN layer.
Alternatively, a multi-target sputtering tool can be used having a Ti target and a

TiN target so that the layers may be deposited during a single evacuation cycle



titaniun(Ti) is often used as a bonding agent to the silicon. Dixit etal.

-3- US4, 960, 732 describe the formation of a tungsten plus contact

utilizing Ti as a bonding agent, followed by a |ayer of titanium

nitride(TiN) which acts as a diffusion barrier to prevent dopants from

passing fromthe silicon as well as 4spiking of netal into the silicon. The

Ti layer, when thermally annealed, fuses wth the silicon to formtitanium
| ayer to forma

silicide(TiSi [ber ; andtavvi th the silica based insulating
: : i gﬂ" v sthds . il T e Ti
titaniumsili t%} [ngrtangstsayithin tHe. todk Sasdezsive depgﬁp.a}l, B thQ i ey tl%q—ﬁ&d

subsequently to the tungsten is considered excel
netal | urgy has been w dely

Ti - Ti N W conpogyeh& gl PS80 Pl U '
. yerS dbtHiPa SRgIpunodown Is desirable because exposure of the Ti layer
to atmosphere will immediately result in the formation of a native oxide layer
which can compromise the resistivity of the contact if not removed prior to the

deposition of the TiN.

The good conformity and step coverage afforded by tungsten is due in
large part to the nature of the deposition process itself. In the CVD process,
particularly with low—pressure-chemical-vapor-depositfon(LPCVD), the chemfcal
reaction which forms the product occurs at the heated surface of the materia
recelving ihe deposition. Physical~vapor—deposition(PVD) processes such as
evaporation or sputtering, on the other hand, cannot provide such conformity
and edge coverage because the material being deposited arrives from discrete
regions distant from its final location. This lends directionality to the process and
Consequently those regions of a recelving substrate which face the source of the

Particle stream receive a greater amount of deposit than those topological



accepted and various techniques for its formation have been described. In
the wearliest teachings such as those of Dixit et.al., the Ti an TiN | ayers
were deposited by sputtering, although CVDis also clainmd. The sputtering
can be acconplished by first sputtering a titaniumtarget with argon to
formthe Ti layer and then adm tt+rig-nitrogen, thereby sputtering
reactivély, to formthe TiNlayer. Alternatively, a multi-target
sputtering tool can be used having a Ti target and a Ti N target so that
the | ayers may be deposited during a single evacuation cycle

-4- by  fastiire8indOndiid & the\drtidiéstréemt ool . Successive deposition of the
Ti and the Ti N | ayers during a single punpdown is desirabl e because
exposure of the Ti |ayer to atnosphere will imediately result in the

formati on of a native oxide |ayer

A computer simulation of fitm deposition by dc magnetron sputtering into
an opening similar to that used for integrated circuit contacts is shown in Fig.1
(adapted from S.Wolf and R.N.Tauber, "Silicon Proc.'essing for the VLSI Era",
Vol.l, Lattice Press, Long Beach,CA,(1986) p.368). A layer of material 8 of
nominal thickness t, is sputter deposited onto a substrate material 6 having an
opening with base w and height h. The step coverage is defined by the minimum
thickness of the film t, divided by its nominal thickness t, expressed in percent.
In this example the opening has a taper expressed by the angle 90-0 which
favors better step coverage than the vertical walled contact openings under

consideration here.

The minimum thickness in the contact openings occurs near the base as
is also shown in Fig.2A. Openings with a high aspect ratio h+w(Fig.1) can have

insufficient coverage along the base corners of the opening. Step coverage can



whi ch can conprom se the resistivity of the contact if not renoved prior to
the ° deposition of the Ti N The good conformty and step
coverage afforded by tungsten is due in | arge part to the nature of the
deposition process itself. In the CVD process, particularly with

| ow pressur e-chem cal - vapor - depositg on( LPCVD), the chem cal reaction

whi ch forns the product occurs at the heated surface of the nateri al

recei ving the deposition. Physical -vapor-depositon(PVD) processes such as

evaporation or sputtering, on the other nd, .C ot provi de such
conformity benlnpsenes tospaeRderidyhgating ﬂ&g éer'?'g&s@gg‘f‘fﬁsﬂg%i ted arrives

fromdiscrete regions distant fromits final location. This |ends
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greater amount of deposit than those topol ogical

Consequently the sputtering processes for the deposition of Ti and TiN

have the shortcomings of poor step coverage. This §§ iltustrated in a prior art
cross section of a contact opening shown in Fig.2A. A semiconductor wafer 10,
having an active area diffusion 12 has an insulating layer 14 into which an
opening 15 has been made and a thin layer of Ti 18 followed by a thicker layer
of TiN 18 have been deposited by sputtering. Inadequate step coverage causes
cusps 20 to form at the entrance of the opening 15. A subsequently deposited
tungsten layer, which is postured to fill the opening 15, prerr{aturely pinches off
before the lower portion of the opening 15 is filled. The result is a void 26 shown
in Fig.2B, When the tungstén layer is etched back into the insulating layer 14,
completing the formation of the tungsten piug contact, the void 26 may be
exposed creating a potential reliability defect. Exposed voids are highly

susceptible to absorption of moisture or other corrosive contaminants.

Chen US5,462,895 also points out this step coverage shortcamina hut



5. features not normal to the particle stream A conput er

‘si nul‘ation of film deposition by dc magnetron sputtering into
simlar to that used for
(adapted from S. Wl f and R N. Tauber,
Vol .1, Lattice Press, Long Beach, CA ¢£1986) p.368). A layer of materi al
nom nal thickness t[err]

havi ng an
by the mni

have been observed by scanning-electron-microscopy(SEM). They have also

" been encountered by Cheffings et.al. US5,387,550 who, rather than seeking to

avoid them, treats them after-the-fact by over-etching the tungsten plug into the
void and filling the void and the top of the opening with polysilicon. In doing so"

they also etch deeply into the TIN along the walls of the contact openings.

Chen resolved the edge coverage problem by using CVD for the
deposition of the Ti and TiN layers, thereby achieving better conformity.
However, because of thermal budget, av_ailability, and other processing

restraints, CVD is not always a viable option.

Yamada US5,470,792 and Matsuura US5,420,070 disclose methods for
the formation of Ti and TiN layers within contact and via openings where
tungsten plugs are used. They do not, however, disclose the use of chemical-
mechanical- polishing(CMP) in combination with spin-on-glass(SOG}) to form

improved contacts or vias as is disclosed by this invention.

an openi ng
integrated circuit contacts is shown in Fig.1
"Silicon Processing for the VLS

Era",
8 of

IS sputter deposited onto a substrate nmaterial 6
opening with base w and height h. The step coverage is defined

.

t[err] expres
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In this'exanpl e the opening has a taper expressed by the angle 90-[err]
which favors better step coverage than the vertical walled contact

openi ngs under consi deration here. The m ni numt hi ckness in the
contact openings occurs near the base as is also shown in Fig.2A Openings
with a high aspect ratio h[err]wWFi g B)-can have insufficient coverage

al ong the base corners of the opening. Step coverage can

- 6- be i nproved tFo so&e extent by heating of the wafer. This all ows
surface migrati onFréf applicatieposhdre TayeYey 0 occur, thereby inproving
conformty. ARG rfctalifatin IS applied into the

o en' * H *
Penings, whether contacts or vias, similar problems are encountered

f » ‘ A/ ; H l E d 4 j ) r s

known to cause aluml'rlum migration leading to junction spiking




Consequently the sputtering processes for the deposition of Ti and Ti N

have the shortcom ngs of poor step coverage. This is illustrated in a prior
art cross section of a contact opening shown in Fig.2A A sem conduct or

waf er 10, having an active area diffusion 12 has an insulating |ayer 14
into which an opening 15 has been-n@de and a thin |ayer of Ti 16 foll owed
by a thicker layer of TiN 18 have been deposited by sputtering. |nadequate
step coverage causes cusps 20 to format the entrance of the opening 15. A

subsequent |y deposited tungs r ' k= tured to fill the
openi ng 15, prematurely pi nch§w$ﬁ?l)%§mgqugmg r portion of the
opening 15 is filled. The result is a void 26 shown |In Fig.2B. Wen the
tungsten layer is etched back into the insulating |ayer 14, conpleting the
formation of the tungsten plug contact, the void 26 nay be exposed
creating a potent Aatondingiylitiis atpurphsead this Rvpalieritompdde arreethid fidry
susceptible to absorption of noisture or other corrosive contam nants.
forming void-free, low resistance tungsten plug contacts and vias within
openings having a Ti-TiN metallurgy deposited by PVD techniques such as

sputtering.

