
MULTILAYERED Al-ALLOY STRUCTURE FOR METAL CONDUCTORS        Background of
the Invention                   This invention relates to metalization for
integrated circuits (ICs) and      more particularly to Al-based
metalization for Si ICs.   5               In ICs metal layers are used to
make electrical contact to device active      areas (e.g., as runners
between devices on the same level of an IC or as vias between      devices
on different levels). In both cases, vias or windows with essentially
vertical      sidewalls are opened in an overlying dielectric layer to
expose a portion of an      underlying layer (e.g., the semiconductor
active areas of devices or the commonly  10 referred to "Metal- 1" of the
first level of metalization). A plug of metal from an      overlying metal
layer (e.g., "Metal-1" in the case of a device contacts or the
commonly referred to "Metal-2" in the case of interconnects) extends
through the via      or window and makes an electrical connection between a
metal layer and a      semiconductor (device contact) or between two metal
layers (interconnect). For 



15  simplicity, we will hereinafter refer to the electrical connection in
both cases (metal      to semiconductor, and metal to metal) as an
interconnect.                   In Si ICs aluminum alloys are the most
common materials used for such      metal layers. Typically, these Al-based
layers are deposited as a single material by      means of a single-step
deposition such as sputtering. 20               In windows or contacts to
active regions of a device, a typical      metalization structure includes
sequentially deposited layers of titanium (Ti),      titanium nitride
(TiN),.and optionally another Ti layer, followed by either
aluminum-silicon (Al-Si) or aluminum-silicon-copper (Al-Si-Cu) alloys (but
not      both). The structure is designed to prevent Si migration and
junction spiking. That 25 is, Al-Si-based alloys, with the amount of Si
satisfying the solubility limit in the Al      alloy, are commonly used to
prevent the migration of Si from the Si body containing      the devices
into the Al-alloy, whereas the Ti and TiN layers serve as barrier layers in
the metal interconnect to prevent Al spikes from penetrating into the Si
body.                  Although the use of such Si-containing Al-alloys
satisfies the solubility 30 requirements, deposition of Al-Si or Al-Si-Cu
on Ti/TiN or Ti/TiN/Ti in      conventional apparatus (e.g., a cluster
tool) at typical temperatures (e.g., around      200400 [err]C), results in
Si precipitation within the Al layer. The Si precipitation      reaction is
most pronounced at the Al layer free surface and occurs either during the 



deposition sequence or immediately upon cooling the wafer from the
deposition 35  temperature. The reaction is most pronounced in metalization
containing Ti-based      alloy or compound layers . This Si precipitation
reaction results in significant      surface roughness of the Al-alloy
layer free surface, thus creating processing
- 2  -        problems with subsequent lithography steps (patterning); that
is, steppers are not      able to focus well, resulting in poor printing
and linewidth control. Moreover, Si      precipitates at the free surface
may act as nucleation sites for stress-induced voiding      when the
Al-based interconnect is encapsulated with a passivation layer such as a  5
dielectric. Therefore, Si precipitation is a problem because it degrades
the      lithography process via surface roughness and it reduces
interconnect reliability via      stress-induced voiding. 



Summary of the Invention                   These and other problems are
addressed in accordance with one aspect 10 of the invention in which an IC
includes an Al-based layer which is deposited as a      composite of
sublayers of different composition Al-based materials.                   In
one embodiment of a Si IC, a first sublayer comprises an Al-Si-based
alloy which prevents substantial Si migration into the first sublayer and a
second      sublayer, above the first, comprises an Al-based alloy with
substantially no Si to 15  alleviate precipitation-induced problems.
In a preferred embodiment, the second sublayer is a major portion of the
overall thickness of the Al-based layer in order to improve
electromigration      characteristics.      Brief Description of the
Drawings 20               The invention, together with its various features
and advantages, can be      readily understood from the following more
detailed description taken in conjunction      with accompanying drawing,
in which the sole figure is a schematic cross-section of      the
metalization of a Si IC in accordance with one embodiment of the invention.
The figure has not been drawn to scale for purposes of clarity of
illustration. 25  Detailed Description                  With reference now
to the figure, a portion 10 of an IC includes a 



