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Plaintiffs Agere Systems Inc. and LSI Corporation (collectively, “Plaintiffs”) state the
following as their complaint against Defendants UMC Corporation and UMC Group (USA)

(collectively, “Defendants™).

THE PARTIES

1. Agere Systems Inc. is a corporation organized under the laws of Delaware. Agere
Systems Inc. is engaged in the business of designing, developing, marketing, and selling
semiconductor products. Agere Systems Inc. is a wholly-owned subsidiary of LSI Corporation.

2. LSI Corporation is a corporation organized under the laws of Delaware with a
principal place of business at 1621 Barber Lane, Milpitas, California, 95035. LSI Corporation is
engaged in the business of designing, developing, marketing, and selling semiconductor products.

3. On information and belief, UMC Corporation is a corporation organized and existing
under the laws of Taiwan, with a principal place of business at No. 3 Li-Hsin 2nd Road, Hsinchu
Science Park, Hsinchu, Taiwan. UMC Corporation provides, among other services and products,
microchip foundry services to other semiconductor firms, including through its subsidiaries such as,
but not limited to, UMC Group (USA).

4, On information and belief, UMC Group (USA) is a corporation organized and
existing under the laws of California, with a principal place of business at 488 De Guigne Dr.,
Sunnyvale, California, 94085. UMC Group (USA) is a wholly-owned subsidiary of UMC
Corporation. UMC Group (USA) provides, among other services and products, microchip foundry

services to other semiconductor firms through UMC Corporation and UMC Corporation’s other

subsidiaries.
NATURE OF THE ACTION
5. This is an action for patent infringement.
6. Defendants have infringed and continue to infringe, have actively induced and

continue to actively induce others to infringe, U.S. Pat. Nos. 5,149,672, 6,153,543, 5,599,739, and
5,693,561 (collectively, “Plaintiffs’ patents”).
JURISDICTION AND VENUE

Complaint for Patent Infringement
Demand for Jury Trial
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7. This action is for injunctive relief and damages for patent infringement and arises
under the United States patent laws (35 U.S.C. §§ 271, ef seq.). This Court has subject matter
jurisdiction under 28 U.S.C. §§ 1331 and 1338.

8. Venue is proper in this judicial district under 28 U.S.C. §§ 1391 and 1400(b).

9. On information and belief, Defendants regularly solicit and conduct business in
California and within this judicial district and committed, and continue to commit, tortuous acts of
patent infringement within and outside of California and this judicial district. This Court has

personal jurisdiction over Defendants.

INTRADISTRICT ASSIGNMENT

10.  Assignment of the case in this division is appropriate because Intellectual Property

cases are assigned on a district wide basis. See Civil L.R. 3-2(c).

PLAINTIFFS’ PATENTS

11. U.S. Patent No. 5,149,672 (“the ‘672 patent”) entitled “Process for Fabricating
Integrated Circuits Having Shallow Junctions” was duly and legally issued to Nadia Lifshitz and
Ronald Schutz on September 22, 1992, and has been assigned to Agere Systems Inc. A true and
correct copy of the ‘672 patent is attached as Exhibit A.

12. U.S. Patent No. 6,153,543 (“the ‘543 patent”) entitled “High Density Plasma
Passivation Layer and Method of Application” was duly and legally issued to Daniel Chesire,
Edward Martin, Jr., Leonard Olmer, Barbara Kotzias, and Rafael Barba on November 28, 2000, and
has been assigned to Agere Systems Inc. A true and correct copy of the ‘543 patent is attached as
Exhibit B.

13. U.S. Patent No. 5,599,739 (“the ‘739 patent”) entitled “Barrier Layer Treatments for
Tungsten Plug” was duly and legally issued to Sailesh Merchant, Arun Nanda, and Pradip Roy on
February 4, 1997, and has been assigned to Agere Systems Inc. A true and correct copy of the ‘739
patent is attached as Exhibit C.

14. U.S. Patent No. 5,693,561 (“the ‘561 patent”) entitled “Method of Integrated Circuit

Fabrication Including a Step of Depositing Tungsten” was duly and legally issued to Sailesh

Complaint for Patent Infringement
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Merchant, Leonard Olmer, and Ronald Schutz on December 2, 1997, and has been assigned to Agere
Systems Inc. A true and correct copy of the ‘561 patent is attached as Exhibit D.
FACTUAL BACKGROUND

15.  As more fully described below, Defendants have been and still are carrying out
processes or methods that infringe Plaintiffs’ patents, and offering for sale, selling, using, or
importing into the United States products made by the processes patented in Plaintiffs’ patents,
without Plaintiffs’ authorization. Such products include microchips and products, systems, and
apparatuses that incorporate the microchips. Defendants’ infringement has caused and will continue
to cause irreparable harm to Plaintiffs unless enjoined by this Court.

16.  On information and belief, Defendants without authorization practice processes or
methods that infringe the ‘672 patent, and offer for sale, sell, use, or import into the United States
products made by the processes patented in the ‘672 patent, including, but not limited to, microchips
for Novatek, package part number NT7534H; Davicom, package part number DM9331AEP;
Trident, package part number SVP-PX58; Matrox, package part number MGA-G450-F; Broadcom,
package part number BCM7412; and Xilinx, package part numbers XC3S1400A and XC5VLXS50.
Defendants’ infringement has caused and will continue to cause irreparable harm to Plaintiffs unless
enjoined by this Court.

17.  On information and belief, Defendants without authorization practice processes or
methods that infringe the ‘543 patent, and offer for sale, sell, use, or import into the United States
products made by the processes patented in the ‘543 patent, including, but not limited to, microchips
for Trident, package part number SVP-PX58; and Matrox, package part number MGA-G450-F.
Defendants’ infringement has caused and will continue to cause irreparable harm to Plaintiffs unless
enjoined by this Court.

18.  On information and belief, Defendants without authorization practice processes or
methods that infringe the ‘739 patent, and offer for sale, sell, use, or import into the United States
products made by the processes patented in the <739 patent, including, but not limited to, microchips

for Davicom, package part numbers DM9101FP, DM8203EP, and DM9000BEP; Alpha and Omega
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Semiconductor, package part number AOZ80001J]; Novatek, package part number NT7534H;
Trident, package part numbers SVPLX7102, SVP-EX52, and SVP-PX58; Matrox, package part
number MGA-G450-F; Mediatek, package part number MT1888E; Xilinx, package part numbers
XC2S50E, XC2VP2, XC3S50A, XC35200, SC3S500E, and XC3S700A; and Broadcom, package
part number BCM7412. Defendants’ infringement has caused and will continue to cause irreparable
harm to Plaintiffs unless enjoined by this Court.

19.  On information and belief, Defendants without authorization practice processes or
methods that infringe the ‘561 patent, and offer for sale, sell, use, or import into the United States
products made by the processes patented in the ‘561 patent, including, but not limited to, microchips
for Davicom, package part numbers DM9101FP and DM9331AEP; Alpha and Omega
Semiconductor, package part number AOZ80001JI; Novatek, package part number NT7534H;
Trident, package part number SVP-PX58; Matrox, package part number MGA-G450-F; Broadcom,
package part number BCM7412; and Xilinx, package part numbers XC3S1400A and XC5VLXS0.
Defendants’ infringement has caused and will continue to cause irreparable harm to Plaintiffs unless
enjoined by this Court.

20. On information and belief, Defendants without authorization have been and are
actively inducing one or more third parties to infringe Plaintiffs’ patents.

21. On information and belief, Defendants’ acts set forth above have been willful,
wanton, and deliberate. Defendants’ continued infringement has caused and will continue to cause
irreparable harm to Plaintiffs unless enjoined by this Court.

FIRST CLAIM FOR RELIEF

(Infringement of U.S, Patent No. 5,149,672)
22. Plaintiffs incorporate by reference in this claim for relief the averments contained in
the paragraphs above.
23.  The acts of Defendants described above constitute direct infringement under 35
U.S.C. § 271(a), inducement of infringement under § 271(b), and infringement under § 271(g) of the

‘672 patent.

Complaint for Patent Infringement
Demand for Jury Trial
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SECOND CLAIM FOR RELIEF

(Infringement of U.S. Patent No. 6,153,543)
24.  Plaintiffs incorporate by reference in this claim for relief the averments contained in
the paragraphs above.
25. The acts of Defendants described above constitute direct infringement under 35

U.S.C. § 271(a), inducement of infringement under § 271(b), and infringement under § 271(g) of the

543 patent.
THIRD CLAIM FOR RELIEF
(Infringement of U.S. Patent No. 5,599,739)
26.  Plaintiffs incorporate by reference in this claim for relief the averments contained in

the paragraphs above.
27.  The acts of Defendants described above constitute direct infringement under 35

U.S.C. § 271(a), inducement of infringement under § 271(b), and infringement under § 271(g) of the

739 patent.
FOURTH CLAIM FOR RELIEF
(Infringement of U.S. Patent No. 5,693,561)
28.  Plaintiffs incorporate by reference in this claim for relief the averments contained in

the paragraphs above.
29.  The acts of Defendants described above constitute direct infringement under 35
U.S.C. § 271(a), inducement of infringement under § 271(b), and infringement under § 271(g) of the
‘561 patent.
PRAYER FOR RELIEF

WHEREFORE, Plaintiffs respectfully requests that this Court enter judgment in favor of
Plaintiffs, and against Defendants, as follows:

1. That Defendants have infringed, directly or indirectly, and continue to infringe
Plaintiffs’ patents, and that Defendants induced and continue to induce others to infringe Plaintiffs’

patents;

Complaint for Patent Infringement
Demand for Jury Trial
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2. That Defendants and any and all persons and entities acting in privity or concert with
Defendants or otherwise controlled by Defendants are enjoined against continued infringement of
Plaintiffs’ patents;

3. That Plaintiffs are awarded their money damages and injuries caused by Defendants’
acts;

4, That this case is exceptional, and accordingly the damages awarded Plaintiffs against
Defendants be increased three (3) times pursuant to 35 U.S.C. § 284, and that Plaintiffs be awarded
their reasonable attorneys’ fees and their costs pursuant to 35 U.S.C. § 285;

5. That Plaintiffs are awarded pre-judgment and post-judgment interest on any and all
money damages awarded to Plaintiffs; and

6. That Plaintiffs are awarded such other relief as the Court may deem just and proper.

DEMAND FOR JURY TRIAL

Plaintiffs demand a trial by jury as to all claims and all issues in this Complaint.

