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m ni mze d0aicasss, yiasgr swindoves with essentially vertlcal 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 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 ';Me_tal-2" in the case of
‘15 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 simplicity, we will hereinafter refer to the electrical
connectionrin both cases (metal to semiconductor, and metal to metal) as an
interconnect.

L~

20 Aluminum and aluminum alloys are the most common materials used
- for such metal layers. Typically, these Al-based layers are deposited as single layers

by means of a single-step deposition such as sputtering. Al-based, single-layer
metalization, however, suffers several major problems when used to form
interconnects in vias or windows: (1) poor step coverage at a top edge of the

25 window, (2) pinch-off or a lack of metal deposition along a sidewall of the window,
and (3) overhang or excessive metal above a top edge of the window. Any one or
more of these problems may adversely affect IC reliability. Thus, poor step
coverage and overhang often produce voids (an absence of metal) in the windows
which reduce the ability of the interconnect to carry current. Pinch-off, on the other

30 hand, causes electron crowding, and hence undesirably high current densities, in the
sidewall regions where metal is absent. '

Lack of adequate step coverage in vertical or near vertical-walled
openings or vias, especially those with aspect ratios greater than unity, is often
addressed in the prior art by using tapered (i.e., sloped) sidewalls. However, this

35 taper technology results in a larger pitch. Because a larger pitch means increased
spacing between parallel metal conductors (e.g., runners), any significant taper is |
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stages (col. 4, lines 10-21). None of these nmulti-step
netal i zation processes for filling high aspect 20 ratio vias, however,
recogni zes the inportant relationship between interconnect per f or mance
and the need for a plug which has both a-2arge grain size and a

particular texture (i.e., grain orientation). Thus, a

need remains jn the art for talizati
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Patent 5,108,951 (col. 4, lines 1-9) granted to F. E. Chen et al. on April 28, 1992.
The Chen et al. patent goes on to describe an alternative technique in which
aluminum is deposited continuously while the wafer is being heated. That is, a small
amount of aluminum is deposited at or below 350° C, and as the wafer gradually
15 heats to the desired deposition temperature (400-500 ° C), aluminum deposition

continues. Chen et al. reports that this technique gives a léyer of aluminum which is’
deposited with very small grain sizes, tending to minimize grain size growth at later
stages (col. 4, lines 10-21).
None of these multi-step metalization processes for filling high aspect
20 ratio vias, however, recognizes the important relationship between interconnect
performance and the need for a plug which has both a large grain size and a
particular texture (i.e., grain orientation).
Thus, a need remains in the art for a metalization scheme that addresses
the above problems in fabricating interconnects in essentially vertical-walled vias or
25 windows. A particular need remains for such a metalization scheme which is
suitable for high aspect ratio vias such as those present at sub-half-micron design
rules. T
Summary of the Invention

These problems are addressed in accordance with one aspect of the
30 invention, a method of making integrated circuits in which an opening (e.g., via or
window) is filled with an Al-based plug by depositing a texture control Ti layer
under conditions which yield a predetermined orientation in subsequently deposited
Al-based layers. Then a plurality of Al-based sublayers are deposited: first, a fine
grained first sublayer with essentially a <111> orientation is deposited at a relatively
35 cold temperature on thé Ti layer; next, a second sublayer is deposited on the first
sublayer while the temperature is ramped up from the cold temperature to a peak
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- 3- deposition tenperature, so that, during the ranp up, a

Ti-alum nide |ayer is fornmed at the interface between the Ti |ayer and
the first sublayer, and so that the grain size of the Al -based materi aI
.increases; and next, a third sublayer is-@posited at the peak
tenperature. During deposition of the third sublayer, the entire
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Bnef Descnptxon of the Drawings

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:

15 FIG. 1 is a schematic rendering of the cross-section of a plug in a via
‘which interconnects Metal-1 and Metal-2 layers in an IC;
FIGS. 2-6 show schematically the sequential steps in the fabrication of
the plug of FIG. 1 in accordance with one embodiment of the invention; and
_ FIG. 7 depicts FIG. 6 with various sublayers shown as a single layer.
20 In the interests of clarity of illustration, the figures have not been drawn.
to scale. ]
Detailed Description
An integrated circuit (IC) typically comprises a semiconductor body

