


PROCESS FOR PLASMA ENHANCED ANNEAL OF TITANIUM NITRIDE
. . .  Background of the Invention        In the formation of integrated
circuits, thin films containing  metal elements are often deposited on the
surface of a substrate.  These thin films provide conducting and ohmic
contacts in the circuits  and between the various devices of an integrated
circuit. For  example, a desired thin film might be applied to the exposed
surface  of a contact or a via on a semiconductor wafer with the film
passing  through the insulative layers on the wafer to provide plugs of
conductive material forthe purpose of making interconnections across  



the insulating layers. There are a number of different conductors and
insulators which are chosen for various purposes in an integrated  circuit.
These may include titanium, titanium nitride, titanium  tungsten alloys,
tungsten, aluminum, silicon dioxide, as well as many  others.
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Titanium nitride is used in a variety of applications for  integrated
circuit fabrication. It is used as an adhesion layer for  tungsten films,
as a total interconnect and as a diffusion barrier. As  an adhesion layer,
titanium nitride offers advantages and applications  where blanket tungsten
is used for contact hole and via filling. The  process is normally started
by depositing a thin layer of a material  that acts to improve adhesion
between the tungsten and the  underlying dielectric. Since tungsten adheres
poorly to dielectric  materials, a material must be used which adheres well
to the  dielectric and then adheres well to the tungsten. There are several
materials that are suitable, but titanium nitride has several  advantageous
properties such as very low resistivity and a resistance  



to the chemistries used to etch tungsten, as well as exhibiting good
adhesion to both dielectric and tungsten films.              As a barrier
layer, titanium nitride also offers advantages  as it serves as an
impermeable barrier to silicon. It also has an  activation energy higher
than other materials. For example, the  activation energy for copper
diffusion into titanium nitride is reported  to be 4.3 eV, while the
activation energy from copper into most  metals is on the order of 1-2 eV.
There are several different methods  typically used to form a layer of
titanium nitride. These can include  evaporation of titanium in a nitrogen
atmosphere, reactive sputtering  of titanium in a nitrogen/argon mixture,
sputtering titanium nitride  from a target in an argon atmosphere,
depositing titanium and then  



AMENDED SHEET                                              -3-  converting
it to titanium nitride in a subsequent nitridation step, or  thermal
chemical vapor deposition reactions employing titanium  tetrachloride and
ammonia.              There are many unique concerns with each of these 



different methods, particularly exposure to high temperatures  normally
related  to traditional thermal chemical vapor deposition  processes. At
the device level of an integrated circuit, there are  shallow  diffusions
of semi-conductor dopants which form the  junctions of the electrical
devices within the integrated circuits. The  dopants are initially defused
using heat during the diffusion step. The  dopants will continue to diffuse
when the integrated circuit is  subjected to high temperatures during
chemical vapor deposition.  Temperature limitations may become even more
severe if thermal  chemical vapor deposition is performed after metal
interconnection or  wiring has been applied to the inner integrated
circuit. For example,  many integrated circuits utilize aluminum as an
interconnection metal. 



However, various undesirable voids and extrusions occur in aluminum  when
it is subjected to high temperatures.  Therefore, once  interconnecting
aluminum has been deposited onto an integrated  circuit, the maximum
temperature to which it can be exposed is  approximately 500[err]C and the
preferred upper temperature limit is  400[err]C.       Two pending
applications, WO-A-95/33866 and WO-A-95/33867, both entitled "Method and
Apparatus for Producing Thin Films by Low Temperature Plasma- Enhanced
Chemical Vapor Deposition Using a Rotating Susceptor Reactor" and both



having a priority date of June 3, 1994, describe methods and apparatuses
for producing thin films by low temperature plasma enhanced chemical vapor
deposition using a rotating susceptor reactor suitable to apply by chemical
vapor deposition techniques a thin layer of titanium nitride. Titanium
nitride, however, frequently needs further post-treatment in order to be
suitable for further use.        Solid-State Electronics, vol. 33, No. 11,
pages 1387 to 1391, Japanese Published Patent Application JP-OA-2,3 10,918
and Japanese Published Patent Application JP-A-63,229,814 disclose sputter
deposition of titanium nitride followed by treatment with a plasma.
European Published Patent Application EP-A-0,711,846 (published after the
prioity date of the present application) discloses chemical vapor
deposition of titanium nitride from titanium tetra-alkyl followed by plasma
treatment.   Summary of the Invention               It is the goal of the
present invention to provide a low-  temperature process which is
compatible with aluminum already  present on a wafer to establish a
high-quality titanium nitride film  



comparable in properties to titanium nitride films deposited at very  high
temperatures. It is further an object of the present invention to  provide
a chemical vapor deposition process which provides for the  annealing of
titanium nitride films at temperatures below 500[err]C.               In
accordance with the present invention, a titanium  nitride film is annealed
with a plasma created from a nitrogen-  containing gas in a rotating
susceptor reactor at a temperature less  than 500[err]C. More particularly,
the present invention provides a  method of annealing titanium  nitride
films with an RF generated  plasma formed from a nitrogen-containing gas
such as ammonia at  temperatures significantly less than 500[err]C. This
method provides for    



a film having relatively low resistivity and relatively low chlorine
content compared to films annealed at higher temperatures.              The
objects and advantages of the present invention will  be further
appreciated in light of the following detailed description and  drawing in
which:  Brief Description of the Drawings  