Respectfully submitted,
DATED: January 15, 2009 By, Aperen (Loe

Edward G. Poplawski

Spencer W. Ririe

SIDLEY AUSTIN LLP

555 West Fifth Street, Suite 4000
Los Angeles, California 90013-1010
Telephone: (213) 896-6000
Facsimile: (213) 896-6600

Attorneys for Plaintiffs
Agere Systems Inc., and
LSI Corporation

Complaint for Patent Infringement
Demand for Jury Trial
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[57) ABSTRACT

For integrated circuit devices with strict design rules,
junctions defining the source and drain are typically
more shallow than 0.25 um and are made through vias
having an aspect ratio greater than 1.1. Suitable electri-
cal contact to such a shallow junction is quite difficult.
To ensure an appropriate contact, an adhesion barrier
layer such as titanium nitride or an alloy of titanium and
tungsten is first deposited. Tungsten is then deposited
under conditions which produce a self-limiting effect in
a prototypical deposition on silicon. Additionally, these
tungsten deposition conditions are adjusted to higher
rather than lower deposition temperatures. Subsequent
deposition of aluminum if desired, completes the
contact.

6 Claims, 1 Drawing Sheet
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1

PROCESS FOR FABRICATING INTEGRATED
CIRCUITS HAVING SHALLOW JUNCTIONS

This application is a continuation of application Ser.
No. 07/617,464, filed on Nov. 19, 1990 which is a con-
tinuation of Ser. No. 07/226,917, filed Aug. 1, 1988
(now abandoned). :

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates to integrated circuit manufac-
ture and, in particular, manufacture of integrated cir-
cuits having shallow junctions.

2. Art Background

In the manufacture of integrated circuits, electrical
contact to junctions such as the source and drain of field
effect transistors is required. For these devices desirable
electrical properties include a junction contact resis-
tance Jess than 10 ohms and a junction leakage current
Jess than 10— 7 amps/cm?. Complexities inherent in strict
design rules make satisfaction of these requirements
- significantly more difficult. (The device design rule is
the smallest lateral dimension for all features within the
device circuit.) For example, since the source and drain
junctions are typically no deeper than 0.25 pm at submi-
crons design rules, any undesirable chemical reaction
with the junction induced by the fabrication process
quickly destroys it. Additionally, electrical contact is
made through an opening in an overlying dielectric to
the underlying junction region, e.g., drain or source
junction region. Typically, as a consequence of strict
design rules, this opening (via) has a high aspect ratio,
i.e., greater than 1.1. (Aspect ratio is defined as the
thickness of the dielectric at the junction divided by the
effective diameter of the via at the junction, i.e., the
diameter of & circle having the same area as the via at
the junction.) To contact the junction through a high
aspect ratio opening requires deposition of a conductive
material that conforms to or fills the opening so that the
conducting cross-section in the via is adequate to main-
tain an acceptably Jow current density and contact resis-
tance. Thus, in summary, 1o ensure 2 suitable contact,
undesirable chemical reaction with the junction should
be avoided while a coating that conforms to or fills the
via should be produced.

Generally, it is desirable to utilize aluminum as the
electrically conductive contact material because of its
high conductivity, etchability, excellent adhesion to
silicon oxide, and nominal cost. However, direct depo-
sition of aluminum to produce a suitable coating in & via
that has an aspect ratio greater than 1.1 has not been
reported. Thus, the simplicity and desirable characteris-
tics of direct aluminum deposition is not available.

Other contact materials have been investigated. For
example, the deposition of tungsien by a low pressure
chemical vapor deposition (LPCVD) technique has
been reported. (See, for example, N. E. Miller and 1L
Beinglass, Solid State Technol,,25 (12), 85 (1982), E. K.
~ Broadbent and C. L. Ramiller, J. Electrochem. Scc., 131,

1427 (1984), and E. K. Broadbent and W. T. Stacy, Solid
State Technol., 49(12), 51 (1985). This technique has the
advantage of allowing deposition into vias that have
aspect ratios greater than 1.1. However, there is a sub-
stantial undesirable interaction between the junction
(including a silicide overlying the silicon) and chemica)
entities introduced dursing deposition of the tungsten.
(See, for example, M. L. Green and R. A. Levy, Semi-

S

2
con East 1985 Technical Proceedings, 57 (1985), M. L.
Green and R. A. Levy, J. Electrochem. Soc., 132, 1243
(1985), G. E. Georgiou et al, Tungsten and Other Refrac-
tory Metals for VLSI Applications 11, E. K. Broadbent,
Editor, page 225, MRS, Pitisburgh, PA, 1987, and N.
Lifshitz ct al, Tungsten and Other Refractory Metals for
VLSI Applications 111, V. A. Wells, Editor, page 225,
MRS, Pittsburgh, PA, 1988.) Under certain conditions
this interaction is self limiting. That is, the amount of

10 junction silicon consumed during the deposition reaches

20

40
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60

a maximum value that depends on the reaction condi-
tions. Despite this self-limiting effect, the damage pro-
duced is still too extensive for junctions, such as source
and drain junctions, shallower than 0.25 pm. Addition-
ally, the adhesion between the deposited tungsten mate-
rial and the dielectric material, e.g., silicon dioxide, is
not entirely desirable. Thus, although tungsten under
appropriate conditions produces a conformal coating,
this coating still produces a device with unacceptable
characteristics.

SUMMARY OF THE INVENTION

It is possible through the use of specific expedients to
utilize a deposition of tungsten from tungsten hexafluo-
ride to form an acceptable shallow junction contact
through a high aspect ratio via. In particular, before -
tungsten deposition a layer that promotes adhesion be-
tween tungsten and silicon dioxide should be deposited.
Suitable layers include titanium nitride and alloys of
titanium and tungsten. These layers are perceived as
barriers to diffusion of tungsten entities. Nevertheless,
unless the subsequent tungsten deposition using tung-
sten hexafluoride is done under appropriate conditions,
suitable electrica) properties are not obtained,

A self-limiting reaction during deposition from tung-
sten hexafluoride is required despite the presence of a
material considered a barrier to tungsten diffusion. .
Even more surprisingly, appropriate conditions for
tungsten deposition are discernible utilizing a controlled
experiment involving silicon without such a barrier
layer, and improved yield is gencrally obtained at
higher, rather than the expected lower, deposition tem-
peratures.

Appropriate conditions for tungsten deposition are
determined by reference to results achieved when depo-
sition is done directly on a prototypical silicon substrate
implanted with the same total dose used in the device
ultimately to be manufactured. The deposition for pro-
ducing the desired contact to a shallow junction is per-
formed under conditions that produce a suitable self-
limiting effect when deposition is induced on a silicon
substrate. The tungsten deposition further 1) should be
performed in a temperature range between 250° C. and
600° C. and 2) in this range an appropriate temperature
should preferably be determined by noting the sell-
limiting thickness as deposition temperatures increase.

After a suitable tungsten deposition has been per-
formed, it is possible, if desired, to increase the thickness
of the metallization by depositing an overlying metal,
such as aluminum directly on all the deposited material
or onto the deposited material remaining after removal
of tungsten on lateral surfaces. The combination of an
adhesion layer, 2 tungsten layer deposited under appro-
priate conditions, and, if desired, an overlying metal
layer, such as aluminum, produces juctions having a
contact resistance less than 10 ohms, and a junction
leakage current less than 10—7 amps/cm?2,
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BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1 and 2 illustrate properties involved in the
invention.

DETAILED DESCRIPTION

The processing of integrated circuits has been exten-
sively discussed in the literature. Suitable conditions for
producing structures having shallow junctionms, ie.,
junctions shallower than 0.25 pm, with overlying di-
electric regions are discussed, for example, in VLSI
Technology, 2nd Edition, edited by S. M. Sze, McGraw-
Hill, 1988, page 364. Conventional methods are suitable
for making the via through the overlying dielectric
region. Generally, techniques such as reactive ion etch-
ing or plasma ctching are utilized. The inventive pro-
cess is useful for making contact through a via having
an aspect ratio greater than 1.1 to any shatlow junction
including transistor source and drain—structures typi-
cally including a silicide region overlying a silicon re-
gion.

A layer is first deposited to ensure adequate adhesion
between subsequently deposited Jayers and the dielec-
tric. For dielectrics such as a silicon oxide, e.g., silicon
dioxide, an appropriate adhesion layer includes compo-
sitions previously believed to be barriers to diffusion of
tungsten entities. These compositions encompass mate-
rials such as titanium nitride or titanium/tungsten al-
loys. Conventional methods of depositing these layers
are acceptable. Typically, processes such as magnetron
sputtering for titanium nitride and for tungsten/titanium
alloys as described in Materials Research Society Sympo-
sia Proceedings, 18, 89 (1982) and by P. B. Ghate et al,
Thin Solid Films, 53, 117 (1978) respectively are useful.
Generally, the adhesion layer should have a thickness
(measured on large lateral device surfaces) in the range
100 to 1500 A. Layers thinner than 100 A are not desir-
able because they lack reliable continuity, while thick-
nesses greater than 1500 A are not desirable because
they unacceptably complicate subsequent processing
such as etching. The composition and structure of suit-
able titanium nitride or titanium/tungsten alloys are
extensively described in papers such as M. Maenpaa et
al, Proceedings of the Symposium on Thin Film Interfaces
and Interactions, 80-2, 316 (1980).

