VOLCANO DEFEcm\FREE TUNGSTEN -PLUG BACKqRCﬁgP gﬁ,THE | NVENTI ON (1) Field of
the Invention The invention rel at ¥ R of netalllzatlon in the
fabricagion of integrated circuits, and nore par hod of
tungsten netal lization preventing peeling of t hejlt

glue layer called the volcano defect in the manu
circuits. (Zpgigesedgi{gs on of the Prior_Agt __Tungster=prog et al lon is

~well -known in

VOLCANO DEFECT-FREE TUNGSTEN PLUG

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to a method of
metallization in the fabrication of integrated circuits, and
more particularly, to a method of tungsten metallization
preventing peeling of the tungsten or underlying glue laver

called the volcano defect in the manufacture of integrated

circuits.

(2) Description of the Prior Art

Tungsten-plug metallization is well-known in
the art. A conventional tungsten plug process of the prior
art is illustrated in Fig. 1. Referring now to Fig. 1, there
is shown semiconductor substrate 10. A contact hole has been
opened through interlevel dielectric layer 20 to source/drain
region 14.' A titanium glue layer 24 and titanium nitride
barrier layer 26 havé been deposited over the surface of the
substrate and within the contact hole. A layer of tungsten
28 is deposited which will form a plug within the contact
hole. The titanium nitride (TiN) barrier layer 26 can
prevent the penetration of WFe gas during the tungsten

deposition step. However, the nucleation step of the

" This Sheet Has Been Re(ilaced

RGN




the art. A conventional tungsten plug process of the prior art is
illustrated in Fig. 1. Referring nowto Fig. 1, there is shown
seni condlict or substrate 10. A contact hol e has been opened through

interlevel dielectric |ayer 20 to source/drain regllr fk&HHiggggbg ue
A

| ayer 24 and titaniumnitride barrier |ayer 26 have t he
surface of tREMEaBSrt&¥e and within the_cgntact hol Y
28 is deposited which will forma plug within the contact hole. The

titaniumnitride (TiN) barrier layer 26 can prevent the penetration of

[err] gas duting the LHOQSLED JSPOS ALOOsSEEMh (EUMFY Prodds Musd eatiry step

of the

gas rich chamber condition. If the WFs gas penetrates
through the TiN layer, the WFe gas can react.with the
titanium molecules to form TiFs gas. The continuous out-
gassing of TiFs through the deposited tungsten film will
create a mountain-shaped opening 30 on top of the tungsten

film. This 'is the so-called volcano defect.

I1f the deposition of the tungsten film is
conducted right after the TiN deposition, the volcano defects
are more likely to be observed. Voids or cracks 32, due to
compressive stress are formed in the TiN film, especially
near the sharp corner of the contact hole. The WFes can
easily pass through these voids to react with the underlying
titanium. . The titanium might also be exposed to the WFs due

to poor step coverage of the TiN film.

In order to compensare for poor step coverage
" of the TiN film and the strength of the TiN structure near
the sharp corner of the contact hole, a Rapid Thermal
Rnnealing (RTA) treatment is inserted between TiN deposition
and tungsten deposition. Because of the instrument hardware
configuration limitation, the RTA treatment throughput is too
low compared with the other processes and the equipment

1tself is hard to malntaln. The RTA treatment becomes 2
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-2- tungsten chem cal vapor deposition (CVD) process has a [err] gas rich
chanber condition. If the [err] gas penetrates thraugh the TiN |ayer, the

[ert] gaSs can react with the titanium nolecul es tqg A %iF e
continuous out- gassing of [err] through the depog teéﬂt% tﬁ% Neeflwi 11
create a nmountai n-shaped opening 30 on top of the "“+ﬂn : M- THi b i S
t he so-cal | pdmrabgangdef ect . - 3 -

bottleneck for the whole process flow.

Volcano defects have been observed frequently.
on the scribe lines, seal rings, and bonding pads rather than
on the small contact areas. Fig. 2 illustrates a top view of
bonding pads 62. Volcano defects 30 can be seen in the area
of the bonding pads. The most reasonable explanation for
this phenomenon is the stress-induced deformation of the TIN
layer during the tungsten film growing step. As &é know,
tungsten film exhibits strong tensile stress. During the
tungsten CVD process, the stress induced deformations are
much more severe in the local areas with lengthy steep
corners such as the bonding pads, seal rings, and scribe
lines.— Within these areas, ﬁore voids are generated and

thus, more volcano defects are formed.

In order_to reduce the possibilities for
volcano defects, it is necessary to reduce the stress
differences between the tungsten film and the underlying
Ti/TiN barrisr layer. Volcano defects are more iikely to be
observed when the stress differences between the tungsten

film and the barrier layer is high.

U.S. Patent 5,397,742 to Kim teaches the

formation by Rapid Thermal Annealing (RTA) of a titanium

Sheet Has Been RTlaced

||II\|HIII|| |l




If the deposition of the tungsten filmis conducted right after the TiN
deposition, the volcano defects are nore |ikely,
. cratks 32, due to conpressive stress are forned

to-be-observed Vg ds or

iTpug Bes ETNA@BEBNJSpeCially'
near the sharp corner of the contact hole. The {Jerr] maENsED |y p@SS

é t hrough these voids to react with the underlyi ng=FFraRraf——®rc—tt ani um

. mght also ggp%éggggﬁgto the [err]. due to,poor step coverage of the TiN
~film In or ensate for poor steﬁ coverage of the TiN filmand the

strength of the TiN structure near the sharp corner of the contact hole, a
Rapi d Ther mal

silicide layer on top of the TiN layer. Co-pending U.S.

Patent Application Serial No. 08/297,501 (TS93-039) to S. H.
.Hsieh filed on 8/29/94 teaches forming a furnace amorphous

silicon.layer over the TiN layer. U.S. Patent 5,332,691 to
Kinoshita et al teaches forming a highly amorphous silicon-

containing tungsten layer over the TiN layer.
SUMMARY OF THE INVENTION -

A principal object of the present invention is
to provide an effective and very manufacturable method of
tungsten plug metallization which prevents the volcano

defect.

Another object of the invention is to provide
a method of tungsten plug metallization which reduces stress
differences between the tungsten film and the underlying

barrier layer.

Yet another object is to provide a method of

tungsten plug metallization which utilizes a stress buffer

layer on top of the TiN barrier layer to prevent the volcano

defect.

—_—
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Annealing (RTA) treatnent is inserted between Ti N deposition and tungsten

deposi tion.