(e.g., a silicon substrate or a silicon epitaxial layer on a substrate) in which the active

25 regions of devices (e.g., FETs, bipolar transistors) or the péssive regions of other
devices (e.g., resistors, capacitors) are formed. Devices on different parts of a wafer
are typically insulated from one another by insulative (e.g., oxide) regions, and
selected devices are interconnected by means of conductive (e.g., metal) layers. Due
to the complexity of the interconnection patterns, the metal layers are formed on

30 more than one level (commonly two levels, but increasingly three or four levels).

Different levels of metal layers, as well as metal layers and

semiconductor device areas, are electrically insulated from one another by one or
more insulative (e.g., silicon oxide or silicon nitride) layers, except in those areas
where electrical connections are desired. These insulative layers are sometimes

35 referred to as interlayer dielectrics. In those areas, vias or windows are opened in the
insulative layer(s) and then filled with metal plugs. FIG. 1 schematically illustrates a
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FIG 7 depicts FIG 6 with various sublayers shown as a single layer. 20
In the interests of clarity of illustration, the figures have not been

dr awn. to scale. Det ai | ed Descri ption An
integrated circuit (I1C) typically conpriseg-a senm conductor body
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one another by insulative layer 20 in which an opening (e.g., a via or window) is
formed to allow plug 18 to extend from Metal-2 to Metal-1. In accordance with one
aspect of the invention, both the plug 18 and the Metal-2 layer 16 are formed by .
depositing a texture control Ti layer 24 under conditions which yield a
15 predetermined orientation in subsequently deposited Al-based layers. More
specifically, the texture control Ti layer 24 should be deposited under conditions
which produce a close-packed Ti layer having essentially a basal plane (002)
orientation. This basal plane of Ti has the same atomic configuration as the (111)
plane of Al-based layers, which thereby induces Al-based layers to have essentially a |
20 <111> orientation when deposited on such a Ti layer. -
| After the Ti texture control layer 24 is deposited, a plurality of Al-based
sublayers are sequentizilly deposited, each under different deposition conditions
which result in grain boundary diffusion, recrystallization and grain growth. For
example, the sublayers may be deposited at different deposition rates and under
25 conditions which produce a plug 18 having essentially a <111> orientation and
having a single grain or at most three grains. Although the ability to form a plug
with as little as a single grain is determined by the inventive fabrication process, the
maximum size of the grain(s) is determined by the dimensions of the plug (or of the
via in which it is formed). In general, fewer grains means fewer grain boundaries
30 which, in turn, means fewer defects and, hence, better electromigration
characteristics and less stress-induced voiding. Thus, a single grain is optimum in
_this regard, but two or three grains still provide excellent performance.
FIGS. 2-6 illustrate the sequential steps in the fabrication of such an
interconnect. In this example, the plug 18 and the laterally extending field portions
35 are deposited initially as three sublayers. However, the invention is not limited in
scope to three sublayers; more than three (e.g., four sublayers or more) are also



-4 - portion of an IC 10 which includes a conposite Metal-1 | ayer 12

on Si body 14. For exanpl e, body 14 may conprise a wafer or substrate
with or without a Si epitaxial | ayer and typically with silicon oxide

i sol ation regions separating devices and/$« devi ce regions as described
above, but not shown. Thus, although the following 5 description relates
to i nterconnec.&% bet ween I\/bt al-1 and Metal -2, the invention is al so
appl i cabl e t 8" rlﬁiect i ons between Metal -1 and seni conduct or device regions,

or between Metal -2 anbh the §ollowihg ilhistrativeadescription, it willbeassumed tGatnall metabg
with the des e c FIG 1
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texture control Ti er.24 un r con (15 S %}/I eld a é ;
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speci fical | yjs dépesitezkonithe bottotnrantd sidewlally of via4l 9sdndwindhd pdxfpnidetlayer@ider