Tungsten is then deposited by LPCVD using a pre-
cursor composition including tungsten hexafluoride and
a reducing agent such as hydrogen. The conditions
utilized for this deposition are important. Generally, the
deposition substrate should be heated to temperatures in
the range 250° C. to 600° C. Temperatures less than 250°
C. lead to inadequate deposition rates while tempera-
tures greater than 600° C, lead to undesirable interdiffu-
sions in the structure being formed and/or in other
device structures present on the wafer being processed.

The precise conditions suitable for the tungsten depo-
sition vary with reactor design. Appropriate conditions
are determined by performing a control sample in the
desired deposition apparatus utilizing 1) a precursor
composition including only tungsten hexafluoride and
argon and 2) a bare silicon prototype wafer that has
been subjected to an implant dose equivalent to the total
implant dose that is ultimately to be employed in the
device. Conditions should be chosen such that a seif-
limiting effect with a self-limiting thickness smaller than
the junction thickness is achieved on the silicon proto-
type wafer in the 250° C. to 600° C. temperature range.
(The self-limiting effect is characterized by a tungsten

10
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formation rate at 10 minutes that is less than 109 of the
initial equilibrium rate. The self-limiting thickness is the
tungsten thickness under these conditions achieved at
10 minutes.) For example, when a hot wall, e.g., tube
reactor (see, M. L. Hammond, Introduction to Chemical
Vapor Deposition, Solid State Technology, Dec. 1979, p.
61), is employed with tungsten hexafluoride and argon,
the self-limiting thickness vs. temperature is shown in
FIG. 1. Similarly, when a cold wall reactor (see, Ham-
mond Supra) is utilized in the temperature range 250" C.
to 600° C. no self-limiting effect is observed and thus
under these conditions this reactor should not be em-
ployed. (A proposed mechanism for this phenomenon is
that the presence of hot elemental tungsten induces the
desired self limitation. The self-limiting effect does not
occur in the absence of hot (above 400° C.) tungsten,
¢.g., where in-situ generation of tungsten does not occur
or where hot elemental tungsten is not otherwise intro-
duced. Indeed, the presence of a substantial amount of
clemental tungsten on the wafer before deposition de-
creases the self-limiting thickness.)

Within the desired temperature range generally one
extremum in self limiting thickness is observed. Beyond
the extremum the higher the temperature, typically, the
smaller the self-limiting thickness. This is contrary to
what typically would be expected from general trends
of increased reactivity and diffusion with higher tem-
peratures. A temperature should be chosen so that the
self-limiting thickness is less than the junction depth and
so that the deposition rate is adequate. Typically, be-
yond this junction thickness limit, the thinner the self-
limiting thickness the higher the device yield. The tem-
perature should preferably be chosen such that the de-
vice yield of working test junctions decreases no more
than 10% compared to the yield obtained for the same
junction having a via aspect ratio of 0.75 and with a
contact of only aluminum. (A test junction is an identi-
cal structure to the junction being contacted in the
device but with no surrounding device structures and
with suitable leads or contact pads for making electrical
measurements.) If & range of temperatures yields ap-
proximately the same self-limiting thickness on the pro-
totype wafer, the lowest of these temperatures should
preferably be employed for device fabrication since
lower temperature processing is. generally preferred.
However, temperatures below the self-limiting thick-
pess extremum (and sbove 250° C.) although no pre-
cluded yield slower deposition and are not preferred.

The determination of suitable temperatures for a
given deposition procedure is exemplified in F1G. 1. To
increase vield, it is desirable to perform the inventive
fabrication processes at temperatures of approximately
425° C. where the self-limiting thickness is at a rela-
tively minimum value. Since the self-limiting thickness
does not decrease significantly, in this example, above
425° C. and since for processing reasons unrelated to
self-limiting thickness it is generally desirable to deposit
at lower temperatures, 425° C. is a preferred tempera-
ture for this example.

In one embodiment, deposition of tungsten is per-
formed in a hot wall reactor utilizing a gas composition
including a tungsten hexafluoride flow in the range 40
to 200 sccm and a reducing gas, e.g., hydrogen flow, in
the range S00 to 2000 sccm with a tota) pressure in the
range 0.2 to 1 Torr. (The addition of other gases is not
precluded.) The thickness of the deposited tungsten
should typically be in the sange from 2000 A to 0.6
times the via effective diameter. Thicknesses less than
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2000 A yield unacceptably high contact resistance or
current densities while thicknesses greater than 0.6
times the via effective diameter lead to difficulties in
subsequent processing. In any case, the maximum thick-
ness of the final metallized region should not be greater
than the minimum lateral dimension of a metallized
region in the device.

Tt is possible, if desired, to deposit a further metallic
material. It has been found advantageous to utilize alu-
minum as this material. Aluminum deposition such as
magnetron sputtering described in J. F. O'Hanlon, 4
User's Guide 10 Vacuum Technology, Wiley, N.Y., 1980
and Handbook of Thin Film Technology, S. M. Sze, ed.
Maisse) and Glang, McGraw-Hill, New York, 1970 is
typically employed. Total metal thickness should not
exceed the limit discussed above. The final metallic
contact is then patterned to produce the desired device
configuration by conventional lithographic processes
such as described in Sze, supra, Chapter 4.

The following examples are illustrative of conditions
useful in the inventive process.

EXAMPLE 1

Sixteen wafers having a 3500 A thick thermal SiO;
dielectric with vias of various sizes were processed. The
active junctions were first formed on the wafers by
depositing 300 A of cobalt using a sputtering process as
described in Sze, supra, Chapter 9. The cobalt was
sintered at 450° C. for 90 minutes to form cobalt
monosilicide in the vias. Elemental cobalt present on
the SiO; was selectively removed by immersing the
wafer in a 16:1:1:2 by volume mixture of phosphoric
acid, nitric acid, glacial acetic acid and dionized water.
This monosilicide was implanted with arsenic using an
ion implanter with a 100 KeV acceleration voltage and
a total dose of 5X10!% cm—2, Cobalt disilicide was
formed by annealing the wafers at 700° C. in argon for
30 minutes. (For another description of this process see
Hillenius et al., Abstract 10-5, IEDM 1986.) The im-
planted arsenic was then driven into the silicon sub-
strate at 800" C. for 120 minutes in hydrogen. Subse-
quently, a 1 pm thick silicon dioxide layer was depos-
ited by LPCVD in a tetracthoxysilane environment.
The conditions utilized for this deposition were a depo-
sition substrate temperature of 730" C. and gas flow of
480 SCCM of N together with the vapor pumped from
over liquid TEOS to yield a total chamber pressure of
580 mTorr. Holes having various aspect ratios ranging
from 1.25 to 0.2 were then formed through the silicon
dioxide to the underlying cobalt silicide using standard
lithographic techniques and a reactive ion etching pro-
cedure. Approximatcly 1000 A of titanium nitride was
deposited on the wafers by the magnetron sputtering.
This procedure was performed with 1) a substrate temn-
perature of 80° C., 2) RF voltage of 150 V and a DC
power of 2 KW and 3) a 10:1 by volume flow of Ar and
N; yielding a tota) pressure of 2.2 10-2 Torr.

The 16 wafers were positioned in the deposition boat,
of a hot wall reactor. The boat had provision for hold-
ing 40 paraliel wafers in a vertical plane. The wafers
being processed were positioned in slots number 5
through 21 spaced approximately 1 cm apart and the
remaining spaces were occupied with unprocessed sili-
con wafers having a tungsten coating. A nitrogen flow
of 1000 sccm was established in a reactor heated to 300°
C. and the boat was put in the deposition position. The
nitrogen flow was discontinued and the reactor was
evacuated to a pressure of approximately 15 mTorr,
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The reactor was then brought to a temperature of 325°
C. and maintained at this temperature for 15 minutes for
thermal stabilization. A flow of 100 sccm of WFg and
1000 sccm of hydrogen was introduced to produce a
total pressure of 0.2 Torr. This flow was then continued
until between 1000 and 2000 A were deposited on the
wafers being processed, After the first deposition, the
placement of the wafers in positions 5 through 21 were
reversed under nitrogen and a second deposition of
tungsten was initiated under the same deposition condi-
tions as the first tungsten deposition. Deposition was
continued until the total deposited tungsten thickness
was approximately 2500 A. (The reversal of wafers was
done to average any thickness nonuniformities due to
the loading effect. Final thicknesses varied no more
than 5% between wafers.) The total deposition time
was approximately 40 minutes.

Approximately 1 micron of aluminum was magnetron
sputtered onto the wafers using an initial cleaning by
inducing backsputtering in an RF plasma and then mag-
netron sputtering in 7 mTorr of Ar at room tempera-
ture. The deposited aluminum was then annealed in a
tube furnace at 450° C. using a hydrogen ambient. This
aluminum layer was patterned to make electrical con-
nections suitable for testing the junctions. The proper-
ties of the resulting p-n junctions were measured by
applying a reverse bias of 3.5 volts on the device aray.
(Each wafer had 98 devices with a device occupying an
area of approximately 5 um on a side.) The electrical
properties were measured with a Keithley Model 617
Electrometer and Programmable Voltage Source
through an automatic wafer probe. Reverse voltage was
applied for § seconds on each device and 10 readings of
the current were taken in rapid succession. The average
value was then recorded. The statistical distribution of
the measured leakage current is shown in FIG. 2.

EXAMPLE 2

The same procedure as described in Example 1 was
followed except the deposition took a total of 32 min-
utes and was performed at 375° C. The resulting electri-
tal properties are shown in FIG. 2.

EXAMPLE 3

The procedure of Example 1 was followed except a
total deposition time of 28 minutes at a tempersature of
425° C. was utilized. The resulting electrical properties
are shown in FIG. 2.