It is also an object of this invention to provide a method for forming void-
free, low resistance aluminum contacts and vias within openings having a Ti
metallurgy deposited by PVD techniques such as sputtering. Aluminum or
aluminum alloys in these applications may be deposited using metal-organic-

chemical-vapor-deposition(MOCVD) techniques.

it is a further purpase of this invention to provide a method to remove
cusps or encroaching overhangs of materiai atthe tops of openings h';ving high

aspect ratios.

The method utilizes an initial insulating layer deposited thicker than the
final design thickness. After forming the contact openings, a Ti/TiW or TH/TIN

barrier/glue layer is sputter deposited and spin-on-glass is deposited to partially



Chen USH, 462, 895 al so points out this step coverage shortcom ng but

-7- does not indicate the occurrence of voids in the tungsten. However,
such voids have been observed by scanni ng-el ectron-m croscopy(SEM . They
have al so been encountered by Cheffings et.al. US5,387,550 who, rather
than seeking to avoid them treats tABmafter-the-fact by over-etching the
tungsten plug into the void and filling the void and the top of the
opening with polysili.con. In doing so they also etch deeply into the Ti N

| h | f th i ) . .
along the wal b of it Copenings. TR6 Taye? is next thinned to design thickness by

chemical-mechanical-polishing(CMP). This polishing procedure removes the
* encroaching cusps as well as the barrier/giue layer on the upper surface, After
removal of the SOG, a second layer of Ti or Ti/TiN is deposited to cover the

surface and tungsten is next deposited in customary fashion,



Chen resol ved the edge coverage problem by using CVD for the deposition of
the Ti and Ti N | ayers, thereby achieving better conformty. However,
because of thermal budget, availability, and other processing restraints,
CVvD is not always a viable option. Yamada US5, 470, 792 and

Mat suura US5, 420, 070 di scl ose nethods fog; the formation of Ti and Ti N

| ayers within contact and via openi ngs ere tungsten plugs are used. They
do not, however, disclose the use of chem cal- nechanical- polishing(CW)

in conbination with spi n-ogng@WTm b%rfﬁeidR&WYﬁgsCO”t acts or vias

as i1s disclosed by this invention.

Fig. 1 is a cross section of layer of material deposited into an opening

by de magnetron sputtering as calculated by a computer simulation,

FIG. 2A and Fig. 2B are cross sections of the steps of a prior art process

for forming tungsten plug contact with sputtered Ti-TiN barrier metallurgy.

Fig. 3A through Fig. 3F are cross sections of the steps of the process for
forming a tungsten plug contact with sputtered Ti-TiN metallurgy as taught by a

first embodiment of this invention.

Fig. 4A through Fig. 4D are cross sections illustrating a second

embodiment of this invention.

Fig. 5A through Fig. 5E are cross sections Hlustrating a third embodiment

of this invention.



For apptications where alum numnetallization is applied into the

openi ngs, whether contacts or vias, simlar problens are encountered.
Referring again to Fig. 2A, coverage of TiNin the vicinity of the base
corners 22 of the opening 15 can be precariously thin so as to place the
barrier functionality of the layer at-rli2sk. \Wen contacts are invol ved,

I nadequate barrier function is known to cause al um num m gration | eading
to junction spiking. SUMVARY OF THE

I NVENTI ON
DESCRIPTION OF THE PREFERRED EMBOD_IMENTS

In a first embodiment of this invention the formation of a contact is
accomplished and the reader is referred to the cross section shown in Fig. 3A.
A p-doped <100> oriented monocrystalline siticon wafer 10 is provided. Using
standard processing techniques familiar to those in"&he integrated circuit
manufacturing industry, semiconductor devices such as self-aligned polysilicon
gate field-effect-transistors, are formed within the surface of the silicon wafer.
The heavily doped source and drain implants of arsenic or phosphorous 12
comprise the active areas of these devices to which metallic contacts are to be

formed.

At the point of insertion of this invention a insulating layer of
borophosphosilicate glass(BPSG) 14 between 1.0 and 1.5 microns thick has
been deposited onto the silicon surface and contact opening 15 has been
patterned and etc;hed into it using reactive-ion-etching(RIE). The initial thickness
of the BPSG layer is between about 25% and 35% greater than its final design
thickness which is represented in the figure by the dashed line 24. The '
photoresist mask used to pattern the contact opening 15 is next removed by

oxygen plasma ashing and wafer is given a dip etch in hydrofluoric acid(HF)



Accordingly, it is a purpose of this invention to provide a nmethod for
formng void-free, | ow resistance tungsten plug contacts and vias within
openings having a Ti-Ti N netal |l urgy deposited by PVD techni ques such as
sputtering. It is also an object of this invention to provide a
method for formng void- free, |ow resiktance alum num contacts and vi as
wi thin openings having a Ti netal lurgy deposited by PVD techni ques such as
sputtering. Al um num-or alumnumalloys in these applications may be

deposi ted using,nmetal -organj ¢-_. chenl cal -vapor - deposi.ti on( MOCVD .
t echni ques. Yiluted apprqﬂq\ggegy ?%fﬂﬁ@?’“@%‘ﬁ&%@é‘&% g‘?%’?i‘“’ﬁ%‘)&ﬁf‘i%@%f&md’# ovi de
a nethod to renopve cusps or encroaching overhangs of material at the tops

of openings hahEoHAePPeRNgcts: rati os.

A layer of Ti 16 between 400 and 800 Angstroms thick and a layer of TiW
18 between 1,500 and 2,500 Angstroms thick are deposited over the wafer by
sputtering. The two layers are deposited sequentia:ﬂy, without breaking vacuum,
in a multi-target sputtering tool having a Titarget and a TiW target utilizing
argon. Rapid-thermal-annealing(RTA} in nitrogen at about §70°C for about 30
seconds activates the carriers in the sili;on and formé a strong chemical bond to

the Ti.

The cusps 20 develop in the upper portion of the contact opening 15 and
as they grow during the deposition, the ability of material to cover the lower
portions of the opening 15 is further impaired. The lower corners 22 of the
opening 15 are particularly vulnerable to inadequate coverage and present a

risk of barrier failure.

Referring next to Fig. 3B, a spin-on-glass(SOG) 26, is applied using a
commercial wafer spinning apparatus with an adjustable spinrate and a

dispensing nozzle located above the wafer center. The application procedure



The method utilizes an initial insulating |ayer deposited thicker than the
final design thickness. After formng the contact openings, a Ti/TiWor
Ti/TiN barrier/glue |ayer is sputter deposited and spin-on-glass is
deposited to partially - 10 -
fill the contact openings. The | ayert4di s next thinned to design thickness by
chem cal - nechani cal - pol i shing(CVMP). This polishing procedure renoves the
encroaching cusps as well as the barrier/glue |l ayer on the upper surface.
After renovatonsists bfamipng thesSOCsblttioneat agireHetarmirkd spimrats; réeovingt ed to
cover the surface and tungsten is next deposited in customary fashion.

the wafer and placing it to bake successively on three hot plates set at 100°C,

* 160°C and 250°C for about one minute on each. This procedure gradually
drives out the solvent and performs a partial curing. A single coat consisting of

about 4,000 to 6,000 Angstroms of SOG is applied.

As is illustrated in Fig. 3B, The SOG 26 fills in the_contact opening 15to a
level which is above the dashed line 24 representing the final design thickness
of the insulating layer 14. The SOG provides protection of the opening 15 and
its barrier metal lining from damage and contamination during subsequent CMP

processing.

Next the wafer undergoes CMP which removes the upper portion of
material until‘the dashed line 24 is reached. CMP is a procedure that has
become well known in the art and will therefore not be discussed in detail here.
Determination of endpoint for the CMP may be accomplished by monitoring the
thickneés of the insulating layer 14 during poliéhing although, by proper
calibration, a timed CMP can achieve the target thickness io an acceptable
measure. The cusps 20 which encroach into the opening 15 are effectively

removed by the CMP.



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a cross section of a
| ayer of material deposited into an opening by dc magnetron sputtering as

cal cul ated by a conputer sinulation. FIG 2A and Fig. 2B are
cross sections of the steps of a prjigor art process for form ng tungsten
plug contact with sputtered Ti-Ti N barrier netall urgy. Fig. 3A

through Fig. 3F are cross sections of the steps of the process for
Aﬁé-r polishing, the residual SOG is removed from the opening 15 by
dipping the wafer into 50:1 to 100:1 dilute HF for about 20 to 30 seconds, Fig.
" 3C shows the contact opening at this juncture. The insulating layer 14 is a tits

final design thickness 24 and the opening 15 is un-obstructed.