cond o0 g S 0l 550N 60 ) BNERGPRY TG °

basal pl ane 8‘88
atomi ¢ confi @Jgaﬂi)cﬁanasd omaxe(sumqe of the placasd aoefra¢totyametal nitrider(e,g..FiN) h

thereby I nduggsned orthe $éfractor§ nietAPDBFOSRidtSoTYakrié hyer 22 typically takes place at
a substrate or wafer temperature in the range of about 25-400°C. Next, as shown in
FIG. 3, a thin ( 5250:3. ) texture control Ti layer 24 is deposited on barrier layer 22,
15 under conditions which produce a close-packed structure with essentially a basal
‘plane (002) orientation. Thus, layer 24 is deposited at a substrate or wafer
temperature in the range of about 25-400°C; preferably at a cold temperature of
<100°C (50°C has been found to be suitable). During subsequent deposition of Al-
based metals in via 19, a layer of Ti-aluminide is formed at the interface between
20 layer 24 and the first deposited Al-based layer. The texture of the Al-based metals
has essentially a <111> orientation, and the plug 18 ultimately formed comprises a
single grain (or at most three) Layer 24 also improves mechanical and electrical
reliability.
After deposition of layer 24, three Al-based metal sublayers 16.1, 16.2
25 and 16.3 are sequentially deposited as shown in FIGS. 4-6. However, if after
deposition of layer 24 is complete, the substrate or wafer temperature is above about
100°C, then the substrate or wafer should be cooled before the deposition of the first
sublayer 16.1.
. The sublayers comprise Al-based metals such as Al-based alloys.
30 Suitable alloys include Al-Cu, Al-Si-Cu, Al-Sc, Al-Ge, Al-Sc-X, Al-Ge-X (where
=Si and/or Cu), Al-Pd-Nb, Al-Pd-Mg, Al-Hf-Ti, etc. The composition of the AlCu
or AlSiCu alloys may comprise about 0.05-5.0% Cu by weight and 0.05-5.0% Si by
weight, and typically 0.5-2.0% Cu and 0.5-1.5% Si by weight.
The first sublayer 16.1, shown in FIG. 4, is relatively thin and serves as
35 anucleation layer for deposition of the second sublayer. Sublayer 16.1 has a
relatively small average grain size (e.g., 525003 , typically 1000-1700 K) which is
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20 <111> orientation when deposited on such a Ti |ayer.

After the Ti texture control layer 24 is deposited, a plurality of Al -based
sublayers are sequentially deposited, each under different deposition

condi ti ons which result in grain boundary diffusion, recrystallization
and grain growh. For exanpl e, the sublayers nmay be deposited at
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'( gvgnt ' ?gludr Ss Jf 'a?léﬁtg(rﬁﬂlﬂbmc (gpkﬁﬂf’%@-goé‘*ﬁ ?enﬁﬂﬁlu?%?f %ubl%ﬁéi‘ﬁn three
A depos1te3 at a much ower deposmon rate (e.g., about 10 to 30 Alsec.) and at a much
lower power (e.g., 0.5-1.5 kW) than sublayer 16.1. During the deposition of sublayer
16.2, the previously-mentioned Ti-aluminide compound forms, typically at a
temperature of about 300-350°C, at the interface between sublayer 16.1 and Ti layer
15 24. Depending on the relative thicknesses of the Ti layer 24 and the sublayer 16.1,
the former may or may not be totally converted to Ti-aluminide. If not, a portion of
Ti layer 24 remains in the plug when the IC is completed. In addition, during this
step the deposited metal (M) flows into the vias (FIG. 5) typically to a thickness
which is about 50-70% of the total thickness of the three sublayers (or of the Metal-2
20 layer 16).

=9

At the end of its deposmon, the third sublayer 16.3, shown in FIG. 6,
has a relatively large average grain size (e.g., 2500-10 OOOA), depending on the
dimensions of the plug. This characteristic is achieved by deposition at the peak
temperature of the ramp up used in the previous step (e.g., at 460~500°C).