We claim:

1. A process for fabricating a semiconductor device
comprising the steps of treating a substrate by forming
a passage through a region overlying a device junction,
depositing 3 material over at least a portion of said
region to form an electrical contact to said junction
together with an electrical conducting region on the
surface of said overlying region and progressing
towards completing said device; characterized in that
said passage has an aspect ratio of at Jeast 1.1, said junc-
tion has a depth shallower than 2500 A, and said electri-
cal contact and said conductive region on said surface
comprises a deposition of 1) a material that presents a
barrier to the solid-state diffusion of tungsten and 2) a
deposition of tungsten by interaction of: said substrate
with a deposition comprising WF entities and a reduc-
ing agent wherein said substrate is heated to a deposi-
tion temperature in the range 250" C. to 600° C. during
said tungsten deposition wherein said deposition tem-
perature and environment is controlled such that said



Case3:09-cv-00202-WHA Documentl Filed01/15/09 Pagel4 of 36

5,149,672
7 8
interaction is self-limiting with a self-limiting thickness 3. The process of claim 2 wherein said diffusion bar-
less than said junction depth and wherein said deposi- ~ TI¢F comprises "‘a“i“m_"“rid" .
tion temperature is chosen such that the yield of said rie:. ;hn:pl:;‘;ezst:gﬂmi:l:::'zlf:’fj diffusion bar-
jlfnctions fiecrease not more thq 10% cpmpar?d 1o the 5 5. The process of claim 1 fherein sazd diffusion bar-
yield obtained for the same function having a via aspect — rer comprises titanium nitride.
ratio of 0.75 and having a contact of only aluminum. 6. The process of claim 1 wherein said diffusion bar-
2. The process of claim 1 wherein said reducing agent rier comprises a titanium/tungsten alloy.
comprises hydrogen. AL A
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(57) ABSTRACT

A method of forming a passivation layer over features
located on a top layer on a semiconductor device compriscs
depositing a first void-free layer of a dielectric over the top
layer using high density plasma chemical vapor deposition.
A second void-free layer can additionally be deposited over
the first void-free layer. The first void-free layer can be
formed from a silicon oxide, and the second void-free layer
can be formed from a silicon nitride. The first void-free layer
has a top surface that is disposed at a height higher than the
features. The first void-free layer can be applied in two steps.
First, the void-free layer is deposited at a D/S ratio between
3.0 and 4.0 to a depth of at least 40% of the feature’s height,
and then deposited at a D/S ratio of between 6.0 and 7.0.

9 Claims, 1 Drawing Sheet
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HIGH DENSITY PLASMA PASSIVATION
LAYER AND METHOD OF APPLICATION

CROSS-REFERENCE TO RELATED
APPLICATION

Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH AND
DEVELOPMENT

Not Applicable
FIELD OF THE INVENTION

This invention relates to the manufacturing of semicon-
ductors. More specifically, the invention relates to a high
density plasma passivation layer and method of application
that provides a cap over the top layer of a scmiconductor
device,

BACKGROUND OF THE INVENTION

During the manufacturing of semiconductor devices, lay-
ers of diclectrics and metal are added onto a wafer until a
final layer of metal is added, hereinafter referred to as the top
metal level or layer. Over this top metal layer is typically
placed a barrier, passivation or CAPS (Coat and Protective
Seal) layer. This passivation layer acls to maintain the
mechanical integrity of the semniconductor device, prevent
mobile jon diffusion, and provide some radiation protection
for the semiconductor device.

Several types of methods for applying passivation layers
over a top metal layer have been used in the semiconductor
industry. One such passivation level is a bi-layer in which
the bottom layer is a silicon dioxide and the lop layer is a
silicon nitride. The silicon dioxide layer is flexible and acts
as a buffer to relieve stress between the silicon pitride and
the top metal layer. Thus, this bottom layer reduces the
impact of the mechanisms that result in the stress void
migration of the metal and also acts as a mechanical pro-
tector for the underlying structures. Although the top silicon
pitride layer is more brittle, the silicon nitride layer has the
advanlage of being resistant to moisture and sodium pen-
etration. Additionally, the bi-layer structure inherently elimi-
nates the coincident occurrence of pin-hole defects.

One method of applying the silicon dioxide layer of this
particular bi-layer passivation level is to use plasma
enhanced chemical vapor deposition (FECVD) with tetra-
cthlorthosilicate (TEOS) chemistry. The use of TEOS chem-
istry advantageously results in superior film step coverage
over the patterned metal-interconnects (runners) of the top
metal layer as compared to silicon nitride.

As illustrated in FIG. 1, the current methods of applying
passivation layers 6 are capable of filling the gap between
adjacent features 4, such as the runners, when the distance
between the features is large. However, FIG. 2 illustrates a
problem with current methods, including TEOS chemistry.
This problem is that the gap cannot be filled as the size of
features and gaps becomes smaller. These unfilled gaps
subsequently become voids 8 in the passivation layer. The
exisience of these voids can cause reliability problems due
to entrapment of gases or liquids in the voids, Also, these
voids can act as stress raisers, which can result in inferior
mechanical strength of the passivation layer and allow metal
interconnects to stress relieve into the voids.

The inferior mechanical strength caused by the voids can
be a problem when the chip is removed from the wafer and
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pressed into the dic assembly or other chip carrier. This
pressing of the chip transmits a significant force to the
passivation level of the chip. A common result of such a
transmission of force is damage to the runuers in the top
metal layer, This damage can be even more prevalent when
the runners have high aspect ratios such that the height
dimension is significantly greater than the width dimension.
Features having this type of aspect ratio are more susceplible
to a force applied in the vertical or transverse direction,
which occurs when the chip is pressed. One mcthod of
compensaling for the voids has been to provide a very thick
passivation level, However, a thick passivation Jevel,
besides being more costly, does not solve the problems
associated with the voids.

Although the previously discussed passivation layer is
one type of passivation layer used in the semiconductor
industry, other passivation layers are also used. Ouce such
passivation layer is formed from polymers or other plastic-
like materials, Passivation layers formed from these plastics
suffer from many problems. For example, plastic contains
many organic compounds which may contaminate the semi-
conductor device. Some of these compounds are not stable
at the lemperatures required for the board solder assembly
process. Also, these plastic-like materials tend to absorb
excessive moisture, which can also contaminate the semi-
conductor device and cause device degradation and interfa-
cial damage in a package environment.

A recently iniroduced process to apply oxides on semi-
conductor devices is high density plasma chemical vapor
deposition (HDP CVD). This process is described by S. V.
Nguyen, “High-Density Plasma Chemical Vapor Deposition
of Silicon-Based Dielectric Films for Integrated Circuits,” in
IBM Journal of Research & Development, Vol. 43, No. %
(1998) and is incorporated by reference herein.

HDP CVD has been wsed to fill and locally planarize
high-aspect-ratio (i.., up to 4:1) sub-half-micron structures.
Generally with HDP CVD, ions and electrons are generated
by means of an rf power source. Also, a rf biasing power
source is applied to an electrode holding the wafer (o create
a significant ion bombardment (sputter-etching) during
deposition. As such, when HDP CVD is used for gap filling,
this is a technique in which deposited films are sputtered off
by reactive ions and radicals during deposition.

The deposition/sputtering-rate ratio (D/S) is a commonly
used measure of the gap-filling capability of the process.
This ratio is defined as:

D/S=(net deposition ratc+blanket sputtcring rate)/blanket sputter-
ing rate.

In general, the use of a lower D/S ratio facililates the
filling of a structure with a higher aspect ratio, but at a lower
net deposition rate.

A typical HDP CVD process uses a relatively low pres-
sure of 2-10 mTorr to achieve a high electron density
(10%°-10"2 cm®) and a high fractional ionization rate (107*
to 107%). As a high film-deposition rate is required for most
applications, the process typically uses simple initial reac-
tant gases such as silane, silicon tetrafluoride, and oxygen.
Argon is added to raise the sputter rate due 1o its large mass.
To achieve a significant deposition rate while maintaining a
rcasonably high sputier-ctching rate for gap-filling purposcs,
a significant amount of initial reactant (i.c., deposited spe-
cies in the plasma) must flow through the reactor. However,
the system should be kept at low pressure constantly during
deposition to facilitate high sputier rates. Therefore, the
vacuum system for such a system typically has a high
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pumping capability. Also, the pumping system is generally
designed to withstand the high temperature and high reac-
tivity of the reaction by-products while removing them at a
high rate. For an HDP CVD system, an advanced turbomo-
lecular pump is generally required to achicve a suitable gap
fill rate (at low pressure) and acceptable pumping reliability
As ‘previously stated, the use of HDP CVD of silicon
oxide, particularly during high rf biasing gap-fill conditions,
produces simultaneous deposition and etching. This result
bas been used to provide void-frec gap fill during the
processing of semiconductor devices. Current developments
in HDP CVD are working to provide void-free gap fill of
high-aspeci-ratio (>2:1) sub-half-micron structures.
However, these techniques have generally been limited to
interlevel insulation, gate conductors, and shallow-trench
isolation structures and has not been uscd to apply a diclec-

tric layer to a top metal layer.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a
passivation layer and method of applying the passivation
layer capable of filling voids and gaps between closely
spaced features such as metal runners disposed on the top
metal layer of a semiconductor device.

It is another object of the invention to provide a passiva-
tion layer and method of applying the passivation layer that
prevents damage of the top mctal layer of a semiconduclor
device from moisture, mobile ions, and radiation.

It is yet another object of the invention 1o provide a
passivation layer and method of applying the passivation
layer, the passivation layer providing excellent mechanical
protection against mechanical damage during the assembly
and plastic encapsulation of the semiconductor device.

It is a further object of the invention 1o provide a passi-
vation layer and method of applying the passivation layer
that places the dominant and transverse stress gradients
above the surface of the top metal layer.

These and other objects of the invention are achieved by
the subject method which comprises depositing a first void-
free layer of a dielectric over the top layer using high density
plasma chemical vapor deposition, This passivation layer
acts to protect the top layer of the semiconductor device,
Additional layers, including a second void-free layer, can
also be deposited over the first void-free layer to provide
additional protection for the semiconductor device and the
top layer.