Referring next to Fig. 3D, a TI/TiN barrier/glue layer 30 is next deposited
over the wafer by sputtering. This layer forms an additional coating within the
opening 15 and re-enforces the lower corners 22 of the opening 15 and thereby
reduces the risk of barrier failure. If tungsten plugs are to be used the glue layer

comprises TITIN

Referring now to Fig.3E, a layer of tungsten 40 nominally between 3,000
and 5,000 Angstroms thick is deposited over the wafer by LPCVD ata
temperature of between about 450°C and 550°C using tungsten
hexafluoride(WF,) with silane and with hydrogen. The deposition is carried out in

a cold-walled, low temperature LPCVD reactor.

Because the walls of the contact opening 15 have been rendered
essentially vertical by the removal of the cusps, the tungsten deposition fills the

contact opening without leaving voids. The tungsten layer 40 is patterned with



formng a tungsten plug contact with sputtered Ti-Ti N netallurgy as taught

by a first enbodi nent of this invention. Fig. 4A through Fig.
4D are cross sections illustrating a second enbodinent of this invention.
Fig. 5A through Fig. 5E are cross sections illustrating a third enbodi nent
of this invention. - 16 - - 12 -

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
photoresist in the conventional manner and etched back to the glass insulating
layer 14 to define the completed tungsten plug 42 shown in cross section in

" Fig3F.

The tungsten plugs are subsequently contacted by the preferred
Interconnection metallurgy, which typically consists of an aluminum alloy,

deposited and patterned on the surface of the insulating layer.

A second embodiment of this invention deals with the formation of vias.
Vias, unlike a contacts, generally do not require the special precautions taken to
form stable ohmic contacts to silicon. In addition, via openings generally do not
have the minimal size restrictions of contacts. Although, in their earliest
utilization, tungsten plugs were applied only to contacts, they have recently
become preferred for via connections as well. Tungsten plugs as described in
the first embodiment can also be utilized for the formation of via connections

between metallization layers.

The second embodiment describes a method for the formation of vias
using tungsten plugs. A p-doped <100> oriented monocrystalline silicon wafer

10 is provided. Using standard processing techniques familiar to those in the



In a first enbodinent of this invention the formation of a contact is
acconplished and the reader is referred to the cross section shown in Fig.
3A. A p-doped <100> oriented nonocrystalline silicon wafer 10 is provided.
Usi ng standard processing techniques famliar to those in the integrated
circuit manufacturing industry, senizenductor devices such as self-aligned
polysilicon gate field-effect-transistors, are formed within the surface
of the silicon wafer. The heavily doped source and drain inplants of

arseni ¢ or phipsedrateduircd2 mapORRINRE industracdamicorrduets delickheseh alewéifes to

which netallic contacts are to be forned. At the point of
insertion of jfdred goiAMIcoR Bats fidld dHatitRsISEHS! ardfornkRf WIBHIR BRI Rtdcb Gt €
gl ass(BPSG 14rgoetv@\e'ﬁwfb0©and 1.5 mcrons thick has been deposited onto

the silicon.syifafonifler Cohiitts 83/ thIh&8fcdf8Evices and.

At the point of insertion of this embodiment, any polysilicon levels are in
place and a at least one level of interconnection metallization 54 has been
deposited and patterned. The layer 52 represents a plurality of structural
components layered beneath a metal layer §4. These comprise polysilicon levels
which form components of MOS field-effect-transistors and their local
interconnects. An insulative layer 56 of BPSG between about 1.0 and 1.5
microns thick is deposited over the metallization. The thickness of this layer, as
deposited, is about 30% thicker than the final design thickness of the insulative
layer. The final design thickness of the layer 56 is represented by the dashed

line §8.

A via 80 is patterned with photoresist and formed by anisotropic etching,
for example by RIE. After removal of the photoresist , a layer of Ti 62 between
400 and 800 Angstroms thick and a layer of TIW 64 between 1,500 and 2,500
Angstroms thick are deposited over the wafer by sputtering. The two layers are

deposited sequentially, without breaking vacuum, in a multi-target sputtering tool



patterned and etched into it using reactive-ion-etching(RIE). The initial

t hi ckness of the BPSG | ayer is between about 25% and 35% greater than its
final design thickness which Is represented in the figure by the dashed
line 24. The photoresist nmask used to pattern the contact opening 15 is
next renoved by oxygen plasnma ashing gnd wafer is given a dip etch in

hydr of | uori c aci d( HF) - 13 -
di luted approximtely 50:1 with water to renove any native silicon oxide
r of Ti 16 between 400 and

filmin the chavingla OREGENSdS Ti
800 Angstrons thi gg ang&g | ayer Té)vy tq:lg\% u%m@%%@g@n 1,500 and 2, 500
Angstrons thick are deposited over the wafer by
- Asiin the first embodiment, cusps 20 develop in the upper portion of the
contact opening 60 and as they grow during the deposition, the ability of material
to cover the lower portions of the opening 80 is further impaired. The lower
corners 22 of the opening 60 are particularly vulnerable to inadequate coverage

and present a risk of barrier failure.

Referring next to Fig. 4B, a spin-on-glass(SOG) 66, Is applied using a
commercial wafer spinning apparatus with an adjustable spin rate and a
gﬁspensing nozzle located above the wafer center. The application procedure
consists of applying the SOG solution at a pre-determined spin rate; removing
the wafer and placing it to bake successively on three hot plates set at 100°C,
160°C and 250°C for about one minute on each. This procedure gradually
drives out the solvent and performs a partial curing. A single coat consisting of

about 4,000 to 6,000 Angstroms of SOG is applied.

As [s illustrated in Fig. 4B, The SOG 686 fills In the contact opening 60 to a
level which is above the dashed line 58 representing the final design thickness
of the insulating layer 56. The SOG provides protection of the opening 60 and

its metal lining from damage and contamination during subsequent CMP



sputtering. The two | ayers are deposited sequentially, w thout breaking
vacuum in a nulti-target sputtering tool having a Ti target and a TIiW
target utilizing argon. Rapid-thermal-annealing(RTA) in nitrogen at about
670[err]C for about 30 seconds activates the carriers in the silicon and
forms a strong chenical bond to the®¥i~ The cusps 20 develop in
t he upper portion of the contact opening 15 and as they grow during the
deposition, the ability of naterial to cover the |ower portions of the
opening 15 is &#kggﬁg i npai red. The | ower corners 22 of the opening 15 are
particularly eu nerabl e to i nadequate coverage and present a _risk of
barrier failure. Referring next to Fig. 3B, a spin-on-glass(S0G
26, is applied using a comercial wafer spinning apparatus with an

adjustable spin r att\lgxtatrrw]g wafer undergoes CMP which removes the upper portion of

material until the dashed line 58 is reached. CMP is a procedure that has
become well known in the art and will therefore not be discussed in detail here.
Determination of endppint for the CMP may be accémplished by monitoring the
thickness of the insulating layer 56 during polishing although, by proper
calibration, a timed CMP can achieve the target thickness to an acceptable
measure. The cusps 20 which encroach into the opening 60 are effectively
removed by the CMP. The non-planar surface feature €8 which resulted from the

conformal deposition of the BPSG over the metal pattern 54 is also removed.

After polishing, the residual SOG is removed from the opening 60 by
dipping the wafer into 20:1 dilute HF for about 20 seconds. The insulating layer

56 is at its final design thickness and the opening 60 is un-obstructed.

Referring next to Fig. 4C, a TI/TiN barrier/glue layer 68 is next deposited
over the wafer by sputtering. This layer forms an additional coating within the
opening 60 and re-enforces the lower corners 22 of the opening 60 thereby

reducing risk of adhesion or barrier failure.



di spensi ng nozzle | ocated above the wafer center. The application procedure
- 14 - consists of applying the SOG solution at a pre-determ ned spin
rate; renoving the wafer and placing itto bake successively on three hot
pl ates set at 100[err]C, 160C and 25Q[err] C for about one mnute on each.
Thi s procedure gradually drives 0¥ the sol vent and perfornms a parti al
curing. A single coat consisting of about 4,000 to 6,000 Angstrons of
SOG i s appli ed. As is illustrated in Fig. 3B, The SOG 26 fills

in the contact ofReferingifow o Fig.4D, heuelstanplad 4R 3s fopeee it e vi@sperdngi ne 24
representing the final design thickness of the insulating |ayer 14. The

SCG provi desgpirhg Sahfd mlndr 48 IR B MrbemBbdifiént. Because the walls of the via

" opening 60 have been rendered essentially vertical by the removal of the cusps,
the tungsten deposition fills the via opening 60 without leaving voids. The |
tungsten plug is subsequently contacted by the preferred interconnection
metallurgy, which typically consists of an aluminum él!oy. deposited and

patterned on the surface of the insulating layer.

in a third embodiment , where aluminum of an aluminum alloy is to be
used for filling vias, all the steps of the second embodiment are followed except
that after the residual SOG has been removed from the opening 60 with dilute
HF, a glue layer is comprised solely of Ti and is deposited immediately prior to

the MOCVD deposition of the aluminum or aluminum alloy.