The Figure is a diagrammatic, cross-sectional view of a  reactor for use in
the present invention.   Detailed Description              The present
invention can be used an a variety of  different substrates having a
deposited titanium nitride film. The             titanium nitride film is
deposited by thermal       chemical vapor deposition reactions employing
titanium tetrachloride  and ammonia or nitrogen. Preferred methods of
forming the titanium  nitride film are disclosed more particularly in two
other applications, 



both entitled, "Method and Apparatus for Producing Thin Films By  Low
Temperature Plasma-Enhancad Chemical Vapor Deposition Using  a Rotating
Susceptor Reactor," WO-A-95/33866 and WO-A-33867, both having a priority
date of June 3, 1994, incorporated herein by reference.
An apparatus suitable for plasma enhanced chemical  



vapor deposition is shown in the Figure. The Figure shows an RF
showerhead/electrode configuration which can be utilized to practice  the
present invention.  The chemical vapor deposition (CVD)  apparatus 20
includes an RF showerhead/electrode 22 biased by an  RF feedline assembly
24. Plasma and reactant gases are pumped  through a cylinder assembly 26 to
a substrate 28 on susceptor 30.  Apparatus 20 includes a housing having a
housing cover 32 and  includes an RF supply assembly 34, a heat pipe
assembly 36 with,  cooling jacket 37 and associated fluid supply lines and
a gas  distributor cover 39 with a sealing assembly 41. A cylinder 38 made
of an insulating material such as quartz surrounds the RF feed line
assembly 24.  



Cylinder 38 is preferably formulated out of a high quality  quartz such as
Quartz TO8-E available from Hereaus Amersil. Quartz  cylinder 38 is
supported by a showerhead/electrode 22, made of a  conductive metal such as
Nickel-200. An annular bore 40 is formed  within housing cover 32 to
receive an upper end 42 of cylinder 38.  O-rings 43, 44 at the interface
between stepped bore 40 and cylinder  38 form a seal at the interface. At
the lower end 46 of cylinder 38,  an annular notch 48 in cylinder 38
receives a peripheral edge 50 of  the showerhead/electrode 22. The notch 48
of cylinder 38 rests  upon the peripheral edge  50  of showerhead/electrode
22.  Showerhead/electrode 22 includes a stem 52 attached to RF line    



-7-  tubing 54, such as by a weld at 55, to form a unitary RF line 56. RF
line 56 is frictionally held and supported at its top end by collar 58.
The RF line, in turn, supports showerhead/electrode 22 above  susceptor 30.
Showerhead/electrode 22. in turn, supports the  cylinder 38 within the
cylinder assembly 26 by abutting against  cylinder 38 at notch 48 and
holding it in bore 40. The interface  



between showerhead/electrode peripheral edge 50 and cylinder notch  48 is
seated by a compressed O-ring 58 which is compressed  between shelf 48 and
a similar corresponding annular notch 60  formed in peripheral edge 50 of
the showerhead/electrode 22. A  plurality of gas halos or rings 62, 64
introduce reactant gases into  cylinder 38.         Generally, the
substrate 28 is spaced from about 6.35 x 10[err](0.25 inches) to 0.102[err]
(4 inches) from the showerhead/electrode 22. The distance should be such
that active ions strike the substrate.               In general, reaction
gases are introduced through rings  62 and 64. These pass through cylinder
38 and a plasma is  generated as the gases pass through the
showerhead/electrode 22.  