The first void-free layer is preferably formed from a
silicon oxide, and the second void-free layer is preferably
formed from a silicon nitride. Also, the first void-free layer
has a top surface that is disposed at a height higher than the
features. By having the first void-free layer positioned above
the features, cracks propagating through layers disposed on
top of the first void-free layer will end at a height above the
features. This advantageously keeps the stress gradient cre-
ated by the crack above the level of the features.

The first void-free layer can be applied in two steps. First,
the void-free layer is preferably deposited at a D/S ratio of
between approximately 3.0 and 4.0 to a depth of at least 40%
of the feature’s height. In this manner, gaps between the
features can be sufficiently filled before the second step.
During the second step, the void-free layer is preferably
deposited at a higher D/S ratio of between approximately 6.0
and 7.0. This higher D/S ratio allows the void-free layer to
be deposited at a higher rate, which increases the thruput of
the process.

BRIEF DESCRIPTION OF THE DRAWINGS

There are shown in the drawings embodiments of the
invention that are presently preferred, it being understood,
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however, that the invention is not limited to the precise
arrangements and instrumentalities shown.

FIG. 1 shows a prior art passivation layer deposited over
a top metal layer of a scmiconductor device. The semicon-
ductor device has runners spaced apart so that the gap
between the runners has a low aspect ratio.

FIG. 2 shows a prior art passivation layer deposited over
a top layer of a semiconductor device. The semiconductor
device has runners spaced apart so that the gap between the
runners has a high aspect ratio,

FIG. 3 illustrates a passivation layer disposed over a top
metal layer of a semiconductor device according 1o the
invention,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 3, a method for applying a passivation
layer on a lop metal layer of a semiconduclor device,
according to the present invention, is illustrated. The passi-
vation layer 10 comprises a first layer 12 over a top layer 16
of the semiconductor device. The top layer 16 of a semi-
conductor device typically includes metal features 20
extending above the surface 22 of the top layer 16. Although
the features 20 are typically constructed from electrically
conductive materials, for example copper, tungsten, or
aluminum, the invention is not limited in this regard. The
invention can also be used to provide a passivation layer 10
over any feature 20 extending above the surface 22 of a top
layer 16.

The invention is also not limited as to the size or type of
feature 20 on the top layer 16 over which the passivation
layer 10 will be deposited. In the semiconductor industry, a
typical feature 20 disposed on the top layer 16 is a runner.
Although the invention is not limited as to the type of feature
over which the passivation layer 10 is deposited, feature 20
is hereinafter referred to as runner 20. Although the runners
20 vary in size, the invention is oot limited as to the size of
the runner 20 disposed on the top layer 16. However, runners
20 typically have a height measured in the thousands of
Angstroms (A). In a preferred embodiment, the runners 20
over which the passivation layer 10 will be deposited have
a height of approximately 8000 A.

The dimensions of the gap 18 between adjacent runpers
20 are important factors in determining the likelihood of
void formation, in particular the aspect ratio of the gap 18
(aspect ratio being defined as the height of the gap divided
by the width of the gap). As the aspect ratio increases from
<1 to >4, applying a passivation layer 10 over the top layer
16 without forming voids using current lechniques becomes
increasingly difficult. For example, current techniques of
applying a barrier layer 10 creates voids when the gap 18
between runners 20 has a dimension of 4000 A in width and
8000 A in height (aspect ratio of 2.0).

The current invention is capable of filling gaps 18 having
aspect ratios al least as great as 4.0. Although the absolute
width of the gap 18 is currently limited by semiconductor
manufacturing techniques, the invention is not limited to a
minimum width of the gap 18. As manufacturing techniques
reduce the minimum width of the gap 18, this invention can
still be used to apply a passivation layer 10 over the top layer
16 without the formation of voids.

The passivation layer 10 can perform many functions.
These functions can include, but are not limited to acting as
a barrier to preven! moisture, mobile ions, and radiation
from reaching the top layer 16 and also providing mechani-
cal protection to the top metal layer 20. It is known in the art
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that a passivation Jayer 10 with such characteristics can be
made from many different materials, for example a
dielectric, and this invention is not limited as to a particular
material or combination of materials.

The presently preferred passivation layer 10 includes an
oxide layer. Although the passivation layer 10 can be formed
from other oxides, such as an aluminum oxide, the presently
preferred passivation layer 10 includes a layer of a silicon
oxide. Most preferably, the first layer 12 of the passivation
layer 10 is formed from a silicon oxide, specifically silicon
dioxide (SiO,) . An advantage of having the first layer 12
formed from silicon dioxide is that silicon dioxide tends to
be compliant. In this manner, the first layer 12 can resist
deformation caused by a force being transmitted to the first
layer 12, which could otherwise cause cracks in the first
layer 12 and/or damage the underlying top layers 16 and 20
of the semiconductor device.

The passivation layer 10 can also include subsequent
layers disposed over the first layer 12, In a presently
preferred embodiment, a second layer 14 is disposed over
the first layer 12. This second layer 14 is preferably formed
from a silicon nitride. Although a silicon nitride tends 1o be
brittle, forming the second layer 14 from a silicon nitride has
the advantage of providing a moisture, mobile ions, and
radiation resistant barrier.

The passivation layer 10 can also be constructed with a
nitride layer first and then an oxide layer. An additional
nitride layer can then be deposited over the oxide layer to
form an nitride-oxide-nitride structure. A oxide-nitride-
oxide structure is also possible,

The first layer 12 can be formed using any process that
deposits a layer of dielectric material over the top layer 16.
However, the first layer 12 is preferably formed using a HDP
CVD process. Advantageously, by using the HDP CVD
process, gaps 18 between adjacent features, for example
runners 20, in the top layer 16 of the semiconductor device
can be filled without the formation of voids. Voids (as best
illustrated in FIG. 2) are formed when other deposition
processes, for example TEOS, are used and the aspect ratio
(height to width) of the gap 22 between two adjacent
features 24 is sufficiently large. However, usc of the HDP
CVD process can be used to fill gaps 18 having high aspect
ratios between adjacent runners 20.

The invention is not limited as to the variation in D/S ratio
during the application of the first layer 12. For example, the
D/S ratio can remain constant during the deposition process.
Alternatively, the D/S ratio can be changed multiple times
during the deposition process. In a preferred embodiment of
the invention, the first layer 12 is applied in two steps.
During 1be first step, the material is deposited using the HDP
CVD process and with a relatively small D/S ratio of
approximately 3.0-4.0. In this manner, the gap 18 can be at
Icast partially filled. During the second step, the remainder
of the material for the first layer 12 is deposited at a higher
deposition rate. Although during the second step the material
is preferably deposited also using the HDP CVD process, the
invention is not limited in this manner. The material could be
deposited using other conventional depositing process, for
example PECVD TEOS. By using the HDP CVD process for
the second step but with a higher D/S ratio, the need to
transfer the semiconductor device to another apparatus is
advantageously climinated.

When the HDP CVD process is used to apply the material
during the second step, the preferred D/S ratio is approxi-
mately 6.0-7.0. By using a higher D/S ratio during the
second step than the first step, a higher throughput can be
achieved.
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The following table illustrates the result of applying the
first layer 12 using the aforementioned two-step process.
This table shows the effect of varying the depth to which
cach step deposits the material. For each example, the total
depth was approximately 8000 A of silicon dioxide. The D/S
ratio during the first step was 3.0~4.0, and the D/S ratio for
the second step was 6.0-7.0. The gap 18 had dimensions of
approximately 2100 A in width and 8000 A in height,

Example 1 Example 2 Example 3 D/S Ratio
Step 1 Thickness 4000A 3000 20004 3.0-4.0
Step 2 Thickness 4000A SO00A 6000A 6.0-7.0
Result No Voids  No Voids Voids

As illustrated in the table, the creation of voids in the first
layer 12 was prevented when the thickness of the material
deposited during the first step exceeded approximately 40%
of the height of the gap. As a lower D/S ratio indicates a
slower deposition rale, the throughput of the semiconductor
device can be increased through the HDP CVD process by
maximizing the deposition of material at the highest D/S
ratio. Thus, to increase the throughput and prevent formation
of voids, the presently preferred two-step process deposits
the material in the first layer 12 during the first step to
approximately a thickness of 40% of the height of the gap
18.

The deposition of the first layer 12 onto the top layer 16
is not limited to a particular thickness. However, in a
preferred embodiment of the invention, the first layer 12 is
applied to a thickness at least as great as the height of the
runners 20 disposed on the top layer 16. Applying the
material to a height above the runners 20 provides better
mechanical protection to the runoers 20. For example, if a
sccond layer 14 was provided above the first layer 12, and
a crack propagated through, the second layer 14, the crack
would end at a height above the runners 20. Thus, the stress
gradient created by the crack would remain above the level
of the runners 20.

1t should be understood that the examples and embodi-
ments described herein are for illustrative purposes only and
thal various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the sprint and purview of this application. The
invention can take other specific forms without departing
from the spirit or essential attributes thereof for an indication
of the scope of the invention,

What is claimed is:

1. A method of forming a passivation layer over features
located on a top layer of a semiconductor device, comprising
the steps of:

depositing a first void-free layer of a first dielectric over

said top layer using high density plasma chemical
vapor deposition at a first D/S ratio, and

depositing a second void-free layer of a second dielectric

over said first void-free layer at a second D/S ratio,
wherein said second D/S ratio is greater than said first
D/S ratio.

2. The method according to claim 1, wherein said dielec-
trics are at least one selected from the group consisting of
silicon dioxide and silicon nitride.

3. The method according to claim 1, wherein said first D/S
ratio is between approximately 3.0 and 4.0 and the second
D/S ratio is between approximately 6.0 and 7.0.

4. The method according to claim 1, wherein the sum of
thickness of said void free first and sccond layers is between
approximately 8000 A to 12000 A
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5. The method according to claim 1, wherein said first
layer is applied with a thickness of at least 40% of the height
of said features.