Because of the instrument hardware configuration limtation,

thé RTA%treatnent throughput is too | ow conpare 'qt%gﬁ?ggrghqugw_cesses

and the equipnent itself is hard to maintain. Th

Halomnt begones a

bottl eneck for the whole process flow Vol cano )served
frequently o%shgggggakge i nes, seal rings,5 and bondi ng pads rather than

A still further object of the invention is to
provide a method of tungsten plug metallization which reduces
stress differences between the tungsten film and the
underlying barrier layer by utilizing a stress buffer layer

on top of the ba;rier layer.

. In accordance with the objects of this

invention a new method of metallization using a tungsten plug

]
1

is achieved. Semiconductor device structures are provided in
and on a semiconductor substrate. An insulating layer covers
the semiconductor device structu:es wherein a contact opening
is made through the insulating layer to the semiconductor
substrate. A barrier layer is deposited conformally over the
surface of the insulating layer and within the contact
oﬁening. A stress buffer layer is deposited overlying the
barrier layer wherein the stress buffer layer prevents
volcano defects. A tungsten plug is formed within the
contact opening to complete the formation of the tungsten
plug metallization without volcano defects in the fabrication

of an .integrated circuit device.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:
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' scribe linesg

on the smal |

contact areas. Fig. 2 illustrates a top view of bondi ng pads

62. Vol cano defects 30 can be seen in the area of the bonding pads. The
nmosf readonabl e expl anation for this phenonmenon is the stress-induced
deformation of the TIN layer during the tungsten {ilmgrow ng step. As we

know, tungsten filmexhibits strong tensile stres nngg@Hgﬁiéé %Egﬂ en CVD
€

process, the stress induced deformations are nuchfinore REVE

| ocal

areas with Iengthy steep corners such as the bondl s, and

kgese areas, nore voids are generated and thus, nore

- vol cano defects are }orned -6 -

Fig. 1 schematically illustrates in
cross-séctional representation a conventional tungsten plug

process of the prior art.

Fig. 2 schematically illustrates a top view of
the bonding pad area of a prior-art integrated circuit device

including volcano defects.

Figs. 3 through 8 schematically illustrate in
cross-sectional representation a preferred embodiment of the

present invention.

Fig. 9 graphically illustrates stress as a

function of temperature.
| DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 3,
there is illustrated a portion of a partially completed
integrated circuit. There is shown a semiconductor substrate
10, preferably composed of monocrystalline sxllcon.
Source/drain regions 14 are formed as is understood in the
art either before or after formation of gate electrodes (not

shown).
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In order to reduce the possibilities for volcano defects, it is necessary
to reduce the stress differences between the tungsten filmand the
under|lyitng Ti/Ti N barrier |ayer. Vol cano defects are nore likely to be
observed when the stress differences between e grgster— T mand t he
barrier layer is high. U S. Patent 5,397,742
by Rapid Thernmal Annealing (RTA) of a titaniu

TSMC~95-167 e 7 -

ormati on

FEE SR
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——

. —

An inteflevel dielectric layer 20, composed of
borophosphosilicate glass (BPSG), borosilicate glass (BSG),
or phosphosilicate glass (PSG), or the like, is deposited
over the surface of the semiconductor device structures to a
thickness of between about-SOOO to 15,000 Angstroms. A
contact hole 22 is opened through éhe insulating layer to the
source/drain region 14 within the semiconductor substrate, as

shown in Fig. 4.

Referring now to Fig. S, a glue layer is
deposited conformally over the surface of the insulating
layer 20 and within the contact hole 22. The glue layer
preferably is composed of titanium 24 and is deposited by
chemical vapor deposition (CVD) or physical vapor deposition
(PVD) to a thickness of betﬁeen about 500 to 1000 Angstroms.
A titanium nitride barrier layer 26 is deposited conformally
over thé élue layer 24 by CVD or PVD to a thickness of

between about 500 to 1500 Angstroms.

Alternatively, a thick layer of titanium could
be deposited over the insulating layer 20. The titanium
layer is nitrided to form a titanium nitride layer within the
top portion of the titanium layer, resulting in titanium

layer 24 and titanium nitride layer 26, as shown in Fig. 5.
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-4- silicide layer on top of the TiN |ayer. Co-pending U S. Patent
Application Serial No. 08/297,501 (TS93-039) to S. H Hsieh filed on
8/ 29/ 94 feaches forming a fur nace anor phous sil i gagt-ayer—ever—the
t
J

| ayer. U.S. Patent 5,332,691 to Kinoshita et al eaHhBSPEBWHASQEEN ghly
anor phous silicon- containing tungsten | ayer overlj t he RERLASESr .
THE | NVENTI ON A prlnC|% obj ect of the present i I de an
ef fective anBSMer95nd®df act urabl e nmet hod $f~tungsten plug nmetal lization
whi ch prevents the vol cano

Volcano defects are believed to result from
stress-induced deformation of the TiN barrier layer, as
described hereinabove. All reliable thermal treatments to
enhance the integrity of the TiN film change the film stress
from compressive to tensile. As discusséd above, thermal
treatment is undesirable because of low throughput. The key |

" feature of the present invention is .the introduction of a
stress buffer layer having tensile stress which effectively

stops the volcano defects.

Referring now to Fig. 6, a cap stress buffer
layer'42 having low resistance is deposited conformally over
the surface of the barrier layer 26. The stress buffer layer
42 may be composed of tungsten silicide or any other
dielectric material such as titanium silicide, cobalt
silicide, or the like, and is deposited by CVD to a thickness
of between about 500 to 1500 Angstroms. This stress buffer
layer 42 provides enough protection of the underlying Ti/TiN
barrier layer to prevent volcano defects. This has been

proven experimentally.

Referring now to Fig. 7, tungsten 28 is
blanket deposited over the surface of the substrate using WFe

as a precursor in a chemical vapor deposition chamber.
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def ect. Anot her object of the invention is to provide a nethod of tungsten
plug netal l'i zati on which reduces stress differences between the tungsten
filmand the underlying barrier |ayer. Yet another object is to provide a

met hod of tungsten plug netallization which uti _ Ffer | ayer
on top of the TiN barrier layer to prevent the |vo*SaPloEReasBEEN
REPLACED
: TSMC-95-167 :

___,9- : St/

Referring now to Fig. 8, the tungsten is
etched back to form the tungsten plug 28 within the contact
hole. The second metallization 44, such as an aluminum
alloy, is deposited and patterned. A passivation layer 46
completes fabrication of the integrated circuit. Of course,
other processes may be performed sﬁch as an intermetal
dielectric deposition and further metallization, as is well

known in the art.
EXAMPLE

The following Example is given to show the
important features of the invention and to aid in the
understanding thereof. Variations may be made by one skilled
in the art without departing from the spirit and scope of the

invention.

