
;cde3eTQ,(TB6xT4:' METHOD USING ULTRAVIOLET RADIATION FOR INTEGRATED
CIRCUIT MANUFACTURING   5 The present invention relates generally to
manufacturing integrated circuits and more particularly to improving gate
dielectrics in integrated circuits. BACKGROUND ART Integrated circuits are
now used in almost every type of product imaginable by the millions. They
are used in everyday consumer products such as Game Boy toys, wired and 1 o
wireless telephones, home electrical appliances and computers, automobiles,
etc. In industrial products, they are used in computer systems, control
systems, etc. Integrated circuits are generally formed in and on a
semiconductor substrate of silicon. A gate dielectric is formed under a
gate electrode and on the semiconductor substrate over a region within the
substrate, which will serve as a channel region of an integrated 15
circuit. The integrated circuits function when the channel region formed in
the semiconductor substrate is biased to allow a current to flow from a
source region to a drain region by way of the channel region. A gate
voltage applied to the gate on top of the gate dielectric film provides the
necessary bias. When the applied gate voltage exceeds the threshold voltage
of the integrated circuit, current flows laterally from the source region
to 20 the drain region through the channel region, and the integrated
circuit is turned ``on". The quality and integrity of the gate dielectric
is critical to the functionality of the integrated circuit devices, which
include a very tightly defined set of operational characteristics that, in
turn, are very sensitive to the characteristics of the materials and
process operations used to form the integrated circuit devices. It is
important, therefore, to 2s maintain the operational characteristics of a
gate dielectric film, and specifically, to suppress any changes associated
with the fixed electrical charge of a gate dielectric film and the
interface region formed between the gate dielectric film and the underlying
substrate surface. A thermally grown oxide film, commonly used as a gate
dielectric material in the semiconductor processing industry, carries with
it an electrical charge, called a "fixed oxide 30 charge". This fixed oxide
charge influences the threshold voltage required for turning on a
integrated circuit device. If the charge associated with the gate it is too
high, due to trapped electrical charges, the characteristics of a film will
be destroyed. Defects, such as impurities and dangling or broken bonds,
within the oxide film form "trap sites" or "traps". Traps within a gate
oxide film can exist at the gate electrode/oxide 5 interface, the bulk
oxide film, or the oxide/substrate interface. Interface traps located at
the oxide/substrate interface are especially prevalent. This is so because,
during formation of the oxide film, a transition region forms between the
crystalline silicon and the amorphous gate oxide. As a result the
transition region includes many incompletely bonded species, which
constitute trap sites. These trap sites are usually uncharged, but can
become charged when 1 o electrons and holes are introduced into the oxide
and become trapped at the trap site. One way the traps become charged is by
avalanche injection of highly energetic electrons into the oxide. These
highly energetic electrons are commonly called "hot carriers". Hot carriers
are generally a result of plasma processes. The gate dielectric is the
heart of an integrated circuit and its integrity is a key 15 reliability
requirement for the integrated circuit. The gate dielectric must have high
integrity, which means it must not have any pinholes or surface
irregularities. Pinholes and surface irregularities will cause uncontrolled
current flow in the semiconductor substrate and to the gate resulting in
failure of the integrated circuit. Gate dielectric integrity has become
increasingly more important as the industry has 



2o pushed for greater miniaturization of the integrated circuits to produce
smaller and more powerful products. This has required the gate dielectric
to be thinner and thinner, which means that the pinholes and surface
irregularities cause more and more problems. In the past, gate dielectric
improvement was achieved by methods, which were primarily preventative in
nature; i.e., cleaner processes, less damaging processes, more 25
conservative (and less competitive) designs, etc. Solutions to these
problems with the gate dielectric have long been sought, but have long
eluded those skilled in the art. DISCLOSURE OF THE INVENTION The present
invention provides a method for manufacturing an integrated circuit 3o
including a substrate with a gate layer and a gate dielectric provided on
the substrate. The gate layer is formed into a gate using a process that
imposes a charge in the gate dielectric. The substrate, gate, and gate
dielectric are irradiated to discharge the charge across the gate 2
dielectric. This method of manufacturing produces a thin gate dielectric
with high integrity and without pinholes and/or surface irregularities,
which would cause the gate dielectric to fail. Certain embodiments of the
invention have other advantages in addition to or in place 5 of those
mentioned above. The advantages will become apparent to those skilled in
the art from a reading of the following detailed description when taken
with reference to the accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a view of an integrated circuit in an intermediate stage
of manufacture in l0 accordance with the present invention; FIG. 2 is the
structure of FIG. 1 after formation of the gate dielectric; FIG. 3 is the
structure of FIG. 2 after further processing; FIG. 4 is the structure of
FIG. 3 as a completed integrated circuit in accordance with the present
invention; and ~ 5 FIG. 5 is a simplified flow chart of the method in
accordance with the present invention. DETAILED DESCRIPTION OF THE
INVENTION Referring now to FIG. 1, therein is shown an integrated circuit
10 in an intermediate stage of manufacture in accordance with the present
invention. The integrated circuit 10 has 