conductive layer 30 disposed on a body 12. The body 12 is intended to
schematically represent any region underlying layer 30; thus, for example,
body 12      may comprise a semiconductor body (e.g., a substrate or an
epitaxial layer disposed 30  on a substrate) in which device regions are
formed. In particular, body 12 may      comprise a Si single crystal
substrate. Alternatively, body 12 may comprise an      insulative layer
which separates conductor 30 from other conductors in the IC. In
addition, the portion 10 of the IC shown may be located in a window or via
where      conductor 30 would serve as an interconnect, or it may be
located in the field of the 35 IC where conductor 30 would serve as a
runner.                          In accordance with one aspect of the
invention, the conductor 30     comprises first and second sublayers 16 and
20. These sublayers, in turn, comprise 



different Al-based alloys. In a preferred embodiment, the first sublayer 16
is     separated from body 12 by a first barrier layer 14. In another
embodiment, the  5 sublayers themselves may also be separated by an
optional second barrier layer 18.                  Consider that body 12
comprises a semiconductor which includes a      migratory material such as
Si, which tends to migrate into the conductor 30 during      processing. In
this case, the first sublayer 16 comprises an Al-based alloy containing
sufficient Si therein to satisfy the solubility limit of Si in the alloy.
Illustratively, the 10  first sublayer 16 comprises an Al-Si-Cu alloy with
the amount of Si therein      satisfying the solubility limit.
As noted earlier, however, the presence of Si in an Al-based alloy causes
Si precipitation on the surface of the alloy and attendant lithography
problems. To      alleviate this problem, the second sublayer 20 comprises
a different Al-based alloy 15  and, importantly, contains essentially no Si
(i.e., none of the migratory material). In      addition, the alloy of the
second sublayer 20 should desirably have good      electromigration
characteristics. Illustratively, the second sublayer 20 comprises an
Al-Cu alloy with essentially no Si. To take fuller advantage of the
enhanced      electromigration characteristics of the Al-Cu alloy, it is
desirable that the second 20  sublayer 20 comprise a major portion of the
thickness of conductor 30. These      characteristics may be further
improved by capping second sublayer 20 with Ti, TiN 



or both.                  In general, suitable Al-based alloys for Si ICs
comprise Al-Si-X for first      sublayer 16 and Al-Y for second sublayer
20, where X or Y include Cu, Sc, Ge, Pd, 25  Nb, Mg, Hf, or combinations
thereof, by Y includes essentially no Si. The      composition of Al-Cu and
Al-Si-Cu alloys, in general, may comprise about 0.05-      5.0% Cu by
weight and 0.05-5.0% Si by weight, with the amount of Si in the first
sublayer satisfying the solubility limit of Si in the alloy. Typically the
alloys contain      0.5-2.0% Cu and 0.5-1.5% Si by weight with the same
proviso. 30               Likewise, the barrier layers 14 and 18 (when
used) typically comprise a      refractory metal (e.g., Ti), a refractory
metal nitride (e.g., TiN), or a refractory metal      alloy (e.g., TiW), or
combinations thereof (e.g., Ti/TiN multilayer), all of which are      well
known in the art, as is their method of fabrication.                  In
the following illustrative description, it will be assumed that all metal
35 layers are deposited by sputtering, although the invention is not
limited to this      technique (e.g., evaporation may also be suitable). In
addition, the process is      conveniently carried out in a
state-of-the-art cluster tool or machine with individual    