Fig. 9 graphically illustrates stress as a
function of temperature. "+" represents tensile stress and
"-" represents compressive stress (as'deposited) in Fig. 9

and in Table 1.

In an experimeﬁt" the inventors conformally
deposited 400 Angstroms of titanium within a contact hole

followed by 1000 Angstroms of titanium nitride. Stress was
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A still further object of the invention is to provide a nethod of tungsten
plug netalllzatlon whi ch reduces stress differences between the tungsten
filmand'the underlying barrier layer by utilizing a stress buffer layer on
top of the barrier layer. In accordance with the phfectrs—oF—+HH5—H FiYent i on
a new nethod of netallization using a tungsten pl '”ﬁ@S&EﬁTéV%HBEEN
Sen1conductor device structures are prouiged in a d on RERINMEDNduct
substrat e. %¢ gﬂiéygl ayer covers the seni conductor device Structures
a

wherein a co openi ng

measured in dynes/cm® for each wafer after the Ti/TiN layer
was deposifed. This is shown in the second column of Table
1. Four methods of preparing fhé barrier layer for tungsten
deposition were performed, two trials for each method. The
first method was a RTA at 640 °C for 1 minute. The second
method was a2 WSi. stress buffer layer of the present
invention having a thickness of 500 Angstroms. The third
method was furnace annealing at 450 °C and the fourth method
was a furnace annealing at 660 °C. The stress of the-barrier
layer was measured after each method was complete.
Observations to detect vblcano defects were made after the

tungsten deposition. The results are shown in the following

table.
TABLE 1

stress (dynes/cm®) after Volcano

run Ti/TiN RTA Invention Furnace Furnace Defects
depos. (450 °C) (660 °=C)

1 -4 ,272E9 +1.587E10 -
2 -4.514E9 +1.548E10 -
3 -4.045E9 +6.745E9 -
4 -4,.731E9 +6.679E9 -
5 -4.338E9 +3.6E9 -
6 -4.603E9 _ ~2.145E9 -15%
7 -4,129E9 ' +1.422E10 -
8 -4.338E9 ' +1.387E10 -

It can be seen from Tab}e 1 that the process

of the present invention as well 2as the RTA and high
-
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I's made through the insulating |layer to the sem conductor substrate. A

barrier layer is deposited confornally over the surface of the insulating
| ayer amd within the contact opening. A stress buffer | ayer is dep05|ted
overlying the barrier |ayer wherein the. stressr O -
vol cano defects. A tungsten plug is forned wt
conplete the formation of the tungsten glyug n9|aII|ZBEPDNCEDthout vol cano

defects in rication of an |ntegrated Ci BRI
DESCRI PTI Oﬁgﬁ ﬁ WNGS In the acconpanyi ng dr aW| ngs for mng a

temperature furnace annealing processes result in the absence
of volcano defects. The low temperature furnace annealing
‘process shows non-uniformity, as evidenced by the large
difference in measured stress between the two runs, and also

shows the presence of volcano defeéts.

Although the RTA and high temperature furnace
annealing processes result in-the prevention of’voicano
defects, it is desirable fo keep the thermal budget . as low as
possible. The process of the present invention prevents

volcano defects and does not increase the thermal budget.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it.will be understood by thosg 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:

/
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material part of this description, there ils TsHORHEET HASGERN ﬁl 1 _
schematically illustrates in cross-sectional refd3&GER i on 4l conventi ona

. tungs&MQeias-Y6Dcess of the prior art. Fig. 2 sphenatléélIy_|IIystrat¢s a
top view of the bonding pad area of a prlor art integrated circuit device
. including vol cano defects. _

temperature furnace annealing processes résult in the absence
of volcano defects. The low temperature furnace annealing
process shows non-uniformity, as evidenced by the large
difference in measured stress between the two runs, and also

shows the presence of volcano defeéts.

Although the RTA and high temperature furnace
annealing processes result in-the prevention of voicano
defects, it is desirable to keep the thermal budget as low as
possible. The process of the present invention prevents

volcano defects and does not increase the thermal budget.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that wvarious changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:

(L
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Figs. 3 through 8 schemati ' trate in cross-sectiona
representation a preferred7 n ” lﬂl P T ommer ot ur e, DESGROPT!
DESCRI PTI ON CF

graphically illustrates stressc of tenperature.
j ere
Fhere

THE PREFERRED EMBODI MENTS Referring now nor e partic
Is illustrated a portion of a partially conpleted i

Is shown a s d or substrate 10, preferably c
nonocr yst al I'rﬁ%cg% Lig% Sour ce/ drain regﬁ%ns 14 are formed as 15
understood in the

1. A method of forming tungsten plug metallization
without volcano defeﬁts in the fabrication of integrated
circuits comprising:

providing semiconductor device structures in and on
a semiconductor substrate; |

providing an insulating layer covering said
semiconductor device structures wherein a contact
opening is made through said insulating 1ayer_to said
semiconductor substrate; |

depositing a barrier layer conformally over the
surface of said insulating layer and within said contact
opening:;

depositing a stress buffer layef overlying said
barrier layer wherein said stress buffer laYef prevents
volcano defects; and

forming a tungsten plug within said contact
opening to complete said formation of said tungsten plug

metallization without volcano defects in said

fabrication of said integrated circuit.

2. The method according to Claim 1 wherein said barrier
layer is composed of a first layer of titanium having a
thickness of between about 500 to 1000 Angstroms and a
second layer of titanium nitride having a ihickness of

between about 500 to 1500 Angstroms.
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art either before or after formation of gate el ectrodes (not shown). -

7 - An interlevel dielectri ed of borophosphosilicate
S , borosilicate gc| ﬂm ||| mﬂmsphom | i cate glass (PSG, or
r

gl ass (BPSG

the |ike,

I s deposited over the sau

Lac® O

structures to a thickness of between about 5000 to 1*ﬂﬁﬁﬁ5§T A$ BREN

TSMC-95-167 -13 -

LACED

3. The method according to Claim 1 wherein said
stress buffer layef is'composed of tungsten silicide and
is deposited by chemical vapor deposition to a thickness

of between about 500 to 1500 Angstroms.

4. The ﬁethod according to Claim 1 wherein said tungsten
plug is deposited using WFes gas as a precursor and
wherein the presence of said stress buffer layer
prevents the formatibn of stress cracks in said
underlying barrier layer and wherein the prevention of
said stress crgcks prevents the penetration of said WFs
gas into said barrier layer and wherein said prevention
of said penetration of said WFe gas prevents the

formation of said volcano defects.