6. The method according to claim 1, further comprising
the step of depositing a third void-free layer over said second
void-free layer.

7. The method according to claim 6, wherein said third
void-free layer is a nitride.

s thickness is between approximately 8000

8

8. The method according to claim 7, wherein said nitride
is silicon nitride.

9. The method according to claim 6, wherein the sum of
said first void-free layer thickness and second void free layer
A1012000 A and
said third void-free layer has a thickness of between
approximately 2600 Ao 3400 A,

* * & % %
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(571 ABSTRACT

Tungsten plugs are formed by passivating a substrate having
a contact hole with SiH,, forming & nucleation layer on the
passivated substrate by reducing WF;, with Sil, at relatively
low pressures and depositing tungsten to substantially fill the
contact hole by reducing WF, with H, at relatively high
pressures. Alternatively, rapid thermal annealing is used to
cure pinhole defects in a titanium nitride layer on a substrate
to avoid the formation of unwanted tungsten volcanoes.
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BARRIER LAYER TREATMENTS FOR
TUNGSTEN PLUG

BACKGROUND

1. Technical Field

This disclosure relates generally to the manufacture of
scmiconductor devices having a multilayer interconnection
structure. More specifically, this disclosure relates to novel
methods of making tungsten plogs in such devices.

2. Background of Related Art

In the manufacture of a conventional tungsten plug or
stud, a substrate 101 has a contact hole 110 formed therein
as shown in FIG. 1A. A titanium layer 112 and a titanium
nitride layer 114 are sequentially deposited on the substrate,
Near the top edge 115 of contact hole 110, layers 112 and
114 are normally quite thin. Tungsten is then deposited, for
example via chemical vapor deposition, to fill contact hole
110. Depending on the position of the substrate within the
device, the structure shown in FIG. 1A can be used to
produce a tungsten plug at the window level or a tungsten
plug at the via level.

Tungsten deposition by CVD involves the use of tungsten
bexafluoride, and subjects the coated substrate to fluorine
and hydroflupric acid. Diffusion of fluorine gas through
pinhole defects in titanium nitride layer 114 causes exces-
sive tungsten growth at the location of the defect.

Specifically, as shown in FIG. 1B, rupture in titanivm
nitride layer 114 may occur, particularly at the top edge 115
of contact hole 110, Where such ruptures occur, volcanoes
125 are formed which are areas of thick tungsten growth
compared to tungsten Iayer produced within the contact hole
110 and the portion 122 of the tungsten layer produced on
the surface of the substrate 101. Hole 110 may not be
completcly filled with tungsten if growth is sufficiently rapid
to cover the opening of the contact hole and thereby partially
or completely block any further rungsten deposition within
the hole. However, even where the contact hole is com-
pletely filled by a tungsten plug 130, a large tungsten growth
126 is formed, the thickness of which far exceeds the
thickness of the portion 122 of the tungsten layer on the
surface of substrate 101, as shown in FIG. 1C. Ultimately,
the device may have to be discarded due to the presence of
the volcanoes. Where it is possible to salvage the device,
additional steps must be taken to remove growth 126 from
the surface of the device, adding to the cost of producing the
device.

It would be desirable to provide a tungsten plug by a
method which does not produce volcanoes or undesired
tungsten growths on the surface of the device.

SUMMARY

Novel techniques for forming tungsten plugs are disclosed
herein which avoid the formation of volcanoes and
unwanted, excessive tungsten growths on the surface of the
substrate.

In one aspect, it has been discovered that by carefully
controlling the chemistry during chemical vapor deposition
of tungsten, the integrity of the titanium nitride layer is
preserved and the formation of volcanoes is avoided. Spe-
cifically, tungsten plugs are formed at the window or via
Jevel in accordance with onc aspect of this disclosure by
passivating a substrate having a contact hole formed therein
by contacting the substrate with silane gas. A nucleation or
seed layer of WS, is then applied to the passivated substrate

30
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by reducing tungsten hexafiuoride with silane. In particu-
larly useful embodiments, the ratio of silane o tungsten
hexafluoride is in the ratio of 4:1 1o 6:1 and pressures of 1
Torr or less are used during formation of the nucleation or
seed layer. Tungsten is then deposited to at least substan-
tially fill the contact hole. In a particularly useful embodi-
ment, tungsten is deposited by reducing tungsten hexafluo-
ride with hydrogen gas using pressures of 20 Torr or greater.

In another aspect, it has been discovered that tungsten
plugs can be formed at the via level without the growth of
volcanoes by subjecting a substrate coated with a tilanium
layer and then a titanium nitride layer to repid thermal
anncaling to cure pinhole defects in the titanjum and tita-
nium nitride layers prior to passivation, nucleation and
deposition steps.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are described herein with reference
to the drawings, wherein:

FIGS. 1A-1C are schematic representations of structures
at various stages during the formulation of tungsten plugs
(cither at the window level or at the via level) using
conventional, prior art techniques;

FIG. 2 is a flow diagram showing the steps for forming 2
tungsten plug (at the window or via level) in accordance
with a method disclosed herein;

FIG. 3 is a flow diagram showing the steps for forming a
tungsten plug at the via level in accordance with another
method disclosed herein; and

FIGS. 4A-4D are schematic representations of structures
at various stages during the formulation of a tungsten plug
in accordance with the methods of this disclosure.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Two different novel via flling processes are disclosed
herein. One method includes the formation of a WSi,
nucleation layer on a substrate prior to tungsten deposition,
The other method involves rapid thermal annealing of a
titanium nitride layer on a substrate prior to tungsten depo-
sition. The deposition of 2 WSi, nucleation layer and rapid
thermal annealing of the titanium nitride layer are steps in
two separate via filling processes which can be successfully
used to prevent volcano formation. It should be undersiood
that the two process steps can, if desired, be used together in
a single via filling process.

FIG. 2 is a flow diagram surnmarizing the steps in one
method of forming a tungsten plug in accordance with this
disclosure. First, a contact hole is formed in the insulator
layer of a substrate to expose a portion of a conductive layer
or active layer of the device on which the insulator layer has
been deposited. Next, titanjum and titanium nitride layers
are applied to the substrate. The coated substrate is then
optionally subjected to rapid thermal annealing. Next, the
coated substrate is passivated by contact with SiH,. Then a
nucleation or seed layer of WSi, is applied by silane
reduction of tungsten hexafiuoride at a relatively low pres-
sure, followed by tungsten deposition by silane reduction of
tungsten hexafiuoride. Finally, the contact hole is at least
substantially filled with tungsten by hydrogen reduction of
tungsten hexafluoride at relatively high pressures.

The steps of another method in accordance with this
disclosure, is shown in the flow diagram of FIG. 3. The
method of FIG. 3 is particularly useful in forming & tungsten
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plug at the via level and does not include the step of
depositing a WSi, nucleation layer. Rather, the method
represented in FIG. 3 includes the step of thermal annealing
to cure pinhole defects in the titanium nitride layer. The
conditions for performing the various steps set forth in
FIGS. 2 and 3 are set forth below and will be explained by
reference to FIGS. 4A-D,

Referring to FIG. 4A, a substrate useful in forming a
layered semiconductor device is shown wherein a first
conductive layer 10 has an insulator layer 20 formed
thereon, Insulator layer 20 can be made from any typical and
well-known dielectric material used in wafer fabrication, but
is preferably PETEOS.SiO,.

A contact hole 25 extending down to the first conductive
layer 10 is formed in insulator layer 20 using known
photolithographic techniques. Since the contact hole extends
down to a conductive layer, it will be appreciated by those
skilled in the art that the structure shown in FIGS. 4A-D is
used to form a tungsten plog at the via level. It should be
understood, however, that tungsten plugs can also be formed
at the window level using the methods disclosed herein.
Preferably, the method shown in FIG. 3 is used to form
tungsten piugs at the via level.

A titanium film 30 is deposited on the exposed surfaces.
Titanivm film 30 can be applied, for example, using a
vacuum deposition technique, ¢.g., sputtering (with or with-
out collimation). The thickness of titanium film can be in the
range of about 50 A to about 750 A, preferably 500-600 A.

A titanivm nitride (TiN) film 40 is then deposited on all
exposed surfaces of titanium film 30. Titanium nitride film
40 can be formed using any known technique such as a
reactive sputtering process (with or without collimation)
wherein sputtering is carried out in Ar+N, atmosphere using
a Ti target. The thickness of titanium nitride film 40 can be
in the range of about 50 A to about 1500 A, preferably from
600 A 10 about 1200 A. TiN film 40 serves as an adhesion
layer, facilitating deposition of tungsten onto the substrate.

Prior to beginning the tungsten deposition process, rapid
thermal annealing (RTA) of the titanium/titanium nitride
coated substraie can be carried out. RTA can be accom-
plished by exposing the coated substrate to temperatures of
450° to 550° C. for a period of time ranging from 5 to 60
seconds. The particular time and temperature employed will
vary based on a number of factors including the thickness of
the titanium and titanium nitride layers. In a particularly
useful embodiment, substrates containing titanium nitride
layers less than 600 A thick can be annealed at 550° C. for
20 seconds. While not wishing to be bound to any theory, it
is believed that RTA tends to cure pinhole defects in the
titanium nitride layer, thereby reducing the likelihood of
volcano growth during tungsten deposition. For the process
shown in FIG. 2, annealing is an optional step.

The TiN surface is then passivated by bringing silane
(SiH,) gas into contact with the TIN surface. Specifically,
the TVTIN coated substrate is placed within a vacuum
chamber and silane is introduced into the chamber at a flow
rate ranging from 75 to 300 standard cubic centimeters per
minute (“SCCM”) for anywhere from 25 to 150 seconds.
Preferably, the passivation process produces a discontinuous
monolayer of silicon on the titanjum nitride layer. The
passivated, coated substrate is shown in FIG, 4B.