-4-        deposition chambers. To improve deposition uniformity across a
wafer, sputtering is      preferably performed using planar targets.
This example utilized a body 12 comprising a Si IC wafer containing
device regions (active and/or passive). In a first step a Ti/TiN composite
barrier  5 layer 14 was deposited on a major surface of the wafer using
well known processes.      Next a 3000A thick first sublayer 16 was
sputtered as an Al-Si-Cu alloy comprising      about 0.75% Si and 0.50% Cu
by weight, the remainder comprising Al. A next step      included sputter
deposition of a 3000 A thick Al-Cu sublayer 20 directly on sublayer      16
(the optional barrier layer 18 was omitted in this case). Sublayer 20
contained 10 0.5% Cu with the remainder being Al; it contained no Si
intentionally incorporated      into the alloy. As noted earlier, the
sublayers need not have the same thickness and,      in most cases, it is
desirable for the second sublayer to be thicker than the first.
Suitable thicknesses include 1500 - 3000A for the first sublayer and 3000 -
6000[err]      for the second. The amount of Si in the first sublayer is a
function of the 



15 mass/volume of the sublayer. Therefore, those skilled in the art will
adjust the      dimensions of the first sublayer 16 to satisfy the
solubility requirements.                  The sputter deposition of both
sublayers took place at a power of 9 kW,      a pressure of 2 mTorr and a
wafer temperature of 300[err]C. However, suitable ranges      for these
processing parameters are about 1-20 kW, about 1-21 mTorr, and about 20
200-400[err]C.                  It is to be understood that the
above-described arrangements are merely      illustrative of the many
possible specific embodiments which can be devised to      represent
application of the principles of the invention. Numerous and varied other
arrangements can be devised in accordance with these principles by those
skilled in 25 the art without departing from the spirit and scope of the
invention.                  In summary, the sublayering aspect of the
invention allows, on the one      hand, control of problems caused by Si
migration by means of an Al-Si-Cu first      sublayer and, on the other
hand, control of problems caused by Si precipitation by      means of an
Al-Cu second sublayer. The combination reduces stress-induced 30 migration
effects (and hence increases reliability), reduces lithography problems due
to Si precipitation, and enhances electromigration characteristics due to
the      properties of Al-Cu alloys. Of course, junction spiking (Al
penetration into the Si      wafer) is best handled by means of a good
quality first barrier layer 14. 



CLAIMS           1. A method of making an integrated circuit which includes
an Al-based layer characterized by the steps of:             providing a Si
body,             depositing a first barrier layer on at least a portion of
said body;             depositing a first sublayer on said first barrier
layer, said first sublayer deposited as an alloy comprising Al and Si so
that an amount of Si therein satisfies a solubility limit of Si, 



depositing a second barrier layer on said first sublayer, and
depositing a second sublayer on said second barrier layer, said second
sublayer deposited as an alloy of Al with essentially no Si,
wherein said first barrier layer, said first sublayer, said second barrier
layer, and said second sublayer form a conductive layer, and said second
sublayer is a major portion of a thickness of said conductive layer.
2. The method of claim 1 wherein said second sublayer is deposited as an
alloy comprising Al and Cu.          3. The method of claim 2 wherein said
first sublayer is deposited as an alloy comprising A1 and Si or Al, Cu and
Si.          4.  The method of claim 2 wherein said first and second
barrier layers are deposited as materials selected from the group
consisting of refractory metals, refractory metal nitrides and refractory
metal alloys or combinations thereof. 



5.  The method of claim 4 wherein said first and second barrier layers are
deposited as materials selected from the group consisting of Ti, TiN and
TiW or combinations thereof.                  6.  A method of making an
integrated circuit comprising the steps of:              providing a Si
body containing device regions,              forming a first barrier layer
on at least a portion of said body,              sputtering an A1-Si based
alloy first sublayer on said first barrier layer while the temperature of
said body is maintained between about 200 - 400[err]C, the 



amount of Si in said first sublayer being sufficient to satisfy the
solubility limit of Si in said alloy,              forming a second barrier
layer on said first sublayer, and              sputtering an A1-based alloy
second sublayer containing essentially no Si on said second barrier layer,
wherein said first barrier layer, said first sublayer, said second barrier
layer, and said second sublayer form a conductive layer, and said second
sublayer is a major portion of a thickness of said conductive layer.
7.  The method of claim 6 wherein said first sublayer comprises A1-Si-Cu,
and said second sublayer comprises A1-Cu.    