2o a wafer substrate 12. Generally, an integrated circuit will be formed
directly on the wafer substrate 12; however, in one embodiment, the wafer
substrate 12 has an insulator 14 and a semiconductor substrate 16 formed
thereon to form a silicon on insulator (SOI) integrated circuit. The term
"horizontal" as used in this application is defined as a plane parallel to
the 25 conventional plane or surface of a wafer or substrate, regardless of
the orientation of the wafer or substrate. The term "vertical" refers to a
direction perpendicular to the horizontal as just defined. Prepositions,
such as "on", "side", "higher", "lower", "over", and "under" are defined
with respect to the conventional plane or surface being on the top surface
of the wafer or substrate, regardless of the orientation of the wafer or
substrate. The term "process" as 30 used herein is defined without being
limiting to include one or more of the following: 3   depositing or growing
semiconductor materials, masking, patterning, photolithography, etching,
implanting, removal, and/or stripping. The semiconductor substrate 16 has a
shallow trench isolation (STI) 18 formed therein to isolate semiconductor
devices from one another. A gate dielectric 20 has been 5 deposited/grown
over the semiconductor substrate 16 and the STI 18. A layer of gate
material, such as polysilicon or amorphous silicon, is deposited on the
gate dielectric 20 and is formed into a gate 22 by an etching process 24,
such as plasma etching. A number of plasma etching steps and a number of
plasma assisted film depositions may be used in forming the integrated
circuit 10. Plasma processes involve introducing a reactive gas into a
reaction chamber and then providing a high voltage across electrodes to
cause a glow discharge of the reactive gas to generate a plasma of excited
ions. By applying a voltage bias across the reaction chamber and the wafer,
material can be either removed or added from a semiconductor structure.
During the electromagnetic excitation of the ions and the impacting of the
ions on the ~ 5 material being etched or deposited, electrical charges
deposit and accumulate on the surfaces of the material. Since these charges
accumulate in the gate 22 and the semiconductor substrate is conductive,
these charge deposits produce potential differences across the gate
dielectric 20. Over time, these charge deposits are often sufficient to
cause damage and/or breakdown of the gate dielectric 20. This damage and
breakdown is referred to as "plasma 2o induced damage" or PID. The PID
cannot only reduce the performance of the integrated circuit 10, but can
cause failure such that an entire product incorporating the integrated
circuit 10 can be rendered useless. Referring now to FIG. 2, therein is
shown the structure of FIG. 1 after formation of the gate dielectric 20. A
source region 26 and a drain region 28 have been implanted in the 25
semiconductor substrate 16 and a dielectric layer 30 has been deposited
over the semiconductor substrate 16, the STI 18, the gate dielectric 20,
and the gate 22. The dielectric layer 30 is transparent to ultraviolet
radiation. 



It has been discovered that, upon application of light energy or
irradiation, such as by ultraviolet radiation 32 in the wavelength from
about 150 nm to about 400 nm photon 3o induced currents can be created to
carry away the electric charges that can cause PID. The photon-induced
currents in the dielectric layer 30 during this first application carry
charges from the gate 22 through the dielectric layer 30 into the
semiconductor substrate 16. 4   Referring now to FIG. 3, therein is shown
the structure of FIG. 2 after further processing. A first interlevel
dielectric (ILD) layer 34 has been deposited over the dielectric layer 30
and source and drain contact openings 36 and 38 have been plasma etched
through the first ILD layer 34 and the dielectric layer 30. The source and
drain contact openings 36 5 and 38 are filled with a conductive material to
form source and drain contacts 40 and 42 which are respectively in contact
with the source and drain regions 26 and 28. A first metal layer 44 has
been deposited over the first ILD layer 34. The first metal layer 44 may
include a bottom liner, a metal conductive layer, and a top liner or anti
reflective coating (ARC), each of which may comprise one or more layers of
conductive thin l0 film. The first metal layer 44 is processed and
patterned to create openings 46, 47, and 48. It has been further discovered
that a ultraviolet irradiation 50 that is performed in the wavelength from
about 150 nm to about 400 nm through the openings 46, 47, and 48 in the
first metal layer 44 will also discharge charges due to the plasma
deposition of the first ILD layer 34 and the plasma etching of the source
and drain contact openings 36 and 38. During 15 this second application,
the charges are carried from the first ILD layer 34 to the source and drain
contacts 40 and 42 and into the semiconductor substrate 16 to prevent PID
to the gate dielectric 20. Referring now to FIG. 4, therein is shown the
structure of FIG. 3 as a completed integrated circuit 10. 20 A second ILD
layer 51 has been deposited, via openings have been plasma etched and
filled to form vias 52, and a second metal layer 54 has been deposited and
patterned. A third application to ultraviolet radiation (not shown) has
been performed to discharge charges across the gate dielectric 20. A third
ILD layer 56 has been deposited, via openings have been plasma etched and
25 filled to form vias 58, and a third metal layer 60 has been deposited
and patterned. A fourth application to ultraviolet radiation (not shown)
has been performed to 