5. A method of forming tungsten plug metallization
without volcaﬁo defects in the fabrication of integrated
circuits comprising:

providing semiconductor device structures in and on
a semiconductor substrate;

providing an insulating laYer covering said
semiconductor device structures wherein a contact
opening is made through said insulating layer to said
semiconductor substrate;

depositing a glue layer conformally over the
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contact hole 22 is opened thrgﬂ h tﬁémTﬁgﬁréfing | ayer to the source/drain

region 14 within the sem confl mytmmm as showmn in Fig. 4. Referring
now'to Fi‘g. 5, a glue |ayer lﬂﬂ”ornalLy over the surface of
the insulating layer 20 and;mﬁthln'thé cén;act hol Taﬁ; Y Hkg%ﬁ#ﬁz r
preferably is conposed of titanium24 and is depogjte 2Eh por
deposi tion ¢ gl Ppysi cal vapor deposition (PVIHA chkngss 01 .
bet ween abou 00 t0 1000 Angstrons. Atitdmumnitride barrier layer 26 is
deposited conformally over the glue |ayer 24 by CVD or PVD to a thickness

of

surface of said insulating layer and within said contact
opening;

depositing a barrier layer conformally over said
glue layer;

depositing a stress buffer layer overlying said
barrier layer wherein said stress buffer layer prevents
volcano defects; and

forming a tungsten plug within said contact
opening to complete said forﬁation of said tﬁﬁgsten plug

metallization without volcano defects in said

fabrication of said integrated circuit.

6. The method according to Claim 5 wherein said glue
layer is composed of titanium having a thickness of

between about 500 to 1000 Angstroms.

7. The method according to Claim 5 wherein said barrier
layer is composed of titanium nitride having a thickness

of between about 500 to 1500 Angstroms.

8. The method according to Claim 5 wherein séid stress
buffer layer is composed of tungsten silicide and is
deposited by chemicél vapor deposition to a thickness of
between about 500 to 1500 Angstroﬁs.

—_— —
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bet ween about 500 to lSGﬂ‘#ﬂgsrTU—_‘”Arférnativer, a thick layer of

titani umcoul d be deposi | ating | ayer 20. The titanium

| ayéer is nltrldedtoforlmﬂ ﬁl Nﬁridelayer within the top portion

of the titaniuml ayer, wn gl tani umlayer 24 and titaniumnitride

| ayer 26, as shown in Fig. 5. Vol cano def ects @Fe—etFeved=te=f >34l t

fromstress-induced deformati on of the THM barrie 'Wﬂ&ﬁHLEEHASBEEN
TSMC-95-~167 .

REPLACED

—_——

9. The method according to Claim 5 wherein said tungsten
plug is deposited using WFs gas as a precursor and
wherein the presence of said stress buffer layer |
prevents the formation of stress cracks in said
underlying barrier layer and wherein the prevention of
said stress cracks prevents the penetration of said WFse
gas thfough said barrier layer to said glue ‘layer and
wherein said preéention of said penetration of said WFe

gas prevents the formation of said volcano defects.

10. A method of forming tungsten plug metalliza ...
without volcano defects in the fabrication of integrated
circuits comprising:

providing semiconductor device structures in and on
a semiconductor substrate;

providing an insulating layer covering said
semiconductor device structures wherein a contact
opening is made through said insulating layer to said
semiconductor substratef

depositing a titanium layer conformally over the
surface of said insulating layer and within said contact
opening; . |

forming a titanium nitride layer overlying said
titanium layer:; |

depositing a stress buffer layer overlying said

his Sheet Has Been Replaced
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descri bed herei nabove. Al reliable thermal treatnents to enhance the

|ntegr|ty of the TiN fi bmehangethe frtTmstress fron1conpreSS|ve to .
tensile. 'As di scussed above ment i s ungeskrable because of
| ow t hroughput. The key f w’i fﬂm}w{' sent i nveryt s $I$Eé1hﬁA BEEN ||
I ntroduction of a stress ng tensil g strerspiiitE

effectively stops the vol cano defects. Referring nowtFo~Frg—f—a=Cal
stress buffgépkgégr%é; havi ng | ow resi stah€e-i s deposited conformally over

t he surface arrier layer 26. The stress buffer |layer 42 may be
conposed of tungsten silicide or any other

titanium nitride layer wherein said stress buffer layer
prevents the formation of stress cracks in said
titanium nitride layer; and

forming a tungsten plug within said contact
opening using WFes gas as a precursor wherein said
prevention of said stress cracks prevents the
penetration of said WFe gas through_said titanium
nitride layer to said titanium layer and wherein said
prevention of said penetration of said WFe gas prevents
the formation of said volcano defects to complete said
formation of said tuﬁgsten plug metallization without
volcano defects in said fabrication of said integrated

circuit.

11. The method aécording to Claim 10 wherein said
titanium laYer has a thickness of between about 500 to

1000 Angstroms.

12. The method according to Claim 10 wherein said
titanium nitride layer has a thickness of between about

500 to 1500 Angstroms.

13. The method according to Claim 10 wherein said stress
buffer layer is composed of tungsten silicide and is

deposited by chemical vapor deposition to a thickness of
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dielectric material such as titaniumsiliei-de, cobalt silicide, or the
| i ke, and is deposited by CVD to a thickness of between about 500 to 1500

Angstrons. This stress buf m““ﬂ“ﬂmﬁ |des enough prot ectl on of the

underlying Ti/Ti N barrier volcano bblb égﬁy een
proven experinentally. Referrlhg hom1to Fig. 7,
rr

deposited over the surface of the substraqg u3|ng [
chem cal vapor deposition chanber. :
TSMC-95-167

between about 500 to 1500 Angstroms.
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9 Referring nowto Fig. 8, the tungsten is etched back to formthe tungsten
plug 28 within the contact hole. The second netallization 44, such as an

al um num*al | oy, is deposited and patterned. A passivation |ayer 46

conpl etes fabrication of the integrated circuit. O course, other processes
may be perforned such as an internetal dielectric deposition and further
metal lization, as is well known in the arg/s EXAMPLE.
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The follow ng Exanple is given to show the inportant features of the
invention and to aid in the understanding thereof. Variations may be nade
by ohe sKilled in the art without departing fromthe spirit and scope of
the invention. Fig. 9 graphically illustrates stress as a function’ of
tenperature. "+" represents tensile stress and "-" represents conpressive
stress (as deposited) in Fig. 9 and in Tatg({% 1. In an experinent, the
inventors conformally deposited 400 Angstronms of titaniumw thin a contact
hol e