After passivation, a nucleation layer is formed by per-
forming WF, reduction by SiH, at relatively low pressures.
During the nucleation step, the flow of silane into the
chamber is in the range of 75 to 300 SCCM and the flow of
WF; into the chamber is in the range 35 to 300 SCCM.

20

25

50

55

65

4

Preferably, the ratio of SiH,:WF, flow rates is from about
6:1 to 4:1. Hydrogen (H,) gas is also introduced into the
chamber during nucleation at a rate of from 1000 to 6000
SCCM, preferably from 1500 to 3000 SCCM. The duration
of the nucleation step is from 10 to 150 seconds at pressure
ranging from 0.1 to 1.0 Tox. The temperature is during
nucleation should be maintained between about 400°—450°
C., preferably 420°-430° C. The nucleation step is believed
to provide a WSi, seed layer 50 on the passivated TIN
surface (See FIG. 4C). While seed layer 50 is shown in FIG.
4C as a continuous layer, it should be understood that seed
layer 50 can be a discontinuous layer applied to the TiN
adhesion layer 40. Preferably, the thickness of seed layer S0
is up to 30 A, more preferably 2.5 A 1025 A, In the process
of FIG. 3, the step of forming a WSi, nucleation layer need
not be performed.

Simply by adjusting the relative flow rates of SiH, and
WF;, tungsten deposition can be initiated. The conditions
suitable for tungsten deposition by silane reduction of tung-
sten hexafluoride are known to those skilled in the art.

Rapid deposition of tungsten is then achieved by WF,
reduction with H, at a relatively high total pressure. To
achieve tungsten deposition, H,, is introduced into the cham-
ber at flow rates of from 6000 to 7500 SCCM, preferably
6500 to 7000 SCCM, and WF, is introduced into the
chamber at flow rates of 300 to 500 SCCM, preferably, about
400 SCCM. The total pressure during this deposition step is
in the range 10 Torr to 100 Torr, preferably 20-50 Torr, most
preferably 25-35 Torr.

Tungsten deposition is continued for a period of time
sufficient to substantially fill the contact hole. In particularly
useful embodiments, the tungsten deposition is continued
until the contact hole is completely filled with a tungsten
plug 60 and a substantially even layer 70 of tungsten is
deposited on the upper surface of the structure as shown in
FIG. 4D. Upon deposition of tungsten plug 60, seed layer 50
may no longer be noticeable, While not wishing to be bound
to any theory, it is believed that the WSi, seed layer is
converted to metallic tungsten during the H, reduction.

It will be understood that various modifications may be
made to the embodiments disclosed herein. For example,
while this disclosure has been presented in terms of a portion
of a specific structure, it will be appreciated that the methods
disclosed herein can be practiced on any type of device
where it is necessary to make electrical contact to regions or
layers under one or more insulator layers. Therefore, the
above description should not be construed as limiting, but
merely as exemplifications of preferred embodiments. Those
skilled in the art will envision other modifications within the
scope and spirit of the claims appended hereto.

What is claimed is:

1. A method of forming a tungsten plug comprising:

providing a substrate baving a contact hole formed

therein;

applying an adhesion layer of titanium nitride to at least

a portion of the substrate;

contacting the substrate with SiH, to passivate the tita-

nium nitride surface of the substrate;
reducing WF,, with SiH, at a pressure of 1 Torr or less in
the presence of the passivated substratc to form a
nucleation layer on the passivated substraie; and

reducing WF, with H, at a pressure of at least 10 Torr to
deposit tungsten to at Jeast substantially fill the contact
bhole.

2. A method as in claim 1, wherein the layer of titanium
nitride is at least about 600 A thick.
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3. A method as in claim 1, wherein the step of reducing
WF, with SiH,, is conducted at a pressure Jess than about 0.5
Torr.

4, A method as in claim 1, wherein the step of reducing
WE, with H, is conducted at a pressure of at least about 10
Torr.

5. A method as in claim 1, wherein the step of reducing
WF, with H, is conducted at a pressure of at least 25 Torr.

6. A method as in claim 1, wherein the steps of reducing
WF, with SiH, and reducing WF with H, are both con-
ducted at temperatures greater than about 400° C.

7. A method as in claim 1, further comprising the step of
annealing the adhesion layer prior to passivation.

8. A method as in claim 7, wherein the anncaling is
conducted at a temperature ranging from 450° C. to 550° C.
for a time ranging from 5 seconds to about 60 seconds.

9. A method of forming a tungsten plug comprising:

placing a substrate within a chamber, the substrate com-

prising a conductive layer, an insulator layer formed on
the conductive layer, the insulator layer having a con-
tact hole formed therein, the contact hole extending
through the insulator layer and exposing a portion of
the conductive layer;

applying an adhesion layer Of titanjum nitride to at least

a portion of the substrate;

introducing SiH, gas into the chamber to passivate the
_ titanium nitride layer of the substrate;

introducing SiH, gas and WF, gas into the chamber,

whereby WF; is reduced thereby nucleating the passi-
vated substrate;

depositing tungsten to at least substantially fill the contact

hole.

10. A method as in claim 9, wherein the layer of titanjum
nitride is at least about 600 A thick,

11. A method as in claim 9, further comprising the step of
annealing the adhesion layer prior to the step of introducing
SiH, gas into the chamber.

12. A method as in claim 11, whercin the annealing step
compriscs heating the coated substrate to a temperature
between about 450° C. and about 550° C. for a period of
time from about 5 seconds to about 60 seconds.

13. A method as in claim 9, wherein the step of introduc-
ing SiH, and WF, gas into the chamber comprises intro-
ducing SiH, into the chamber at a flow rate of about 75
SCCM to about 300 SCCM and introducing WF; into the
chamber at a flow rate of about 35 SCCM to about 300
SCCM.

14, A method as in claim 9, wherein the step of introduc-
ing SiH, gas and WF4 gas comprises introducing SiH, gas
and WF, gas in a ratio of about 4:1 to about 6:1.

15. A method as in claim 9, wherein the pressure within
the chamber during the step of introducing SiH, and WFg
does not exceed about 1 Torr,

16. A method as in claim 9, wherein the pressure within
the chamber during the step of introducing H; gas and WF;
gas is at least about 20 Torr.

17. A method of forming a tungsten plug comprising:

providing a coated substrate, the coated substrate com-

prising a conductive layer, an insulator layer formed on
the conductive layer, a contact hole formed through the
insulator layer to expose a portion of the conductive
layer, a layer of titanium coating at least a portion of the
insulator layer and the exposed portion of the conduc-
tive layer and a layer of titanium nitride applied to the
titanium layer;

passivating the coated substrate by contacting the layer of

titanium nitride with silane;
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depositing a nucleation layer on the passivated, coated
substrate by reducing tungsten hexafluoride with silane
at a pressure of about 1 Torr or less in the presence of
the passivated, coated substrate, the ratio of silane to
tungsten hexafluoride being in the range of 4:1 to 6:1
during the deposition of the nucleation layer; and

depositing tungsten to at least substantially fill the contact
hole by reducing tungsten hexafluoride with hydrogen
gas a pressure of at least about 20 Torr.

18. A method as in claim 17, wherein the layer of titanium
nitride is at least about 600 A thick.

19. A method as in claim 17, wherein the step of reducing
WPF, with SiH, is conducted at a pressure less than about 0.5
Torr.

20. A method as in claim 17, wherein the step of reducing
WF, with H, is conducted at a pressure of at least about 10
Torr.

21. A method as in claim 17, wherein the step of reducing
WF,, with H, is conducted at a pressure of at least 25 Torr,

22, A method as in claim 17, wherein the steps of reducing
WF, with SiH, and reducing WF, with H, are both con-
ducted at temperatures greater than about 400° C.

23. A method as in claim 17, further comprising the step
of annealing the layer of titanium nitride prior to passivation.

24. A method as in claim 23, wherein the annealing is
conducted at a temperature ranging from 450° C. 1o 550° C.
for a time ranging from 5 seconds to aboul 60 seconds.

25. A method as in claim 17, wherein the layer of titanium
nitride is applied to the substrate by a reactive sputtering
process with collimation.

26. A method as in claim 17, wherein the layer of titanium
nitride is applied to the substrate by & rcactive sputtering
process without collimating.

27. A method of forming a tungsten plug at the via level
comprising:

providing a coated substrate, the coated substrate com-

prising a conductive layer, an insulator layer formed on
the conductive layer, a contact hole formed through the
insulator layer to expose a portion of the conductive
layer, a layer of titanium coating at least a portion of the
insulator layer and the exposed portion of the conduc-
tive layer and a layer of titanium nitride applied to the
titanium layer;

heating the coated substrate to achieve rapid thermal

annealing of the layers of titanium and titanium nitride
by exposing the substrate to a temperature in the range
of 450° to 550° C. for a period of time between 5 and
60 seconds; and

depositing tungsten to at least substantially fill the contact

hole.

28. A method as in claim 27, further comprising the step
of passivating the coated substrate by contacting the
annealed layer of titanium nitride with silane.

29. A method as in claim 28, further comprising the step
of depositing a nucleation layer on the passivated, coated
substrate by reducing tungsten hexafluoride with silane..

30. A method as in claim 27, wherein the step of depos-
iting tungsten comprises reducing tungsten hexafluoride
with hydrogen gas.

31. A method of forming a tungsten plug at the via level
comprising:

providing a coated substrate, the coated substrate com-

prising & conductive layer, an insulator layer formed on
the conductive layer, a contact hole formed through the
insulator layer to expose a portion of the conductive
layer, a layer of titanjum coating at least a portion of the
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insulator layer and the exposed portion of the conduc-
tive layer and a layer of titanjum nitride applied to the
titanium layer;

heating the coated substrate to achieve rapid thermal

annealing of the layers of titanjum and titanium nitride;
passivating the coated substrate by contacting the
annealed layer of titanium nitride with silane;
depositing a nucleation layer on the passivated, coated
substrate by reducing tungsten hexafluoride with
silane; and depositing tungsten to at least substantially
fill the contact hole.