in a foyrth embodiment., infra, a method for forming vias of different
depths is described. The CMP'sfep in this embodiment performs both surface
planarization as well as barrier/glue layer cusp removal within the via openings.
This is done by forming the via opening:s and depositing the barrier/glue layer
before the CMP step. In this way both shallow and deep vias may be formed

without requiring over-etching of the shallow vias in order to open the deeper



l'i ni ng from danmage and contam nation during subsequent
CwP processi ng. Next the wafer undergoes CMP which renoves
t he upper portion of material until the dashed line 24 is reached. CMWP
is a procedure that has becone well known in the art and will therefore
not be discussed in detail here. ~Paterm nation of endpoint for the CWP
may be acconplished by nonitoring the t hi ckness of the insulating |ayer
14 during polishing although, by proper calibration, a timed CVMP can
achi eve the taonges- & problgigsficd ure. .The cusps 20

p cdunterBd WReR b are SRR Y tha oM, P he” avp.

whi ch encroach into the opening 15 are effective
planarization step.

its barrier netal

Referring to Fig. 5A, there is shown a cross section of a silicon wafer
substrate 10 with semiconductor devices formed within its surface. The layer 72
represents a plurality q'f structural components layered beneath a metal pattern
74. These comprise polysilicon levels which form components of MOS field-
effect-transistors and their local interconnects. The figure illustrates two regions
of interest on the wafer. In the left hand portion, the metal pattern 74 lies over a
region containing field oxide(FdX) 70 whjle in the right hand portion, the FOX
layer is absent. The Spaces 80 represents the patterning of the metal pattern 74.
Atop the metal pattern 74 is an anti-reﬂective-coating(ARC) 76. This coating
Sérves to eliminate reflections from the metal surface during exposure of the

patterning photoresist.

An insulative IMD layer of BPSG 78 is deposited over the patterned metal
layer 74. This layer is deposited thicker than required to accommodate the
material which must be removed for both the planarization and the cusp removal

The dashed line 82 indicates the final design thickness of the IMD layer.



After polishing, the residual SOGis renoved fromthe opening 15 by

di pping the wafer into 50:1 to 100:1 dilute HF for about 20 to 30 seconds.
Fig. 3C shows the contact opening at this juncture. The insulating |ayer

14 is at its final design thickness 24 and the opening 15 is

un- obstruct ed. Referring-next to Fig. 3D, a Ti/TiN barrier/glue

| ayer 30 is next deposited over the wafer by sputtering. This |ayer forns
an additional coating within the opening 15 and re-enforces the | ower

Fai lare. 11 tunge Bl K AR e e R oot 266 i/ Ti N
Referring nog {0 i\ 85: % ViaY e Rbn KRRA L aribaBIE ABhhy, BELXERSe ByO00
" RIE. By etching the vias at this juncture, rather than after CMP planarization,
both deep and shallow vias have essentially the same thickness of the insulative
layer 78. Consequently the shallow via 86 need not be over-etch.ed in order to

open the deep via 88 during the anisotropic etching step. Over-etching can

cause serious damage to the shallow via.

Referring next to Fig. 5B, the photoresist is removed and, a layer of Ti 90
between 400 and 800 Angstroms thick and a layer of TiW 92 between 1,500 and
2,500 Angstroms thick are deposited over the wafer by sputtering. The two
layers are deposited sequentially, without breaking vacuum, in a multi-target
sputtering too! having a Titarget and a TiW target utilizing argon. Cusps 20

develop at the mouths of the via openings 86 and 88,

Spin-on-glass(SOG) 94, is applied using a commercial wafer spinning
apparatus with an adjustable spin rate and a dispensing nozzle located above
the wafer center. The application procedure consists of applying the SOG
solution at a pre-determined spin rate; removing the wafer and placing it to bake

successively on three hot plates set at 100°C, 160°C and 250°C for about one



and 5,000 Angstrons thick is deposited over the wafer by LPCVD at a
tenperature of between about 450[err]C and 550[err] C usi ng tungsten

hexaf | uori de(WF[err]) with silane and with hydrogen. The deposition is
carried out in a cold-walled, |ow tenperature LPCVD reactor

Because the walls of the contact openi pg .15 have been rendered essentially
vertical by the renoval of the cusps, the tungsten deposition fills the
contact opening wthout |eaving voids. The tungsten | ayer 40 is patterned

with t ] r and etched back to

the glass insulati %éﬁrneﬁ%'gﬁe;'ﬁngw%dﬁ rﬁ@“?'&e& E’Gﬁﬁpgﬁ‘@cﬁoﬂ\(ﬂﬁ@%‘éﬁemm@ a2
h

shown in crosspagel (l:urmg. A single coat consisting of about 4,000 to 6,000 Angstroms of

SOG is applied.

As is illustrated in Fig. 58., The SOG 94 fills in the via openings 86 and 88
equally to a level which is above the dashed line 62 which represents the final
design thickness of the insulating layer 78 and above the bases of the cusps 20.
Thicker SOG may also reside in contoured areas 95. The SOG provides
protection of the via openings 86 and 88 and their metal lining from damage and

contamination during subsequent CMP processing.

Next the wafer undergoes CMP which removes material from the surface
of the wafer above the dashed line 62. This procedure not only planarizes the
wafer surface but also removes cusp# 20 which encroach into the via openings
86 and 88. Determination of endpoint for the CMP may bz; accomplished by
monitoring the thickness of the insulating layer 78 during polishing although, by
proper calibration, a timed CMP can achieve the target thickness to an
acceptable meésure. After polishing, the residual SOG is removed by dipping

the wafer into 20:1 dilute HF for about 20 seconds.



Fig.3F.. The tungsten plugs are subsequently contacted by the

preferred interconnection netallurgy, which typically consists of an

al umi num al |l oy, deposited and patterned on the surface of the insulating

| ayer . A second enbodi nent of this invention deals with the
formation of vias. Vias, unlike a certsasts, generally do not require the
speci al precautions taken to formstable ohmc contacts to silicon. In
addition, via openings generally do not have the mninmal size restrictions

B e T e e

applied only to contact
connections a Tungst e | ygs.,as described in the first enbodi nent
can al so be ut |E’iFé%SWWWﬂe{;‘f"ﬂ9#§t there gre showndenasten phigs 98detmetin the
metal | i zatiom lLayers. |

via openings in the same manner as in the first embodiment. Because the walls

of the via opening 60 have been rendered essentially vertical by the removal of

the cusps, the tungsten plugs 98 are without voids.

As in the third embodiment if the vias are to be filled with aluminum or an
aluminum alloy, all the steps of the fourth embodiment are followed except that
after the residual SOG has been removed from the opening 60 with dilute HF, a
glue layer is comprised solely of Ti and is deposited immediately prior to the

MOCVD deposition of the aluminum or aluminum alloy.

The embodiments of this invention use a p-type silicon substrate. it
should be well understood by those skilled in the art that other type substrates
may also be used. It should be further understood that the substrate conductivity
type as referred to here does not necessarily refer to the conductivity of the
starting wafer but could also be the conductivity of a diffused region within a
wafer wherein the semiconductor devices are incorporated. Such situations

encountered in the twin-well CMOS technology.



Thé secbnd enbodi nent describes a method for the formation of vias using
tungsten plugs. A p-doped <100> oriented nonocrystalline silicon wafer 10
is provided. Using standard processing techniques famliar to those in the
- 17 - integrated circuit manufacturing industry, sem conductor devices
such as self- aligned polysilicon gatse-field-effect-transistors, are
formed wthin the surface of the silicon wafer. Contacts are forned to the
silicon devices and. At the point of insertion of this

enbodi ment, any polyid the %ehffé’r?késs Bech ;';sanrticularly shown and described with

reference to the preferred embodiments thereof, it will be understood by those

" skilled in the art that various changes in form and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:



pl ace and a at | east one |evel of interconnection netallization 54 has been
deposited and patterned. The | ayer 52 represents a plurality of structural
conponents | ayered beneath a nmetal |ayer 54. These conprise polysilicon
| evel s which form conponents of MOS field-effect-transistors and their
| ocal interconnects. An insulative |ayes 56 of BPSG between about 1.0 and
1.5 mcrons thick is deposited over the netallization. The thickness of
this layer, as deposited, is about 30%thicker than the final design
thi ckness of the i nsAlnmthe®of ipyding stBE chidrabe BESaERal fi fobe |ayer
56 is represented by the dashed Iigne §8. Qé w‘ﬂ@%%léggéf’g%dﬁﬁerned
wi th photoresi st ap@hhRUERo VErRE] lafingk Gl for exanmple by RIE.

of the pﬁot or esi rsti?ﬁf vgéa{eg&?reﬁgggWég%s‘b’&%@wr-%ﬁ%cﬁoo

After renoval
Angstrons thick ai , . of. Ti W64 bet n 1,500 and 2,500 Angstrons
thick are deposi tg\ga@?/de@ﬁﬁ%‘@g W%"ﬁﬁ{ﬁgﬁpigﬁ%@wﬁﬁénm. CHAYRIISENGr e

providing a substrate having an insulative layer formed over its surface; -

forming vertical walled openings with aspect ratios greater than one
through said insulative layer;

depositing a first layer onto said substrate;

depositing a second layer onto said substrate by a PVD technique
whereby cusps of are formed at the mouths of said vertical walled
openings;

depositing a spin-on-glass{SOG) over said Substrate;

subjecting said substrate chemical-mechanical-polishing(CMP):
removing said SOG; and

depositing a third layer onto said substrate.
2. The method of claim 1 wherein said PVD technique is selected from the
group consisting of rf sputtering, rf magnetron sputtering, dc sputtering,

dc magnetron sputtering and vacuum evaporation.