25 IMustratively, sublayer 16.3 is also deposited at the relatively high deposition rates
used for first sublayer 16.1. Importantly, during this step, the microstructure of the
plug 18 adjusts itself so that the plug comprises only a single large size grain or at

~ most three large sized grains. Moreover, the texture of the plug has essentially a
<111> orientation. , _

30 ~ As mentioned previously, the maximum grain size is determined by the
dimensions of the plug. For example, a plug which is 8000A high and 8000A wide
may contain a single grain of 8000A size or two grains each of 8000x4000A size.

The ability of the invention to realize a plug which comprises a single
<111>-oriented grain (or at the most three) enables the via to be filled, as shown in

35 FIG. 7, without the attendant prior art problems of pinch off, overhang, voids, etc., as
well as with improved electromigration properties and reduced stress-induced
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- 5- sui t abl e. In the followng illustrative
description, it will be assuned that all netal | ayers are deposited by
sputtering, although the invention is not limted to this - - technique
(e.g., evaporation nay al so be suitable)-7in addition, the process is 5
conveniently carried out in a state-of-the art cluster tool or machine with
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texture of t Hepresent agglgpaég@ 9f the principles of the invention. Numerous and varied other
arrangements can be devised in accordance with these principles by those skilled in
15 the art without departing from the spirit and scope of the invention. In particular,
although the principles of the invention are described in terms of forming

interconnects and filling openings, they are equally applicable to covering steps and

forming metal layers in general.
In addition, the sublayer deposition steps may be undertaken in the same
20 deposition chamber by keeping the wafer or substrate heater off during the
deposition of the first sublayer, turning it on at the beginning of the deposition of the
second sublayer and leaving it on until all sublayer depositions are complete.
Forming the plug in this manner allows multiple chamber processing in the cluster
machine or tool because two or more chambers can be used for parallel processing of
25 the sublayer deposition, thereby increasing throughput. Furthermore, the second
sublayer may be deposited at an initial temperature which is less than, equal to, or
greater than the deposition temperature of the first sublayer.
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2. The integrated circuit (10) of claim 1 further including a Ti layer (24),
10 said aluminide layer being disposed on said Ti layer (24).

3. The integrated cir;:uit (10) of claim 2 wherein said Ti layer (24) has a
close-packed structure with essentially a (002) basal plane orientation.

4. The int_egrated circuit (10) of claim 3 wherein said Ti layer (24) is
disposed on a TiN layer disposed on a second Ti layer. '

15 S. A method of fabricating an integrated circuit (10) which includes a
composite metal layer(16), characterized in that said metal layer (16) is formed by
the steps of:

depositing a texture control Ti layer at a first temperature so that said Ti
layer (24) has essentially a (002) basal plane orientation and subsequently deposited

20 Al-based layers (16.1, 16.2, 16.3) have essentially a <111> orientation,

depositing an Al-based first sublayer (16.1) at a second temperature on
said Ti layer (24), |

while i mcreasmg the temperature from a third temperature to a peak
temperature greater than said second temperature, depositing an Al-based second

25 sublayer (16.2) on said first sublayer (16.1) so that a Ti-aluminide layer forms at
least at the interface between said Ti layer (24) and said first sublayer (16.1), and so
that, at the end of its deposition, the average grain size of said second sublayer (16.2)
is greater than that of said first sublayer (16.1), and

at said peak temperature depositing an Al-based third sublayer (16.3) on

30 said second sublayer (16.2) so the microstructure of said sublayers (16.1, 16.2, 16.3)

adjusts itself to produce at most three grains.
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- 6- achi eved by deposition at a cold. substrate or wafer tenperature

of about 50- 100[err]C Il1lTustratively, deposition al ;OTH%@‘&@J ALE pREN
a relatively high deposition rate and at hi gh power (¢.g., HL s k¥¥hand
about 160 to 190 A/sec.). The typical thicBness of SU‘LQ-V-P—!‘——:I-F'—-?——A:&”——W'