I

L N+ 14
10

FIG. 8
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foll owed by 1000 Angstrons of titaniumnitride. Stress was - 10 -
measured in [err] for -each wafer after the Ti/TiN |layer was deposited. This
is shown'in the second colum of Table 1. Four methods of preparing the
barrier layer for tungsten deposition were perforned, two trials for each
met hod. The first nethod was a RTA at [err] for 1 mnute. The second nethod
was a [err] stress buffer |ayer of the pr§§%nt

~

22 ve
f _ f/
>—24

20

FIG. 6

26
24

(T

20

10

FIG. 6



i nvention having a thickness of 500 Angstrons. The third nethod was furnace
annealing at [err] and the fourth nmethod was a furnace annealing at [err].
The Stress of the-barrier |ayer was neasured after each nethod was

conpl ete. Cbservations to detect volcano defects were nade after the
tungsten deposition. The results are shown in the follow ng table. TABLE 1
stress [err] after Vol cano rgps Ti/Ti N RTA | nvention
Fur nace Fur nace Defects depos. [err] [err]

/—- 28
GTI 777 7T T T
— Ut

10

FIG. 8



1 -4.272E9 +1. 587E10 -2 -4.514E9

+1. 548E10 - 3 -4. 045E9

+6. 745E9* - 4 -4. 731E9 +6. 679E9

- 5 -4. 338E9 +3. 6E9 ' - 6

-4. 603E9 - 2. 145E9 15% 7 -4.129E9
+1. 422E10 - 8 -4. 338E9 5 +1. 387E10 -

It can be seen from Table 1 that the pro{esss of the present invention as
wel | as the RTA and high
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- 11 - tenperature furnace annealing processes result in the absence of
vol cano defects. The | ow tenperature furiace anneallng process shows
nonsuntfiormty, as evidenced by the |arge differance—in—rrasured-o
bet ween the two runs, and al so shows the presen eTﬂﬁ;smEEmmmseﬁENCns

Al t hough the RTA and hi gh tenperature furnace aipeallngPpAOEBsses  esul t
the prevention of vol cano defects, it is desirabFe=o—Kkeep—the—the

budget as | ow as
TSMC-95~167
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VOtCANO DEFECT-FREE TUNGSTEN PLUG

ABSTRACT

A new method of metallization using a tungsten plug is
described. Semiconductor device structures are provided in
and on a semiconductor substrate. Ah insulating layer covers
the semiconductorldevice structures wherein a contact opening
is made through the insulating layer to the semiconductor
substrate. A barrier layer is deposited conformaiiy over the
surface of the insulating layer and Qithin the contact
opening. A stress buffer layer is deposited overlying the
barrier layer wherein the stress buffe; layer prevents
volcano defects. A tungsten plug is formed within the
contact opening to complete the formation of the tungsten
plug metallization without volcano defects in the fabrication

of an integrated circuit device.

(FIGURE 3 IS SUGGESTED FOR PUBLICATION)
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does not

The process of the present invention pre}egEsa M%ﬁﬂpoggé? s and
i ncrease the thermal budget. Wiile the inyention has been

particularly shown and described with reference tollths f \
enbodi nents thereof, it will be understood by thos °<e ? BEC€1¥N

t hat

various changes in formand details may be nade w t hout departlng fromthe
spirit and scope of the invention. Wat is_clained I S:

VOLCANO DEFECT-FREE TUNGSTEN PLUG

BACKGRQUND OF THE INVENTION

(1) Field of the Invention

The invention relates to a method of
métallization in the fabrication of integrated circuits, and
more particularly, to a method of tungsten metallization
preventing peeling of the tungsten or underlying élue layer

called the volcano defect in the manufacture of integrated

circuits.

(2) Description of the Prior Art

Tungsten~plug metallization is well-known in
the art. A conventional tungsten plug process of the prior
art is illustrated in Fig. 1. Referxring now to Fig. 1, there
is shown semiconductor substrate 10. A contact hole has been
opened through interlevel dielectric layer 20 to source/drain
region 14. A titanium glue layef 24 and titanium nitride
barrier layer 26 have been.deposited over the surface of the
substrate and within the contact hole. A layer of tungsten
28 is depésited which will form a plug within. the contact -
hole. The titanium nitride (TiN) barrier layer 26 can
prevent the penetration of WFe gas during the tungsten

deposition step. However, the nucleation step of the




11 tenperature furnace annealing processes result >
defects.” The | ow tenperature furnace annealing profeBEPIARIEENT SHEET
non-uni formty, as evidenced by the |large differenge in%aﬂEﬁMtress
between the two runs, and al so shows the presence ¢fPa®f-cano-defects,
Al t hough the RTA and high tenperature furnace annedl THNg processSes result in
the prevention of vol cano defects, it is desirable to keep the thernal
budget as | ow as possible. The process of the present invention prevents

tungsten chemical. vapor deposition (CVD) process has a WFs
gas rich chamber condition. If the WFs gas penetrates
through the TiN layer, the WFe gas can react with the
titanium molecules to form TiF> gas. The continuous out-
gassing of TiFa through the deposited tungsten film will
Create a mountain-shaped opening 30 on top of the tungsten

film. This is the so-called volcano defect.

If the deposition of the tungsten film is
conducted right after the TiN deposition, the volcano defects
are more likely to be observed. Voids or cracks 32, due to
compressive stress are formed in the TiN film, especially
near the sharp corner of the contact hocle. The WFs¢ can
easily pass through these voids to react with the underlying
titanium. . The titanium might also be exposed to the WFs due

to poor step coverage of the TiN film.

In order to compensate for poor step coverage
of the TiN film and the strength of the TiN structure near
the sharp corner of the contact hole, a Rapid Thermal
Annealing (RTA) treatment is inserted between TiN deposition
and tungsten deposition. Because oI the instrument hardware
configuration limitation, the RTA treatment throughput is too
low compared with the other processes and the equipment

itself is hard to maintain. The RTA treatment becomes 2



i mal budget. While the
ts and does not increase the ther : (
yolca?poﬁeagg been particularly shown and described wth referenCF TnA{n
I nvent | ; ; be under st oo ’1%@ ﬁ&%lﬂsﬁﬁ :

[ t will
referred embodi ments thereof, i _
Phe art that wvarious changes in form and de;allstrg
departing fromthe spirit and scope of the inven
- 3 -

alned S:

bottleneck for the whole process flow.