3. The method of claim 1 wherein said insulative layer is between about

L
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deposi tied sequentially, w thout breaking vacuum in a nulti-target
sputtering tool - 18 - havi ng a

Ti target and a TiWtarget utilizing argon. As in the first
enbodi ment, cusps 20 develop in the upper portion of the contact opening
60 and as they grow during the depositiqy, —~the ability of material to

cover the | ower portions of the opening 60 is further inpaired. The | ower
corners 22 of the opening 60 are particularly vulnerable to inadequate

cover age and pr [ .harrier failure. Ref erring
next to Fig. 4B, a@ﬁ”ﬁ@ﬁ"ﬁ?@gg ) 66, is applied using a comerci al
waf er spinning apparatus with an adjustable spin rate and a

4. The method of claim 1 wherein said insulative layer is selected from
the group consisting of silicon oxide, phosphosilicate glass, and

borophosphosilicate glass.

5. The method of claim 1 wherein said first layer is selected from the
group consisting of Ti and Pt and is between about 400 and 800
Angstroms thick.

6. The methad of claim 1 wherein sald second layer is selected from the
group consisting of TIN and TiW and is between about 1,500 and 2,500

Angstroms thick.

7. The method of claim 1 wherein said SOG Is selected from the group

consisting of a siloxane and a silicate.

8. The method of claim 1 wherein said SOG is re-flowable and fills said

vertical walled openings to at least the lower portion of said cusps.

I
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di spensdi ng nozzle | ocated above the wafer center. The application procedure
consists of applying the SOG solution at a pre-determ ned spin rate;

renovi ng the wafer and placing it to bake successively on three hot

pl ates set at 100[err]C, 160[err] C and 250[err] C for about one m nute on
each. This procedure gradually drive®8 eut the solvent and perforns a
partial curing. A single coat consisting of about 4,000 to 6,000
Angstronms of SOG is applied. As is illustrated in Fig. 4B, The

300,58 1111541, LheacTHl wnanen it b BN WA elob e

dashed line 58 representing

| ayer 56. The SOG py.ovi des the opening 60 and its netal
lining from damage g#dbge(ﬂ"ﬁ%ﬁ%ﬁgﬂd:%ﬁ’nﬁf; FyRpshave &wes memanay.

10. The method of claim 1 wherein said third layer is selected from the
group consisting of Ti, Ti/TiN and Ti/TiW and is between about 400 and

800 Angstroms thick.

11. A method for forming metal contacts to active areas of integrated
circuit devices formed within the surface of a semiconductor wafer
comprising:

providing a semiconductor wafer having integrated circuit semiconductor
devices formed within its surface and having an insulative layer over said
semiconductor devices with vertical walled openings patterned and
etched in said insulative layer, exposing subjacent contact regions of
sald semiconductor devices;

depositing a refractory metal over said insulative layer;

depositing a barrier material over said refractory metal by a PVD
technique whereby cusps of are formed at the mouths of said vertical
walled openings;

depositing a spin-on-glass{SOG) over said semiconductor wafer;

N T

This Sheet Has Been R Replac

LT

REPLACED




Next the wafer undergoes CMP which renoves
the upper portion of material until the dashed line 58 is reached. CWP is
a procedure that has beconme well known in the art and will therefore not
be discussed in detail here. Determ nafjon of endpoint for the CVP may be
acconpl i shed by nonitoring the thicknéss of the insulating |ayer 56 during
pol i shing although, by proper <calibration, a timed CVMP can achi eve the

target thickness to an acceptable nmeasure. The cusps 20 which encroach
The non- pl anar

into the opening 6OSuhjéctiﬁQfs@ﬁtée@&?hrdg%ﬁfﬁl\eé?eqé%ﬁ?%ﬁa%@mmh on of the

surface feature 68 which resulte
BPSG over the net a'pd?i@ﬁﬁwﬁfé]w?ﬁ is al so renoved.

- 19 - » processing.

removing said SOG:

depositing a glue layer on said semiconductor wafer:

depositing a metal layer over said glue layer; and

etching said metal layer with a unidirectional dry etching technique to

form metal plugs.

12. The method of claim 11 wherein said PVD technique is selected from
the group consisting of rf sputtering, rf magnetron Sputtering, de

sputtering, dc magnetron sputtering and vacuum evaporation.

13. The method of claim 11 wherein said insulative layer is between

about 1.0 and 1.5 microns thick.

14. The method of claim 11 wherein said insulative layer is selected from
the group consisting of silicon oxide, phosphosilicate glass, and

borophosphosilicate glass.

15. The method of claim 11 whersin said refractory metal is selected from

-
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After polishing, the residual SOGis removed fromthe opening 60 by

di pping the wafer into 20:1 dilute HF for about 20 seconds. The insul ating
|layer 56 is at its final design thickness and the opening 60 is

un- obstruct ed. Referring next to Fig. 4C, a Ti/Ti N barrier/glue
| ayer 68 is next deposited over the3wafer by sputtering. This layer forns
an additional coating within the opening 60 and re-enforces the | ower
corners 22 of the opening 60 thereby reducing risk of adhesion or barrier

failure. Ti and Pt, and is between?a@out 400 and 800 Referring
now to Fig.4D, a %ht?n g‘f%ﬁonﬁismgoé '3 ?orrred In the via opening 60 in the

sane nanner as 'nAw&rcfdﬁﬁﬁck?nbOd' rrent. Because the walls of the via

16. The method of claim 11 wherein said barrier material is selected from
the group consisting of TiN and TiW, and is between about 1,500 and

2,500 Angstrom§ thick.

17. The method of claim 11 wherein said SOG is selected from the group

consisting of a siloxane and a silicate.

18. The method of claim 11 wherein said SOG fills said vertical walled

openings to at least the lower portion of said cusps.

19. The method of claim 11 wherein said CMP is conducted until said

SOG has been penetrated and sald cusps have been removed.

20. The method of claim 11 wherein sald glue layer is selected from the

group consisting of Ti/TIN, and Ti/TiW.

21. The method of claim 20 further comprising subjecting said

R
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openi ng 60 have been rendered essentially vertical by the renpval of the
cusps, the tungsten deposition fills the via opening 60 w thout |eaving
voids. The tungsten plug is subsequently contacted by the preferred

I nterconnection metallurgy, which typjically consists of an al um num al |l oy,
deposited and patterned on the surFa@%'bf the insulating |ayer.

In a third enbodi nent, where alum numor an alumnumalloy is to be wused
for filling vias, all the steps of the second enbodi nent are foll owed

except that af t er intbgratedsiiu dedEss foaned REnsEMITONEGLthT Wifeh E&nﬁﬁﬁﬁ%”g 60
with dilute HF, a glue layer is conprised solely of Ti and I's deposited

i medi ately prior pevidifga %Q@ﬁ@ﬁh&@?ﬁa\ﬁﬁgah'?ée“grﬁie‘drgi@H%gﬁchbﬁ@;ﬁrum

al | oy. In a fourth enbodi ment, infr net ho Vi as

of different —dept fgyitgs RFRES WRRH its SUFacd Bnd h&Wing Bt fedsfor o8 wri]rtingloer forms

bot h surface
metallization connected to said semiconductor devices:;

depositing an insulative layer over said wiring metallization;
depééi@ng a phgtoresist layer over said insulative layer;

patterning said photoresist layer to define vias;

etctnng géid vias using reactive-ion-etching to produce vertical walled

R TR ST

openings exposing subjacent wiring metallization:

resﬁdﬁ;j’é'séid photoresist layer;

depositing a refractory metal over éaid insulative layer;

depositing a barrier material over said refractory metal by a PVD
feé'f;nidué whereby cusps of are formed at the mouths bf said vertical
walled openinés;

depositing a spin-on-glass(SOG) over said semiconductor wafer;
subjecting said semiconductor wafer to chemical-mechanical-
polishing{CMP);

removing said SOG;

depositing a glue layer on said semiconductor wafer:

depositing a metal layer over said glue layer; and

AR
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pI anarization as well as barrier/glue layer cusp removal within the via
openings. This is done by formng the via openings and depositing the
barrier/glue I ayer before the CWP step. In this way both shall ow and deep
vias may be fornmed w thout requiring over-etching of the shallow vias in

order to open the deeper - 32 - - 21 -
ones - a problem encountered when the vias are opened after the CWwW
pl anari zation step. Referring to Fig. 5A, there is shown a

Formed wit hin i1 SN mefe Bygp i Y 3iditclond oy pRnRGTRARIANEG . o' oo
structural conpon?or;}nsmleé}/pelhed beneath a netal pattern

28. The method of claim 27 wherein said PVD technique is selected from
the group consisting of rf sputtering, rf magnetron sputtering, dc

sputtering, d¢ magnetron sputtering and vacuum evaporation.