“about 30-50% of the total thickness of the thrée subl ayers

At the end of its depgsi d subl a

has a nuch | arger ave(r&ag}teﬂeaﬁ%ﬂ‘é&&@% é‘ﬁ*‘éﬂﬁr‘égé‘? a_.ygr@ﬁﬁ,%é]pe ‘ﬁ"%ﬁbout
2-3 tines TiNalayen formoed oh h sedond(Tivayley. about 2500 - 8000A, dependi ng on
t he di nensions of the pl ug. Subl ayer 16.2 is deposited while the

substrate or wafer tenperature is ranped up fromthe deposition
tenperature of subl aydr The.method of glaiak S mehepin aaid fiestitempératutedduringnge of

about 400- 500[&@51150.65?941&%i@&eﬂ@ﬁ)ﬁ%[tgéfahgehfg#rbﬂﬁfa 288G C R}

16.2 is deposjted at arruc | ower Oto
30 A/sec.) andesendiemperature during deposiipnaf spid fiyst sublagen(1 ll)wlntth%lrﬂﬂsgbfayer

%_6 1I Dur i gg tdpprodimaely 5OA IM°C§lsbid&Hiid temperatik&cﬁmnkflﬁ‘e Efﬁ‘éitﬁﬂ%fﬁ%lﬁe?t i oned
i -al uni ni de cQpo : er.at U ou

300- 350[ err] cser? #ﬁ’i‘g’lﬁyﬁ{ @i@d%féﬁ%&\%é ‘?6151‘%{9‘&10@661) angd sgidjpeak sgraperatyre o4
Dependi ng on tdueingshadépositioniof said thied sutflayen ¢1603) ik fry the ragecstthpploimatelyay er

16. 1, the4600r oMY OF nay not be totally converted to Ti-al um nide.
If not, a portion O ) Ti layer 24 remains in the plug when the ICis
conpleted. In addition, during this step the deposited netal (M flows

nto the vigs (FIG Sk, taigdhidof daits § icleas dﬁrstfumfgy&m ) el 70%

of the total thickness of the, three su | ayers (or qo ayer

16) . to have an aveggge; graingsizs Qhrless taanaboyt 23004k saidrsecand suhlamalg@r
16. 3, shown ids Hé;ﬁsxt@d to have an average grain size in the range of about 2500-8000 A and

said third sublayer (16 3) is deposited to have an average grain size in the range of
about 2500- 10, 000A.

15 | 9. The method of claim 5 wherein said aluminide layer is formed under
conditions which consume the entirety of said texture control Ti layer (24).

10. The method of claim 5 wherein said aluminide layer is formed under
conditions which consume only a portion of said texture control Ti layer (24).
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has a relatively | arge average grain size (e.g., 2500-10,
di nensi ons of the plug. This charac
tenperature of theg
.25 Illustrat

dependi ng on the
acthi eved by deposition at the peak
the previous step (e.g., at 460-500[err].QQ

A-A-F.

O
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16.3 is al so deposited at the relatively high deposition rates

of the  pl uy METAT LaERS Eifievip A A COMBOSPIE DR STB.LAYIRS

AND DEVEGES INCJUBING SAME ns.

| arge size grain or at

~texture of th I has essentially a
As nenti oned §k§§g§hsly, the maximumgrain size is determ ned by the

<111> orientation. 30

- di mensi ons of the pl udnafintegrtedpirevit 61Q)| anopening{eigs vénooyindow) i Glledand

8000[err] i dﬁ% S‘F &1-{[13}%?@8&?16} vhich RS &seHtAly a%l égg%ﬂ

each of 8000x

Ity of t

2

nvention

to realize a imestiree BrainsFeseehasacisristiceare achieved by fisst depasking gr@rey (or
at the nost t&4eR) TERGE! @3) EIRwWeddyldR 18t thidel Atdbased sutlayurs (16. 13362 §6.3.,
wi t hout the attendant “priaqr artggéoblens of |n§H @ff
etc., as - Thegrinsizesand depositionconditions ags cqptrolied in
st r ess- i nducegeposition of the third sublayer (16.3), the microstructure of the plug (16) adjusts7-