Volcano defects have been observed frequently'
on the scribe lines, seal rings, and bonding pads rather than
on the small contact areas. Fig. 2 illustrates a top view of
bonding pads 62. Volcano defects 30 can be seen in the area
of the bonding_pads. The most reasonable'explanation for
this phenomenon is the stress-induced deformation of the TIN
layer during the tungsten film growing step. As we know,
tungsten film exhibits strong tensile Stress. During the
tungsten CvD process, the stress induced deformations are
much more severe in the local areas with lengthy steep
corners such as the bonding pads, seal rings, and scribe
lines. Within these areas, more voids are generated and

thus, more volcano defects are formed.

In order to reduce thé pPossibilities for
volcano defects, it is necessary to reduce the stress
differences between the tungsten film and the underlying
Ti/TiN barrxer layer. Volcano defects are more likely to be
observed when the stress differences between the tungsten

film and the barrler layer is high.

U.S. Patent 5,397,742 to Kim teaches the

formation by Rapid Thermal Annealing (RTA) of a titanium



- 12 - 1. A met hod of form ng tungsten plug netallization w thout vol cano
defects'in the fabrication of integrated circuits conpr|5|ng prOV|o|ng

sem conductor device structures in and on a sem cand .
providing an insulating | ayer covering said Seﬁ1|o ' - e st uctures
wherein a contact opening is made through said ing '
sem conduct or substrate; depositing a bariler Iayvqyﬁgn

silicide layer on top of the TiN layer. Co—pending U.s.
Patent Application Serial No. 08/297,501 (TS93-039) to S. H.
.Hsieh filed on 8/29/94 teaches forming a furnace amorphous
silicon layer over the TiN layer. U.S. Patent 5,332,691 to
Kinoshita et al'teaches forming a highly amorphous silicon-

containing tungsten layer over the TiN layer.
SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of
tungsten plug metallization which prevents the volcano

defect.

Another object of the invention is to provide
‘2 method of tungsten plug metallization which reduces stress
differences between the tungsten film and the underlying

barrier layer.

Yet another object is to provide a method of
tungsten plug metallization which utilizes a stress buffer

layer on top of the TiN barrier layer to prevent the volcano

defect.



surface of said insulating |ayer and within said contact opening;
depositing a stress buffer |layer overlying said barrier |ayer wherein sa

stress buffer layer prevents vol cano defects; and forming a tungsten

Wi thin said contact opening to conplete said formati afﬁqgggﬁggﬁ
plug netallization without volcano defectsSin said f#{bpeechGHHE sai d

integrated circuit. 2. The nethod according to C ai mjl I 8¢ B d bar
is conposed of a first layer of titanium havin gﬁ@j"ﬁtguﬁﬂﬁ

| ayer

A still further object of the invention is to
provide a method of tungsten plug metallization which reduces
stress differences between the tungsten film and the
underl?ing barrier léyer by utilizing a stress buffer layer

on top of the barrier layer.

In accordance with the objects of this
invention a new method of metallization using a tungsten plug
is achieved. Semiconductor device structures are“provided in
and on a semiconductor substrate.. An insulating layer covers
the semiconductor device structures wherein a contact opening
is made through the insulating layer to the semiconductor
suﬁstrate. A barrier layer is deposited conformally over the
surface of the insuléting layer and within the contact
oéening. A stress buffer layer is deposited overlying.the
barrier layer wherein the stress buffer layer prevents
volcano defects. A tungsten plug is formed within the
contact opening to complete the formation of the tungsten
plug metailization without volcano defects in the fabriéation

of an .integrated circuit device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the acéompanying drawings forming a

material part of this description, there is shown:

id




t hi ckness of between about 500 to 1000 Angstrons and a second | ayer of
titaniumnitride having a thickness of between about 500 to 1500 Angstromns.
- 13 - 3. The nethod according to Caim1 wherein said stress buffer |ayer
i s conposed of tungsten silicide and is deposited by ch
deposition to a thickness of between about 500 to 1500 AERLAGEMENT SHEET |

Fig. 1 schematically illustrates in
cross-sectional representation a conventional tungsten plug

process of the prior art.

Fig. 2 schematically illustrates a top view of
the bonding pad area of a prior-art integrated circuit device

including volcano defects.

Figs. 3 through 8 schematically illustrate in
cross-sectional representation a preferred embodiment of the

present invention.

Fig. 9 graphically illustrates stress as a

function of temperature.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 3,
there is illustrated a portion of a partially c0mpleted.
integrated circuit. There is shown a semiconductor substrate
10, preferably composed of monocrystalline silicon.
Source/drain regions 14 are formed as is understoo& in the

art either before or after formation of gate electrodes (not

shown).



4. The method according to Claim1 wherein said tungsten plug is deposited
using W6 gas as a precursor and wherein the presence of said stress buffer
| ayer prevents the formation of stress cracks in said underlylng barrier

| ayer and wherein the preventi.on of said stress cr @ f€ﬁF§=F#e=j
penetration of said [err] gas into said barrier |ay Eﬂﬁﬁﬁﬁﬁﬂfﬁga'd
prevention of said penetration of said [err] gas far ven ﬂﬂxhat on of
said vol cano defects. 5. A nethod of "forfmM™mg tung i Diuq retal-d-+-zafli on
wi t hout vol cano defects in the fabrication of integrated

An interlevel dielectric layer 20, composed of
borophosphosilicate glass (BPSG), borosilicate glass (BSG),
or phosphosilicate glass (PSG), or the like, is deposited
over the surface of the semiconductor device structures to a
thickness of between about 5000 to 15,000 Angstroms. A
contact hole 22 is oﬁened through éhe insulating layer to the
source/drain region 14 within the semiconductor substrate, as

shown in Fig. 4.

Referring nﬁw to rig. 5, a glue laver is
deposited conformally over the surface of the insulating
layer 20 and within the contact hole 22. The glue layer
preferably is composed of titanium 24 and is deposited by
chemicél vapor deposition (CVD) or physical vapor deposition
(PVD) to a thickness of between about 500 to 1000 Angstroms.
A titanium nitride barrier layer 26 is deposited conformally
over thé blue layer 24 by CVD or PVD to a thickness of

between about 500 to 1500 Angstroms.