discharge charges across the gate dielectric 20. A fourth ILD layer 62 has
been deposited, via openings have been plasma etched and filled to form
vias 64, and a fourth metal layer 66 has been deposited and patterned. 3o A
fifth application to ultraviolet radiation (not shown) has been performed
to discharge charges across the gate dielectric 20. A fifth ILD layer 68
has been deposited, via openings have been plasma etched and filled to form
vias 70 and a fifth metal layer 72 has been deposited and patterned. 5   A
sixth application to ultraviolet radiation (not shown) has been performed
to discharge charges across the gate dielectric 20. A sixth ILD layer 74 is
deposited and capped by a capping layer 76. It will be understood that
optimal wavelengths, intensity, and application time will be 5 determined
heuristically based on the disclosure herein and the particular
construction of the integrated circuit involved. In one embodiment, the
dielectric layer 30 and the dielectric layers in the first, second, third,
fourth, and fifth metal layers 44, 54, 60, 66, and 72 are of silicon
nitride. The first, second, third, fourth, fifth and sixth ILD layer's 34,
50, 56, 62, 68, and 74 are of silicon 1o dioxide. The source and drain
contacts 40 and 42, and vias 52, 58, 64, and 70, are of conductive
materials such as tungsten, tantalum, or titanium, or of conductors such as
aluminum or copper encased in a barrier material of tantalum or titanium or
a nitride of titanium tantalum. The gate dielectric 20 is generally of
silicon dioxide and the gate 22 is polysilicon or amorphous silicon. The
wafer substrate 12 and the semiconductor substrate 16 t 5 are generally of
( l00) crystalline silicon. The insulator 14 is of silicon dioxide. In one
embodiment, the ultraviolet irradiation is performed at a wavelength from
about 150 nm to about 400 nm at an intensity of about 120 mw/cm2 to about
200 mw/cm2 for an irradiation time of about 60 to 600 seconds. Referring
now to FIG. 5, therein is shown a simplified flow chart 80 of the method in
2o accordance with the present invention. A method includes: a step 82 for
providing a substrate having a gate layer and a gate dielectric thereon; a
step 84 for forming the gate layer into a gate using a process that imposes
a charge across the gate dielectric; and a step 86 for irradiating the
substrate, gate, and gate dielectric to discharge the charge across the
gate dielectric. 25 While the invention has been described in conjunction
with a specific best mode, it is to be understood that many alternatives,
modifications, and variations will be apparent to those skilled in the art
in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall
within the spirit and scope of the included claims. A11 matters
hithertofore set forth herein or shown in the 3o accompanying drawings are
to be interpreted in an illustrative and non-limiting sense. 6   THE
INVENTION CLAIMED IS: 1. A method for manufacturing an integrated circuit
comprising: providing a substrate having a gate layer and a gate dielectric
thereon; forming the gate layer into a gate using a process that imposes a
charge across the gate 5 dielectric; and irradiating the substrate, the
gate, and the gate dielectric to discharge the charge across the gate
dielectric by application of ultraviolet radiation from about 150 to about
400 nanometers at an intensity of about 120 mw/cm2 to about 200 mw/cm2. l0
2. The method as claimed in claim 1 wherein irradiation includes
application of ultraviolet radiation for a period of about 60 to about 600
seconds. 