29. The method of claim 27 wherein said insulative layer Is between

about 1.0 and 1.5 microns thick.

30. The method of claim 27 wherein said insulative layer is selected from
the group consisting of silicon oxide, phosphosilicate glass, and

borophosphosilicate glass.

31. The method of claim 27 wherein said refractory metal ié selected from
the group consisting of Ti and Pt, and is between about 400 and 800

Angstroms thick.

32. The method of claim 27 wherein said barrier material is selected from

the group consisting of TiN and TiW, and is between about 1,500 and

[
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74: These conprise polysilicon | evels which form conponents of MOS field-
effect-transistors and their local interconnects. The figure illustrates
two regions of interest on the wafer. In the |l eft hand portion, the
nmetal pattern 74 lies over a region containing field oxide(FOX) 70 while
in the right hand portion, the FOX - 33ayer is absent. The spaces 80
represents the patterning of the netal pattern 74. At op the netal
pattern 74 is an anti-reflective-coating(ARC) 76. This coating serves to

elimnate refl eCt$é?ﬁ§§or§d&f8r%?err{8fa%p%‘{ﬁérﬁi‘a¢aﬁhléai '&ﬁe%ﬂe?%ﬁla ¢ she
patterni ng photoresist. An insul ative IMD | aye PSG 78 is

deposi ted over t pqg% rned netal |ayer 74. This layer is deposited

t hi cker than require 0 accommpdate the material which nust be renopved
for both the planarization and the cusp renoval. The dashed |ine 82

I ndi cates the final design thickness of the INMD | ayer.

22. The method of claim 21 wherein said metal layer is tungsten
deposited at a temperature between about 440°C and 480°C in a cold

walled, low temperature CVD system by the reduction of WF, with H,.

23. The method of claim 22 wherein said metal layer is between about

3,000 and 5,000 Angstroms thick.

24. The method of claim 11 wherein said glue layer is Ti.

25. The method of claim 24 further comprising subjecting said
semiconductor wafer to a rapid thermal anneal before said glue layer is

deposited and after said SOG is removed.

26. The method of claim 25 wherein said metal layer is aluminum or an

aluminum alloy.

27. A method for forming vias between levels of wiring metallization of
-
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- 22 -, Photoresist 84 is applied and patterned to define the
shall ow via 86 and the deep via 88. The vias are then fornmed by

ani sotropic etching, for exanple by R E. By etching the vias at this
juncture, rather than after CWP planarization, both deep and shall ow vias
have essentially the sane thickness -o84tshe insulative |ayer 78.
Consequently the shallow via 86 need not be over-etched in order to open
the deep via 88 during the anisotropic etching step. Over-etching can

cause serious damaggsb@ Ah éﬁg QW Vi a. Referring next to Fig.
5B, the photoresist -is reprgt{/e gllr'\ , a layer of Ti 90 between 400 and 800

Angstrons thick and a | ayer of TiW92 between 1,500 and

33. The method of claim 27 wherein said SOG is selected from the group

consisting of a siloxane and a silicate.

34. The methoq of claim 27 wherein said SOG fills said vertical walled

openings to at least the lower portion of said cusps,

35. The method of claim 27 wherein said CMP is conducted until said

SOG has been penetrated and said cusps have been removed.

36. The method of claim 27 wherein said glue layer is selected from the

group consisting of Ti/TiN, and TifTiw.

37. The method of claim 36 wherein said metal layer is tungsten
deposited at a temperature between about 440°C and 480°C in a cold

walled, low temperature CVD system by the reduction of WF, with H,

38, The method of claim 37 wherein said metal layer is between about

3,000 and 5,000 Angstroms thick.
-
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2, 500 ,Angstrons thick are deposited over the wafer by sputtering. The two

| ayers are deposited sequentially, w thout breaking vacuum in a
multi-target sputtering tool having a Ti target and a TiWtarget utilizing
argon. Cusps 20 develop at the nouths of the via openings 86 and 88.

Spi n-on-gl ass(SOG) 94, is applied usBfg-a conmmercial wafer spinning
apparatus with an adjustable spin rate and a di spensing nozzl e | ocated
above the wafer center. The application procedure consists of applying the
SOG sol ution at 39pihe destiesdrofsisinsdl wherlresaid gluaviaper ishte waf er and pl aci ng
it to bake successively on three hot plates set at 100[err]C, 160[err]C
and 250[err] C for about one - 23 -

40. The method of claim 39 wherein said metal layer is aluminum or an

aluminum alloy.
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m nut e *on each. This procedure gradually drives out the solvent and
performs a partial curing. A single coat consisting of about 4,000 to

6, 000 Angstrons of SOG i s appli ed. As is illustrated in Fig.
5B, The SOG 94 fills in the via openings 86 and 88 equally to a |evel
whi ch is above the dashed |ine 62 which,.represents the final desi gn

t hi ckness of the insulating | ayer 78 -ang ‘above the bases of the cusps 20.

Thi cker SOG may al so reside in contoured areas 95. The SOG provi des
protection of the XiMETHQE FORFORBENGI NONIASTS ANDt VEASr wimst 2MPROVED ng fr om danmage

and contam natio ﬁﬁ@&wﬁt’%ﬁﬁﬂ-"%ﬁ% pr ocessi ng. of L\Iﬁ)ét W;Pgr

waf er under goes Ich Tenoves naterial fromthe surface

above the dashed line 62. This procedurABSTRAQWI y pl anari zes the wafer
surface but al so renoves cusps 20 which encroach into the via openings

*

A method is described for overcoming the non-conformity and poor
step coverage incurred when materials such as metals and barrier materials
are deposited into contact or via openings by ph;sical-vapom
deposition(PVD) techniques such as sputtering and evaporation.
Conventional PVD deposition into a vertical walled opening results in the
forma'tions of cusps along the walls at the mouth of the opening. These cusps
obstruct the material stream into the depth of the opening, resulting in
inadequate coverage at the base of the opening pakticuiarly at the corners.
This increases the chance of failure of the barrier material resultingin a
reliability exposure. ' In addition, the cusps, if not removed, cause the
formation of voids in subsequently deposited conductive plugs. The invention
teaches the insulative layer, wherein the openings are formed, to be
deposited to a greater thickness than required by the design. The openings
are then formed and filled with a spin-on-glass. The insulative layer is then
polished to the design thickness, removing the cusps. The spin-on-glass,
which protects the openings from damage and contamination during
polishing, is removed and an adhesion layer is applied prior to the deposition

of the conductive material of the contact or via.

( Figure 3A is suggested for publication.)



86 and 88. Determ nation of endpoint for the CMP may be acconplished by
nmonitoring the thickness of the insulating |layer 78 during polishing

al t hough, by proper calibration, a tinmed CVWP can achi eve the target
thickness to an acceptable neasure. After polishing, the residual SOGis
removed by dipping the wafer into 20:1 dilute HF for about 20 seconds.