Alternatively, a thick layer of titanium could
be deposited ovér the insulating layer 20. The titanium
layer is nitrided to form a titanium nitride layer within the
top portion of the titanium layer, resulting in titanium

layer 24 and titanium nitfide layer 26, as shown in Fig. 5.



circuits conprising: providing sem conductor device structures in and on a
sem conduct or substrate; providing an insulating |ayer covering said

semi conduct or device structures wherein a contact opening is made through
said insulating layer to said sem conductor substrate; depositing a glue

| ayer conformally over the

Volcano defects are believed to result from
stress-induced deformation of the TiN barrier layer, as
described hereinabove. All reliable thermal treatments to
enhance the integrity of the TiN film change the film stress
from compressive to tensile. As discussed above, thermal
treatment is undesirable because of low throughput. The key
feature of the present invention is the introduction of a
stress buffer layer having tensile stress which effectively

stops the volcano defects.

Referring now to Fig. 6, a cap stress buffer
layer 42 having low resistance is deposited conformally over
the surface of the barrier layer 26. The stress buffer layer
42 may be composed of tungsten silicide or any other
dielectric material such as titanium silicide, cobalt
silicide, or the like, and is deposited by CVD to a thickness
of between about 500 to 1500 Angstroms. This stress buffer
layer 42 provides enough protection of the underlying Ti/TiN

barrier layer to prevent volcano defects. This has been

proven experimentally.

Referring now to Fig. 7, tungsten 28 is
blanket deposited over the surface of the substrate using WFe

as a precursor in a chemical vapor deposition chamber.



-14 - surface of said insulating |layer and within said contact opening;
depositing a barrier layer conformally over said glue |layer; depositing a
stress buffer |ayer overlying said barrier |layer wherein said stress buffer

| ayer prevents vol cano defects; and formng a tungstﬁﬁ,g%gﬁ eNT S iItEE

contact opening to conplete said formation of said t Iﬂ%c 1906
metal | ization without vol cano defects in_said

Referring now to Fig. 8, the tungsten is
etched back to form the tungsten plug 28 within the contact
hole. The second metallization 44, such as an aluminum
alloy, is deposited and patterned. A passivation layer 46
completes fabrication of the integrated circuit. Of course,
other processes may be performed such as an intermetal
dielectric deposition and further metallization, as is well

known in the art.
EXAMPLE

The following Example is given to show the
important features of the invention and to aid in the
understanding thereof. Variations may be made Sy one skilled
in the art without departing from the spirit and scope of the

invention.

Fig. 9 graphically illustrates stress as a
function of temperature. "+" represents tensile stress and
-" represents compressive stress (as deposited) in Fig. 9

and in Table 1.

In an expe:imeﬁt,.the inventors conformally
deposited 400 Angstroms of titanium within a contact hole

followed by 1000 Angstroms of titanium nitride. Stress was



fabrication of said integrated circuit. 6. The nethod according to daim5
wherein said glue | ayer is conposed of titanium having a thlckness of
bet ween about 500 to 1000 Angstrons. 7. The nethod a

—

wherein said barrier layer is conposed of titanium n{jt RERIAGEMENGSHEET -
thi ckness of between about 500 to 1500 Angstroms. 8. }iThe qpy rdifpg
to Caimb5 wherein said stress buffer Iayﬁ; i S compofEeRDf £ uTTGEL MW ... :
silicide and is deposited by chenical vapor deposition to a Lnucxﬂess+o}

bet ween about 500 to 1500 Angstrons.

measured in dynes/cm?® for each wafer after the Ti/TiN layer
was deposited. This is shown in the second column of Table
1. Four methods of preparing the barrier layer for tungsten
deposition were performed, two trials for each method. The
first method was a RTA at 640 °C for 1 minute. The second
method was a WSi. stress buffer layer of the present
invention having a thickn;ss of 500 Angstroms. The third
method was furnace annealing at 450 °C and the fourth method
was a furnace annealing at 660 °C. The stress of the-barrier
layer was measured after each method was complete.
Observations to detect volcano defects were made after the

tungsten deposition. The results are shown in the following

table.
TABLE 1

stress (dynes/cm*®) after Volcano

run Ti/TiN RTA Invention Furnace Furnace Defects
depos. (450 =C) (660 =C)

1 -4 .272E9 +1.587E10 -
2 ~4.514E9 +1.548E1l0 -
3 -4,045E9 +6.745E9 -
4 -4.731E9 +6§.6879E9 -
5 -4,338E9 +3.6E9 -
6 -4.603E9% -2.145E9 “15%
7 -4_.129E9 +1.422E10 -
8 -4 _.338E9 +1.387E10 -

It can be seen from Table 1 that the process

of the present invention as well as the RTA and high



16 9. The nmethod according to Claim5 wherein said tungsten plug is
deposited using [err] gas as a precursor and wherein the presence of said
stress buffer |ayer prevents the formation of stress _cracks in ' )
underlying barrier |layer and wherein the preventio %EP b EMENT SHEETT

prevents the penetration of said [err] gas throughisalrd barrier |ayerfito
said glue layer and - 11 - Date 67D G50 aens

temperature furnace annealing processes result in the absence
of volcano defects. The low temperature furnace annealing
process shows non-uniformity, as evidenced by the large
difference in measured stress between the two runs, and also

shows the presence of volcano defects.

Although the RTA and high temperature furnace
annealing processes result in-the prevention of wvolcano
defects, it is desirable to keep the thermal budget .as low as
possible. The process of the present invention prevents

volcano defects and does not increase the thermal budget.

While the invention has been particularly
shown'and described with reference to the preferred
embodiments thereof, it will be understood by thosg 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:



wherein said prevention of said penetration of saifg_{ ) t he
formati on of said volcano defects. 10. A nethod of Fﬁgkéﬁﬁﬂgﬁﬁgi en W ug
nmetal li zati on wi thout vol cano defecLs1in_Ihe fabri 6t{qy7ougcnﬁ§§[§§
circuits conprising: providing seniconductor devi de 8 NcTnres 1 on a

sem conductor substrate; providing an insulating |layer covering said
sem conduct or device structures wherein a contact opening is nmade through
said insulating |ayer to said sem conductor substrate;

temperature furnace annealing processes result in the absence
of volcano defects. The low temperature furnace annealing
process shows non-uniformity, as evidenced by the large |
difference in measured stress between the two runs, and also

shows the presence of volcano defects.

Although the RTA and high temperature furnace
annealing processes result in-the prevention of volcano
defects, it is desirable to keep the thermal budget as low as
possible. The process of the present invention prevents

volcano defects and does not increase the thermal budget.

While the invention has been particularly
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 sbirit and scope of the

invention.