3. The method as claimed in claim 1 additionally comprising: depositing an
dielectric layer over the substrate; and wherein the irradiating is
performed through the dielectric layer. 15 4. The method as claimed in
claim 1 additionally comprising: depositing a dielectric layer over the
substrate, the dielectric layer being transparent at a wavelength at which
the dielectric layer is irradiated. 5. The method as claimed in claim 1
additionally comprising: depositing an dielectric layer over the substrate;
and 2o forming a contact in the dielectric layer by a process that imposes
a charge across the gate dielectric, the contact in contact with the
substrate. 6. The method as claimed in claim 1 additionally comprising:
depositing an dielectric layer over the substrate; forming source and drain
regions in the substrate; and 25 forming first and second contacts in the
dielectric layer by a process that imposes a charge across the gate
dielectric, the first and second contacts respectively in contact with the
source and drain regions. 7. The method as claimed in claim 1 additionally
comprising: depositing a dielectric layer by a process leaving a charge in
the gate dielectric; 3o depositing a metal layer over the dielectric layer;
patterning the metal layer; and 7   irradiating the metal layer and the
dielectric layer around the patterned metal layer to discharge the charge
across the gate dielectric. 8. The method as claimed in claim 1
additionally comprising: depositing a dielectric layer by a process leaving
a charge in the gate dielectric; 5 forming a via in the dielectric layer by
a process that imposes a charge across the gate dielectric; depositing a
metal layer over the dielectric layer in contact with the via; patterning
the metal layer; and irradiating the metal layer and the dielectric layer
around the patterned metal layer to 1 o discharge the charge across the
gate dielectric. 9. The method as claimed in claim 1 additionally
comprising: providing a wafer substrate having an opening provided therein;
providing an insulator over the wafer substrate; and wherein providing the
substrate provides the substrate over the insulator to form a t 5 silicon
on insulator structure. 



10. A method for manufacturing an integrated circuit comprising: providing
a semiconductor substrate having a silicon gate layer and a gate oxide
thereon; forming the silicon gate layer into a silicon gate using a process
that imposes a charge 20 across the gate oxide; and irradiating the
semiconductor substrate, the silicon gate, and the gate oxide to discharge
the charge across the gate oxide using ultraviolet radiation by application
of ultraviolet radiation from about 150 to about 400 nanometers at an
intensity of about 120 mw/cm2 to about 200 mw/cm2. 25 11. The method as
claimed in claim 10 wherein irradiation includes application of ultraviolet
radiation for a period of about 60 to about 600 seconds. 12. The method as
claimed in claim 10 additionally comprising: depositing an dielectric layer
over the semiconductor substrate; and wherein the irradiating is performed
through the dielectric layer. 30 13. The method as claimed in claim 10
additionally comprising: depositing a dielectric layer over the
semiconductor substrate, the dielectric layer being transparent to
ultraviolet radiation. s   14. The method as claimed in claim 10
additionally comprising: depositing an dielectric layer over the
semiconductor substrate, the dielectric layer transparent to ultraviolet
radiation; and forming a contact in the dielectric layer by a process that
imposes a charge across the 5 gate oxide, the contact in contact with the
semiconductor substrate. 15. The method as claimed in claim 10 additionally
comprising: depositing an dielectric layer over the semiconductor
substrate; implanting source and drain regions in the semiconductor
substrate; and forming first and second contacts in the dielectric layer by
a process that imposes a 1 o charge across the gate oxide, the first and
second contacts respectively in contact with the source and drain regions.
16. The method as claimed in claim 10 additionally comprising: depositing a
dielectric layer by a process leaving a charge in the gate oxide;
depositing a metal layer over the dielectric layer; t 5 patterning the
metal layer; and irradiating the metal layer and the dielectric layer
around the patterned metal layer to discharge the charge across the gate
oxide using ultraviolet radiation. 17. The method as claimed in claim 10
additionally comprising: depositing a dielectric layer by a process leaving
a charge in the gate oxide; 20 forming a via in the dielectric layer by a
process that imposes a charge across the gate oxide; depositing a metal
layer over the dielectric layer in contact with the via; patterning the
metal layer; and irradiating the metal layer and the dielectric layer
around the patterned metal layer to 25 discharge the charge across the gate
oxide using ultraviolet radiation. 18. The method as claimed in claim 10
additionally comprising: providing a wafer semiconductor substrate having
an opening provided therein; providing an insulator lining the opening; and



wherein providing the semiconductor substrate provides the semiconductor
substrate 30 in the opening over the insulator to form a silicon on
insulator structure. 9 .A@.A.A.A.A.A.A..A.A.l(IKj b  7Qy3
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