- 24 - : Referring next to AAigo 5C, a Ti barrier/glue layer 96 is
deposited over the .wafer by sputtering. In Fig.5C there are shown
tungsten plugs 98 forned in the via openings in the same manner as in the
first enbodi nent. Because the walls of the via opening 60 have been
rendered essentially vertical by the renoval of

Xg

ke N
r v )

FIG. 1 — Prior Art

20

\ 18

AN\N \\\\RNw P
|1 ,
y ’

f / _t-14
N 22 f
| N NN
I

| S - o

12

FIG. 24 — Prior Art



t he cusps,
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the steps of the fourth enbodi nent are foll owed except
SOG has been renoved fromthe opening 60 with
I's conprised solely of Ti
MOCVD depogid i on of the al um num or al um num

As in the
an

and i s deposited

The enbodi nents of this invention use a p-type silicon
shoul d be wel |

may al so be used.

that the substrate conductivity

necessarily refer to th

be the conduct
sem conduct or

understood by those skilled in the art that
It should be further

under st ood

type as referred to here does not

ivity of
devi ces aye/

26

L X1 0) TA waf er but could al so,
| /1 A0 /1 20)0 i 4fberein the
(® 4 syt pa 9 ~
18
e l P 727 18
/\ { '
LA %
v 5
N\ f B
; f A 14
7 g
1/ 1
A /1
v 4
/
LfIF/F/If l
L \ ~—110
12

FIG. 2B — Prior Art

FIG., 34

20

18
SR OSSN
f ,.
\ A /] , 24
y %
/\ 4
______ «N —_——-E:_—_——“——(
N NA
/\ N \/L‘14
N N
N
:\l/\\:
)\ Y/
C 7

r“l&——'

\ ~T110




encountered in the twin-well CMOS technol ogy.
- 25 - Wil e the invention has been particularly shown and

described with reference to the preferred enbodi nents thereof, it will be
understood by those skilled in the art that various changes in form and
details may be made w t hout departing fromthe spirit and scope of the

i nvention. * What is clainmed i3jio '
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-26 - . 1. A nethod of inproving step coverage of material deposited by a

PVD technique into vertical walled openings in an insul ative |ayer, said
verti cal wal | ed openi ngs having an aspect ratio greater than one,

conpri si ng: provi ding a substrate having an insul ative |ayer fornmed over
Its surface; form ng vertical walled openings with aspect ratios greater
than one ‘through said insulative |guer; depositing a first layer onto
sai d substrate; depositing a second | ayer onto said substrate by a PVD

t echni que wher eby cusps are formed at the nouths of said vertical walled
openi ngs; depositing a spin-on-glass(SO5 over said substrate;
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subj ectiing sai d substrate chem cal - mechani cal - pol i shing(CVMP); renoving
2. The

said SOG and depositing a third |ayer onto said substrate.

met hod of claim1 wherein said PVD technique is selected fromthe group
consisting of rf sputtering, rf nagnetron sputtering, dc sputtering, dc
magnetron sputtering and vacuum evapor ati on. 3. The method of claiml
wherein sai‘d insulative |ayer is betwsgap about
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4. The nmethod of claim1 wherein said

1.0 and: 1.5 m crons thick.
I nsul ative layer is selected from the group consisting of silicon oxide,
5. The met hod

phosphosilicate glass, and bor ophosphosi licate gl ass.
group consi sting

of claim 1l wherein said first layer is selected fromthe
Angstrons thick. 6. The

of Ti amd Pt and is between about 400 and 800
met hod of claim 1l wherein said secondé6/tyer is selected fromthe group
consisting of TiN and TiWand is between about 1,500 and 2,500 Angst ronms

t hi ck.
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7. +The method of claim1 wherein said SOG is selected fromthe group
consisting of a siloxane and a silicate. 8. The nethod of claim1l
wherein,said SOGis re-flowable and fills said vertical walled openings to
at least the |ower portion of said cusps.

28 - 9. The nethod of claim1l wherein said CWP is conducted until said
SOG has béen penetrated and sai d cugps have been renoved 10. The net hod
of claim1l wherein said third layer is selected fromthe group consisting
of Ti, Ti/TiNand Ti/TiWand is between about 400 and .
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800 Angstrons thick. 11. A nmethod for formng netal contacts to active
areas of integrated circuit devices formed within the surface of a

sem conductor wafer conprising: providing a sem conductor wafer having
integrated circuit sem conductor devices formed within its surface and
havi ng an insul ative | ayer over said sem conductor devices wth vertical
wal | ed openings patterned and etched BAl&Gai d i nsul ative | ayer, exposing
subj acent contact regions of said sem conductor devices; depositing a
refractory nmetal over said insulative |ayer; depositing a barrier material
over said refractory netal by a D techni que whereby cusps are forned at
the nmouths of said vertical wal]l@d openings; 88 80

84 \f 80
80 \f
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deposi ting a spin-on-glass(SO5 over said sem conductor wafer;

- 29 - subj ecting said sem conductor wafer to chem cal - nechani cal -
pol i shi ng( CWP) ; renovi ng sai d SOG depositing a glue layer on said
sem conduct or wafer; depositing a netal |ayer over said glue |ayer; and
etching said netal layer with a unidirectional dry etching technique to
form netal .plugs. 9/10
86 gg 88
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12. The method of claim 11 wherein said PVD technique is selected from
the group consisting of rf sputtering, rf nmagnetron sputtering, dc

sputtering, dc magnetron sputtering and vacuum evaporati on. 13. The
met hod of claim 11l wherein said insulative |layer is between about 1.0 and
1.5 mcrons thick. 14. The method of claim 11 wherein said insulative

| ayer is selected from the groupH%@ iisting of silicon oxide,
phosphosilicate glass, and bor op E osilicate gl ass. 15. The met hod
of claim 11l wherein said refractory netal is selected from )
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- 30= . the group consisting of Ti and Pt, and is between about 400 and
800 s Angstrons thick. 16. The net hod of claim11l V\/nerel n said

U N P |

barrier material is selected from t he group consi sttAg-ef—H-N-art—FH-y
and is between about 1,500 and 2,500 Angstroms thlckﬁEPLAQEME?’& SHET

met hod of claim 11 wherein said SOG i s-<l ected from {h grotp
consisting of a siloxane and a silicate. 18. Thejmgt hod gfmcl afnj 11
wherein said SOG fills said vertical walled

1. A method of improving step coverage of materia| deposited by a PVD

technique into vertical walled openings in an insulative layer, said vertical
| walled openings having an aspect ratio greater than one, comprising:

providing a substrate having an insulative layer formed over its surface; -
forming vertical walled openings with aspect ratios greater than one
through said insulative layer;

o depositing a first layer onto said substrate;
depositing a second layer onto said substrate by a PVD technique
whereby cusps efare formed at the mouths of said vertical walled
openings;
depositing & spin-on-glass(SOG) over said substrate;
subjecting said substrate chemical-mechanical-polishing(CMP);
removing said SOG; and |
depositing a third layer onto said substrate.
2. The method of claim 1 wherein said PVD technique is selected from the
group consisting of rf sputtering, rf m.agnetron sputtering, dc sputtering,

dc magnetron sputtering and vacuum evaporation.

3. The method of claim 1 wherein said insulative layer is between about

-
0 g

A2 4BF -~
kg {l\ ),



openings to at least the | ower portion of said cusps. 19. The_pethod of
claim1l wherein said CWP is conducted until said SCX en cperptlr at ed
and sai d cusps have been renoved. 20. The methodya I el n
said glue layer is selected fromthe group conS|stg i

A gugfg@cw%g sdi d

Ti/TiW 21. The nethod of claim 20 fuzx her conpriisiing
sem conductor wafer to a rapid thermal anneal after isaj d*dl ue |

1.0 and 1.5 microns thick.

4. The method of claim 1 wherein said insulative layer is selected from
the group consisting of silicon oxide, phosphosilicate glass, and

borophosphosilicate glass.

G 5. The method of claim 1 wherein said first layer is selected from the
group consisting of Ti and Pt and is between about 400 and 800
Angstroms thick.

6. The method of claim 1 wherein said second layer is selected from the
group consisting of TiN and TiW and is between about 1,500 and 2,500
Angstroms thick.

7. The method of claim 1 wherein said SOG is selected from the group

§

consisting of a siloxane and a silicate.

8. The method of claim 1 wherein said SOG is re-flowable and fills said

vertical walled openings to at least the lower portion of said cusps.

AR



‘dep05| ted. 22. The nmethod of claim?21 wherein said netal |ayer is
tungsten deposited at a tenperature between about 440[err]C and 480[err]C
inacold walled, |owtenperature CVD system by the reduction of W[err]

with Herr]. 23. The nmethod of claim22 wherein saedmae-t«aal-—l—ayer 1S
bet ween about 3,000 and 5,000 Angstrd8ns thi ck. 24 RERMecHetHod6f ‘claim
11 wherein said glue layer is Ti. 25. The nethod ¢f ped-ai--24-f urther

conprising subjecting said sem conductor wafer to airap g th g;mal apntal

before said gl ue | gyeheinethdFBPSLNPWABRIFELIE T s QELcLLJn%FQA‘tS G

has been penetrated and said cusps have been rdmoved

10. The method of claim 1 wherein said third layer is selected from the -
group consisting of Ti, Ti/TiN and Ti/TiW and is between about 400 and

800 Angstroms thick.

11. A method for forming metal contacts to active areas of integrated
circuit devices formed within the surface of a semiconductor wafer
comprising:

providing a semiconductor wafer having integrated circuit semiconductor
cievices formed within its surface and having an insulative layer gver said
semiconductor devices with vertical walled openings patterned and
etched in said insulative layer, exposing subjacent contact regions of
said semiconductor devices;

depositing a refractory metal over said insulative {ayer;

depositing a barrier material over said refractory metal by a PVD
technique whereby cusps ®# are formed at the mouths of said vertical
walled openings;

depositing a spin-on-glass(SOG) over said semiconductor wafer,

AL



26.* The 'net hod of claim 25 wherein said netal layer is alum numor an
“aluminum al | oy. 27. A method for formng vias between levels of wiring
metal i zati on of 32 i nt egrated
circuit devices fornmed in a sem conduct waf er conpri §IAg. - provirding a
semi conductor wafer having integrate citclit sem condugt Bf"“ “igevi-ces -
formed within its surface and having at |east one levelf df W ring =~
metal | i zati on connected to said sem conductor devices; d@@ogﬁﬂin@ﬁa?

insul ative |ayer ovsubjecting safd ddrsicsHhtdr wWadlr'S r<1.'h'emical—mgc:h ;

oz

polishing(CMP); T

Ical-

removing said SOG:

depositing a glue layer on said semiconductor wafer;

depositing a metal layer over said glue layer; and

etching said metal layer with a unidirectional dry etching technique to

o form metal piugs.