The plasma will strike the substrate 28.               Titanium nitride can
be thermally deposited upon a  substrate wafer with this apparatus or other
well known apparatus at  approximately a temperature of 450 C. For example,
a layer of  titanium nitride can be deposited using TiCl[err]  ammonia gas
(NH[err]) and                                               -8- 



nitrogen gas (N[err]). There are other known methods and parameters  for
depositing a TiN film.              The titanium nitride film is subjected
to a plasma-  enhanced anneal by creating a plasma from a
nitrogen-containing gas  such as nitrogen or ammonia, preferably using
radio frequency  energy, using an apparatus such as that shown in the
Figure. In order  to conduct the plasma-enhanced anneal, the susceptor
temperature  should be in the range from about 400[err] C to about
500[err]C with the   reactor pressure maintained at from about 67 Pa  (0.5
Torr) to about 1330 pa (10 Torr), preferably 665 Pa  (5 Torr). The
nitrogen-containing gas can either be ammonia or nitrogen with ammonia
being preferred. The flow rate can vary  relatively widely. Generally, the
flow rate will be from about 1,000  to about 10,000 sccm, with about 5,000
being preferred. It Is 



preferred to rotate susceptor 30 to improve uniformity of the plasma
ova[err]e titanium nitride film. 100 rpm is adequate although a higher
rotation rate may be employed.              The RF electrode power must be
sufficient to establish  a plasma, but does not have to be significantly
higher. Accordingly.  the RF power can range from at least about 100 W,
with the upper  limit generally being the power at which the semiconductor
is  destroyed. The invention works well at frequencies ranging from 450
KHz or less up to well in excess of 26 MHz.       



-9-             The anneal is continued for a period of time of 15 to
about 300 seconds or more with about 60 seconds generally being  considered
adequate.             In order to test the quality of the present
invention, a  titanium nitride film was deposited by thermal chemical vapor
deposition using titanium tetrachloride ammonia and nitrogen as the
reacting gases. The reaction conditions are given in Table 1.   TABLE No. 1



ToCl[err] (SCCM)    10        NH[err] (SCCM)                         100
N[err](SCCM)                          5000        REACTION CHAMBER PRESSURE
(Pa)        2660 (20 Torr)        SUSCEPTOR ROTATION RATE (RPM)
100        SUBSTRATE TEMP. ([err]C)              450             This was
then annealed with a plasma anneal. The  ammonia flow rate was 5.000 sccm,
RF power setting 750 watts at  450 KHz, pressue 665 Pa  (5 Torr), and
rotation rate 100 rpm for 120 seconds.  The susceptor temperature was
maintained at 467 C, providing a  wafer temperature of 450[err] C, which
produced a film having a  resistivity of 363 micro ohm-centimeters and a
chlorine content of      4.5%.A similar film thermally annealed under the
conditions set  forth in Table 2 produced a film having a resistivity of
over 1,000  micro-ohm centimeters and a chlorine content of 5.0%. 



TABLE NO. 2         NH[err] (SCCM)                       5000
REACTION CHAMBER PRESSURE (Pa)        2660 (20 Torr)        SUSCEPTOR
ROTATION RATE (RPM)          100        SUBSTRATE TEMP. ([err]C)
450        (No PLASMA)                                             -10-
The resistivity of films annealed in this manner generally exceed 1000  



[err]Q-cm with chlorine contents of at least 5.0%.              Thus, by
employing the present invention, an improved  film is formed which has a
resistivity lower than thermally annealed  films and a chlorine content
less than thermally annealed films. At  the same time, the temperature is
maintained at less than 500[err] C  which makes this suitable for
integrated circuits having aluminum  layers, improving the ability of the
chemical vapor deposited titanium  nitride films to be employed in
integrated circuits. This significantly  improves the overall utility of
chemical vapor deposited titanium  nitride films.              This
invention has been described including the preferred  method of practicing
the invention currently known. However, the  



invention should only be defined by the appended claims wherein we  claim:
1.    A method of forming a titanium nitride film on a substrate (28), said
method comprising the steps of:        depositing said titanium nitride
film on said substrate by thermal chemical vapour deposition using titanium
tetrachloride; characterised by         annealing said titanium nitride
film by contacting said titanium nitride film with a plasma formed from a
gas selected from the group consisting of ammonia and nitrogen at a
temperature less than 500[err]C. 



2. The method claimed in claim 1 wherein said plasma is  created by
subjecting said gas to RF energy.   3.    The method claimed in claim 2
wherein said RF energy is greater than 100 W.   4.          The method
claimed in claim 1 wherein said plasma  anneal is continued for       15 to
300 seconds.        5. The method claimed in claim 1 wherein said titanium



is from      400C to       500[err]C.    7.    The method claimed in claim
1 wherein said annealing is conducted at a   pressure of from 133 Pa   (1
Torr) to 1330 Pa    (10 Torr).                8.    The method claimed in
claim 1, wherein, during said annealing,        said titanium nitride film
is rotated; 



said plasma is an ammonia plasma;        said ammonia plasma is formed by
contacting a flowing stream of ammonia with an RF electrode (22) at a
wattage of at least 100W; and        said titanium nitride film is heated
to a temperature of 400[err]C to 500[err]C at a pressure of 133 Pa    (1
Torr) to 1330 Pa   (10 Torr).    