32. A method as in claim 31, wherein the step of heating
comprises exposing the substrate to a temperature in the
range of 450° to 50° C. for a period of time between 5 and
60 seconds.

33. A method as in claim 31, wherein the step of depos-
iting tungsten comprises reducing tungsten hexafluoride
with hydrogen gas.

15

8

34, A method of forming a tungsten plug comprising:

providing a substrate having a comtact hole formed
therein;

applying an adhesion layer of titanium nitride to at least
a portion of the substrate prior to passivation;

contacting the substrate with SiH, to passivate the tita-
nium nitride surface of the substrate;

reducing WF with SiH, in the presence of the passivated
substrate to form a nucleation layer on at least the
passivated titanium nitride surface of the substrate; and
depositing tungsten to at least substantally fill the
contact hole.
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METHOD OF INTEGRATED CIRCUIT
FABRICATION INCLUDING A STEP OF
DEPOSITING TUNGSTEN

TECHNICAL FIELD

This invention relates generally to a method of integrated
circuit fabrication that includes a step of tungsten deposition
and particulary to such a method that includes a step that
reduces the defect density of the deposited tungsten.

BACKGROUND OF THE INVENTION

Integrated circuits frequently form electrical contacts to
components, such as field effect transistor, by depositing a
dielectric layer over the transistor and then patierning the
dielectric layer to form openings or windows which expose
elements; for example, gate, source or drain, of the transis-
tor. Metal is then deposited in the windows to form the
contacts. As integrated circuits have increased in
complexity, multilevel metallizations have been developed.
In such metallizations, an electrical conductor, rather than a
device clement, is contacted. Aluminum was the metal
initially used because of its good electrical characteristics
and relative easc of handling. However, as device dimen-
sions have shrunk, sputtered or physically vapor depositcd
(PVD) aluminum and its alloys (such as Al—Cu or
Al—Si—Cu) have exhibited drawbacks, such as a tendency
to form re-entrant angles, which make it difficult to obtain
adequate filling of the window. Accordingly, alternatives to
aluminum and its alloys have been sought.

One alternative that has been extensively investigated is
tungsten. Tungsten may be deposited by a variety of tech-
niques including chemical vapor deposition (CVD) which
may be either 2 blanket or a selective deposition. CVD
decomposes a tungsten-containing precursor gas, such as
WF;, and the tungsten is deposited on the surface. The
blanket deposition of tungsten using WFg is the most com-
mon method of depositing CVD tungsten in the prior art. In
the case of selective tangsten, a method not commonly used,
tungsten is not deposited on dielectric surfaces but only on
the conducting surfaces. CVD tungsten does not have either
the re-entrant angles or poor step coverage exhibited by
PVYD aluminum. Tungsten is not generally deposited directly
oato silicon, a dielectric, or aluminum, Typically, interme-
diate layers, such as Ti or TiN or combinations thereof, are
present between the tungsten and the underlying layer for
reasons of adhesion or barrier properties.

See, for example, U.S. Pat. No. 5,260,232 issucd on Nov.
9, 1993 to Muroyama for description of a technique for
filling windows by selective CVD tungsten. In some
embodiments, Muroyama formed a TiN layer which func-
tioned both as a barrier laycr and as an adhesion layer. U.S.
Pat. No. 5,202,579 issued on Apr. 13, 1993 to Fujii used both
Ti and TIN between the tungsten and the aluminum.

However, it has been found that the tungsten plugs (where
tangsten is used to fill an opening, at the window or via level,
hereafter referred to collectively as openings, unless other-
wise stated) obtained by the CVD deposition process fre-
quently have defects. The source of the defects is not known
with certainty, but it is believed that the defects are caused
by a rcaction of the WFg precursor gas or some
F,-containing specics used in the CVD process with the Ti
layer in the TVTIN composite film. The defects arc often
called volcanoes, and are undesirable because the TY/TIN
film may peel off and thereby allow tungsten growth on both
sides of the film. Adverse effects that may result include
blockage or partial filling of the openings so that tungsten
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2
deposition does not completely fill the openings where
desired, or, in the worst case, formation of tungsten mounds
large cnough so that there arc inadvertent clectrical shorts
between adjacent openings. These large mounds are called
volcanoes because of their morphology. The presence of
these defects can reduce device yield.

Various proposals have been made to either solve or
alleviate the adverse effects described. For example, a N;
anneal following the TY/TIN film deposition has been pro-
posed. Alternatively, the thickness of the Ti layer may be
reduced. Additionally collimated Ti/TiN layers have been
used.

However, these proposals suffer drawbacks. For example,
the annealing process can not be used when aluminum
interconnects are present because of the relatively high
temperature used for the anneal. A reduced Ti thickness may
result in poor junction yicld, especially in non-salicided
junctions, where a non-optimal Ti thickness at the bottom of
the window from lack of adequate step coverage, will result
in a high contact resistance problem.

SUMMARY OF THE INVENTION

According to the invention, a method of integrated circuit
fabrication includes forming tungsten contacts in windows
by depositing Ti and TIN layers in windows formed in a
patterned dielectric that expose selected conducting por-
tions; for example, of the substrate or of material on the
substrate, and sealing TiN grain boundaries prior to tungsten
deposition. The conducting portions are under the dielectric
layer. Sealing of the TIN grain boundaries prevents attack of
the underlying Ti layer by the WF4 used in the CVD
tungsten deposition process. In an exemplary embodiment,
the grain boundaries are scaled by rinsing in water having at
least the ambient temperature. The rinsing may be with or
without CO, bubbling through the water. In another
embodiment, the temperature is approximatcly 80° C. and
the time is approximately 10 minutes. In yet another
embodiment, the wafer is heated in an oxygen containing
environment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a portion of an integrated
circuit having a tungsten coutact formed according to this
invention.

Fox reasons of clarity, the elements depicted are not drawn
to scale,

DETAILED DESCRIPTION

The invention will be described by reference to an exem-
plary embodiment used to form the contact, which is a
portion of an integrated circuit, depicted in FIG. 1. Depicted
are substrate 1, dielectric layer 3 which has been patterned
to form window 5 which exposes contact area 7 in the
substrate. The window thus exposes sclected conducting
portions of the substrate or of material on the substrate. The
conducting postions are under the diclectric layer. The term
substrate is used to mean a material that lics underneath and
supports another material. The substrate may thus be the
silicon wafer, an epitaxial layer on the wafer, or a diclectric
layer on which a metal has been deposited. The contact arca
7 is conducting although it is to be understood that the
window may also expose same nonconducting area. Within
window S and present on dielectric layer 3 are Ti layer 51,
TiN layer 53 and tungsten 55. The substrate 1 may be silicon
and the contact arcas 7 may be the source/drain regions of
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a field effect transistor. Alternatively, the contact area may be
formed by an aluminum interconnect present on a dielectric
layer.

The structure described, except for sealing of the TIN
grain boundaries, will be readily formed by those skilled in
the art. For example, the windows in the dielectric layer 3
are formed by conventional and well known techniques
which need not be further described for those skilled in the
art to practice the invention, Conventional and well known
techniques are used to deposit the Ti and TiN layers, and
well known cbemical vapor deposition (CVD) techniques
are used to deposit the tungsten.

It has been found that a step that is hypothesized to seal
the grain boundaries in the TIN layer prevents the adverse
effects described in the Background of the Invention. It is
believed that the defects are formed because WF or other
F.,-containing specles penetrates the TiN layer and reacts
with the underlying Ti. However, all the processes that
prevent the adverse effects are consistent with grain bound-
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ary sealing, Hence, the invention is described in terms of 20

sealing grain boundaries,

The grain boundarics are sealed by exposure to oxygen;
that is, by oxygenating the grain boundazies. This may be
done by several embodiments, In one embodiment, the grain
boundaries are sealed by rinsing in water. The temperature
of the water is at lcast the ambient ternperature. The rinsing
is for a period of at least 10 seconds. Elevated temperatures
may also be used. For cxample, a temperature of 80° C. may
be used with a rinsing time of approximately 600 seconds.
Bubbling CO, through the water may also be performed.
This step appears to improve grain boundary sealing.

In yet another embodiment, the grain boundarics are
scaled by heating the wafer in an oxygen containing envi-
ronment. The oxygen is in relatively low concentration; that
is the oxygen concentration may be approximately 2% with
the remainder of the atmosphere being an inert carrier gas
such as nitrogen. The temperature is desirably between 300°
and 500° C. although temperatures outside this range may be
used.
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After the grain boundaries have been scaled, the CVD
tungsten deposition is performed. Convention and now well
known deposition techniques may be used. After tangsten
deposition has been completed, the remainder of the inte-
grated circuit fabrication is completed. For example, the
tungsten is patterned and another diclectric layer is depos-
ited and so forth.

Variations in the embodimeats described will be apparent
to thosc skilled in the art. For example, the grain boundaries
may be sealed by exposure to oxidizing agents other than
oxygen. Additionally, the tungsten may be deposited only in
the windows. Furthermore, inert gases other than nitrogen
may be used as a carrier gas.

The invention claimed is:

1. A method of integrated circuit fabrication comprising
the steps of:

forming a dielectric layer on a substrate;

forming windows in said dielectric layer to expose

selected conducting portions under said dielectric
layer;

depositing layers of Ti and TiN on said dielectric layer and

in said windows;

sealing TiN grain boundaries by rinsing the TiN layer with

water; and

depositing tungsten on said TIN layer by chemical vapor

deposition. .

2. A method as recited in claim 1 in which said scaling
step comprises rinsing in water having at least ambient
temperature.

3. A method as recited in claim 2 in which said rinsing is
for at least 10 seconds.

4. A method as recited in elaim 2 in which said ambient
temperature is approximately 80° C.

5. A method as recited in claim 4 in which said rinsing is
for approximately 600 seconds.

6. A method as recited in claim 2 further comprising the
step of:

bubbling CO, through said water,