12. The method of claim 11 wherein said PVD technique is selected from
the group consisting of rf sputtering, rf magnetron sputtering, dc

Sputtering, dc magnetron sputtering and vacuum evaporation

13. The method of claim 11 wherein said insulative layer is between

about 1.0 and 1.5 microns thick.

14. The method of claim 11 wherein said insulative layer is selected from
the group consisting of silicon oxide, phosphosilicate glass, and

borophosphosilicate glass.

15. The method of claim 11 wherein said refractory metal is selected from

I



depositi.-ng a photoresist |ayer over said insulative |ayer; patterning
sai d:photoresist |ayer to define vias; etching said vi#s !

reactive-ion-etching to produce vertical walled openi ;
subjacent wiring netallization; renovi ng said photoresis
depositing a refractory netal over sasel 4 nsul ative | ayer;;
barrier material over said refractory netal by a PVD teg
cusps are fornmed at Lhe mout hs of said verti cal malled op

SEEDNGT nory

s et e

el .
ing.a
Jé@r:eby

depositing a spin-fhy ,g%an q-raﬁél aﬁﬂ% ngﬁ :ﬁ& Sgb{r g(r:rgi/-ing

sai d sem conductor wa er t

sai d SOG

ani ca
deposi tAﬂQsthn%ﬂ‘n?ckl ayer on sal d sem conduct or vvafer

16. The method of claim 11 wherein said barrier material is selected from
the group consisting of TiN and TiW, and is between about 1,500 and
2,500 Angstroms thick.

17. The method of claim 11 wherein said SOG is selected from the group

consisting of a siloxane and a silicate.

18. The method of claim 11 wherein said SOG fills said vertical walled

openings to at least the lower portion of said cusps.

19. The method of claim 11 wherein said CMP is conducted until said

SOG has been penetrated and sald cusps have been removed.

20. The method of claim 11 wherein said glue layer is selected from the

group consisting of Ti/TiN, and Ti/Tiw.

21. The method of claim 20 further comprising subjecting said




depositi'ng a netal |ayer over said glue |ayer; and etching said

netal- layer with a unidirectional dry etching technique to form net al

pl ugs. 28. The nmethod of claim 27 wherein said PVD technique is
selected from the group consisting 3, rf sputtering, rf magnetron
sputtering, dc sputtering, dc nmagne®sen sputtering_and vaciHn

evanrat i on. 29. The nethod of claim 27 wherein SREﬂ,M@m?ﬁt BNEET dyer
i s between

semiconductor wafer to a rapid thermal anneal afterisaid g{ug I3yeq 3800 |

deposited. L

22, The method of claim 21 wherein said metal layer is tungsten

deposited at a temperature between about 440°C and 480°C in a cold

walled, low temperature CVD system by the reduction of WF, with H,.

23. The method of claim 22 wherein said metal layer is between about

3,000 and 5,000 Angstroms thick.

24. The method of claim 11 wherein said glue layer is Ti.

25. The method of claim 24 further comprising subjecting said
semiconductor wafer to a rapid thermal anneal before said glue layer is

deposited and after sald SOG is removed.

28. The method of claim 25 wherein said metal layer is aluminum or an

aluminum alloy.

27. A method for forming vias between levels of wiring metallization of

I



about 170 and 1.5 mcrons thick. 30. The nethod of claim 27 wherein
said-insulative layer is selected from the group consisting of silicon
oxi de, phosphosilicate glass, and gztr)ophosphosi i cate gl ass. 31. The
met hod of claim 27 wherein said refra ry netal is selected from the
group consisting of Ti and Pt, and s®¥et ween about 400 and 800 An .
t hi ck. 32. The net hod of cI aim 27 wherein said barrre Eg ma%t_m '
selected from the group consisting of TiNand TiW e‘nﬂﬁﬁlﬁ Ml o]

1,500 and integrated circuit devices formed in a semic . isi
egrat iconductor Yvafie%cqm@{@m

providing a semiconductor wafer having integrated citcuit-semicordagtor
devices formed within its surface and having at leakt- el of wiring
metallization connected to said semiconductor devices;
depositing an insulative layer over said wiring metallization;
depégftjng a photoresist layer over said insulative layer;

- patterning said photoresist layer to define vias;
etehmg sald vias using reactive-ion-etching to produce vertical walled

I GRS

openings exposing subjacent wiring metallization;

remdx:n;)lg séld photoresist layer;

depositing a refractory metal over Said insulative layer;

deposnt;ng a barrier material over said refractory metal by aPVD
techmque whereby cusps of are formed at the mouths of said vertical |
walled openings;

depositing a spin-on-glass(SOG) over said semiconductor wafer;
subjecting said semiconductor wafer to chemical-mechanical-
polishing(CMP);

removing said SOG;

depositing a glue layer on said semiconductor wafer:

depositing a metal layer over said glue layer; and

TR R D



2,500 Angstrons thick. 33. The nethod of claim 27 wherein said SOGis
selected fromthe group consisting of a siloxane and a silicate. 34.
The met hod of claim 27 wherein said SOG fills said vertical walled
openings to at least the lower portig@8.of said cusps.. . mg}g. ggt.,ﬁb’ﬁ of
claim 27 wherein said CVP i s conduci @@ «ntil said SOGHa I ‘pEnett gt ed
and sai d cusps have been renoved. 36. The nethod of claim 27 Whereirn

said glue layer is selected fromthe 13 JAN 206
etching said metal layer with a unidirectional dry étchi ZoigTalle[d

form metal plugs.

28. The method of claim 27 wherein said PVD technique is selected from
the group consisting of rf sputtering, rf magnetron sputtering, dc

sputtering, d¢ magnetron sputtering and vacuim evaporation.

S
29. The method of claim 27 wherein said insulative layer is between
about 1.0 and 1.5 microns thick.

30. The method of claim 27 wherein said insulative layer is selected from
the group consisting of silicon oxide, phosphosilicate glass, and
borophosphosilicate glass.

w 31. The method of claim 27 wherein said refractory metal is selected from

the group conéisting of Ti and P, and is between about 400 and 800

Angstroms thick.

32. The method of claim 27 wherein said barrier material is selected from

the group consisting of TiN and TiW, and is between about 1,500 and

\
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Qrgup eonsisting of Ti/TiN, and Ti/TiW 37. The nethod of claim 36
wherein said netal layer is tungsten deposited at a tenperature between
about 440[err]C and 480[err]Cin a cold walled, |ow tenperature CVD system

by the reduction of WF[err]. with Herr]. 38. The net hod of
wherein said netal layer is between-abeut 3,000 and ¢S5, w P I ck.
- 35 - 39. The method of claim 27 wherein said glua ["8ye

2,500 Angstroms thick.

33. The method of claim 27 wherein said SOG is selected from the group

consisting of a siloxane and a silicate.

34. The method of ctaim 27 wherein said SOG fills said vertical walled

openings to at least the lower portion of said cusps.

l\w
35. The method of claim 27 wherein said CMP is conducted until said
S0G has been penetrated and said cusps have been removed.
36. The method of claim 27 wherein said glue layer is selected from the
group consisting of Ti/TIN, and Ti/TiW.
37. The method of claim 36 wherein said metal layer is tungsten
w

deposited at a temperature between about 440°C and 480°C in a cold

walled, low temperature CVD system by the reduction of WF, with H,,

38. The method of claim 37 wherein said metal layer is between about

3,000 and 5,000 Angstroms thick.

G



40. ' The'met hod of claim 39 wherein said netal |ayer is alunminumor an
al um num al | oy.

_ 35 - REPLACEMENT SHEET
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39. The methed of claim 27 wherein said glue layer is Ti.

40. The method of claim 39 wherein said metal layer is aluminum or an

aluminum alloy.
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