What is claimed is:

-
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depositinng a titaniumlayer confornally over the sf

layer and within said contaet—opening; formng a tj| tREPLAGER]
buf Iayer

overlying said titanium l“‘ﬁ“ mdepole ng a stres
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1. A method of forming tungsten plug metallization
without volcano defects in the fabrication of integrated
circuits comprising:

providing semiconductor device structures in and on
a semiconductor substrate;

providing an insulating layer covering said
semiconductor device structures wherein a contact
opening is made thraugh said insulating layer to said
semiconductor substrate; |

depositing a barrier layer conformally over the
surface of said insulating layer and within said contact
opening;

depositing a stress buffer layer overlying said
barrier layer wherein said stress buffer layer prevents
volcano defects; and

forming a tungsten plug within said contact
opening to complete said formation of said tungsten plug
metallization without volcano defects in said

fabrication of said integrated circuit.

2. The method according to Claim 1 wherein said barrier
layer is composed of a first layer of titanium having a
thickness of between .about 500 to 1000 Angstroms and a

second layer of titanium nitride having a thickness of

between about 500 to 1500 Angstroms.



prevents. the for

Tracks in said titaniumnitride |ayer;

formng a tungsten pl ug wit d contact opening using [err] gas as a
precur sor wher ei ;\“m m ﬂtﬂ‘\g of said stress cracks prevents the

penetration of s
titaniumlayer and wherein said prevention of sai
[err] gas prevents the formation of said_vol cano
formation of said tungsten plug netal M 2dtion wit hout vol (&i?(hgﬁ ﬁg ;
said fabrication of said integrated ‘ Date t......tt

3. The method according to Claim 1 wherein said

#ough said titaniumnitride layer to said
Fat ool ajid

cRERLACEMENE SHEE e sai d

in

stress buffer layer is composed of tungsten silicide and

is deposited by chemical vapor deposition to a thickness

of between about 500 to 1500 Angstroms.

4. The method according to Claim 1 wherein said tungsten

Plug is deposited using WFe gas as a precursor and
wherein the presence of said stress buffer layer
prevents the formation of stress cracks in said
underlying barrier layer and wherein the prevention of
said stress crécks prevents the penetration of said WFe
gas into said barrier layer and wherein said prevention
of said penetrétion of said WFes gas prevents the

formation of said volcano defects.

5. A method of forming tungsten plug metallization

without wvolcano defects in the fabrication of integrated

circuits comprising:

providing semiconductor device structures in and on

& semiconductor substrate;

providing an insulating layer covering said
semiconductor device structures wherein a contact
opening is made through said insulating layer to said
semiconductor substrate;

depositing a glue layer conformally over the



circuit. 11. The method according to Caim 10 wherein said titaniuml ayer

has a thi cknress—ef between about 500 to 1000 Angstrons. 12. The nethod
according to Claim 10 wherein said titaniumnitride | ayer has a thickness

of between abf " ﬂﬂ&ﬂ"ﬂﬂﬂf&"ﬁngstrons. 13. The method according to  aim
10 wherein sa Il ayer is conposed of tégpﬁ&gﬂ ShT EREEP fnd s
deposited by chem cal '\/'apcfr deposition to a thickngss-o 0’,} EEC

- - Date .......... p ........ @EB .... ...... l

surface_of said insulating layer and within said contact
opening;

depositing a barrier layer conformally over said
glue layer; |

depositing a stress buffer layer overlying said
barrier layer wherein said stress buffer layer prevents
volcano defects; and

forming a tungsten plug within said contact
opening to complete said formation of said tuﬂgsten plug
metallization without volcano defects in said

fabrication of said integrated circuit.

6. The method according to Claim 5 wherein said glue
layer is composed of titanium having a thickness of

between about 500 to 1000 Angstroms.

7. The method according to Claim 5 wherein said barrier

layer is composed of titanium nitride having a thickness

of between about 500 to 1500 Angstroms.

8. The method according to Claim 5 wherein séid stress
buffer layver is composed of tungsten silicide and is

deposited by chemical vapor deposition to a thickness of

between about 500 to 1500 Angstroms.



17 ?etmpen about 500 to 1500 éngsﬁrons_
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9. The method aécording to Claim S wherein said tungsten
plug is deposited using WFs gas as a precursor and
wherein the presence of said stress buffer layer
prevents the formation of stress cracks in said
underlying barrier layer and wherein the prevention of
said stress cracks prevents the penetration of said WFe
gas through said barrier layer to said glﬁe layer and
wherein said prevention of said penetration o; said WFe

gas prevents the formation of said volcano defects.

10. A method of forming tungsten plug metéllizaz-vu
without volcanc defects in the fabrication of integrated
circuits comprising: -

providing semiconductor device structures in and on
a semiconductor substrate;

providing an insulating léyer covering said
semiconductor device structures wherein a contact
opening is made through said insulating layer to said
semiconductor substrate;

depositing a titanium layer conformally over the
surface of said insulating layer and within said contact
opening;

forming a titanium nitride layer overlying said

titanium layer:

depositing a stress buffer layer overlying said
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titanium nitride layer wherein said stress buffer layer
prevents the formation of stress cracks in said
titanium nitride layer; and

forming a tungsten plug within said contact
opening using WFe gas as a precursor wherein said
Prevention of said stress cracks prevents the
penetration of said WFe gas through said titanium
nitride layer to said titanium layer and wherein said
prevention of said penetration of said WFs gas prevents
the formation of said volcano defects to complete said
formation of said tungsten plug metallization without
volcano defects in said fabrication of said integrated

circuit.

11. The method according to Claim 10 wherein said
titanium layer has a thickness of between aboit 500 to

1000 Angstroms.

12. The method according to Claim 10 wherein said
titanium nitride layer has a thickness of between about

500 to 1500 Angstroms.

13. The method according to Claim 10 wherein said stress
buffer layer is composed of tungsten silicide and is

deposited by chemical vapor deposition to a thickness of
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. s.
between about 500 to 1500 Angstrom




VOLCANO DEFECT-FREE TUNGSTEN PLUG

ABSTRACT

A new method of metallization using a tungsten plug is
described. Semiconductor device structures are provided in
and on a semiconductor substrate. An insulating layer covers
the semiconductor device structures wherein a contact opening
is made through the insulating layer to the semiconductor
substrate. A barrier layer is deposited conformally over the
surface of the insulating layer and within the contact
opening. A stress buffer layer is deposited overlying the
barrier layer wherein the stress buffer laver prevents
volcano defects. A tungsten plug is formed within the
contact opening to complete the formation of the tungsten
plug metallization without volcano defects in the fabrication

of an integrated circuit device.

(FIGURQ 3 1S SUGGESTED FOR PUBLICATION)
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