10 itself to produce a single grain (or at most three).
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voi di ng. Because of the presence of a single grain (or at nost three) in

the plug area, FIG 7 does not depict the various sublayers of Mtal-2
| ayer 16. I n addi tion, our TEMinvestigations have al so
uncover ed the presence of ~small material islands (of the order of 10
[err] in size) at the interface between F subl ayers 16.1 and 16.2, before
t he deposition of sublayer 16.3. The Iike[& conpoffj tion of the islands
conpri.ses jmgtkgcon xi de, an al um num oxi de or a —sol ut e-beari ng

preci pi t at Lum fum (e ouAl2) W have found that these

I sl ands may desirably inhi g ' ' t e grain
boundari es of the Al - t gxture),
and/ or prevent void |inkagg N ' : ug, .device
lifetinmes are increased. \ ' t a6 the
above-descri bed arrangenent ' ) ny
possi bl e specific enbodi ne ' ent
application of the prqu4Q o\ ed ot her
arrangenments can be devi sep\N _ ' y those
skilled in 15 the art wt F ' p e of the
invention. In particular, (2/7Z1% ' D Tdyention are
described in ternms of Qp 0/ éﬂt ' 4‘}( 0pthi ngs, they
are equally applicable To & g, rsin
general . - ¥ A A sV teps may
be undertaken in the sane 4 NN o, M5 fer or
substrate heater off duri ' er,
turning it on at the begi n®; ' n

subl ayer and leaving it on ' ete.
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Formng the plug in this manner allows nultiple chanber processing in the

cluster

t hr oughput .

8

1. An

and second | ayers, 3

and second |l ayers to one

sai d interconnect conpri
di sposed on said al um ni
three 7 grains and havi

machi ne or tool because two or nore chanbers can be used for

paral | el processing of 25 the subl ayer deposition,

Furt her nore,

initial tenperature which is |ess than,

deposition tenpe
I

t her eby i ncreasing

t he second glayer-nay be deposited at an
32 | to, or greater than the
e of;the first sublayer
integrated circuit conprising 2 first
P 7777777 Tt er connect '(jjm rst
\\ racterizeg
' \<§Q$ i de | ayer 4 Lfljer 6
Eﬁ;%&\ﬂ\ | - based | 4 PH at  nost
' a <111> ori J
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1 2. The integrated circuit of claiml1 further including a Ti -
| ayer, said 2 aluninide |ayer being disposed on said Ti layer. 1

3 The integrated circuit .of claim2 wherein said Ti |layer has a close- 2
packed structure with essentially a (002) basal plane orientation. 1

4. The integrated circuit of claim1l wherein the. size of each of said at 2
nost three grains is in the range of ap ximately 2500- 10, OOO[err] 1
5. The integrated circuit of claim4 wher®i'n said interconnect includes a 2
via and said size of said grains is determ ned by the dinensions of said
via. 1 6 The integrated circuit of any one of clainms 1 to 5
wherein both said 2 first and second | ayers conprise netals. 1

7.. The integrated circuit of any one of clains 1 to 5 wherein one of said 2
| ayers conprises nmeal and the other conprises senm conductor.

8 An integrated circuit conprising 2 a silicon body. 3

active device rﬁgions di sposed in said body.

G. 5

///‘-—1 6.2

SSSSSSSSSY_ 6.

/
%

N

SONNNNNNN

//////// .

\C\\QC\\QC\\O\‘
VIO IS
YA I IO IIIIIY

\\\\\\\
/////// /

\\\\\\\\ .

/////////////////




4 an Al-alloy first layer |ocated at first level in enL£L:E:ﬂ
circuit and in contact 5 with at | east one of said deViceLFﬁgé@@@ETﬁﬁﬁ;BEEN_h
an Al -alloy second |layer located at a second level in saifl cirogfLadED I
insul ative | ayers separating said first and second | ayer sittrem-ere—another—
8 nd separating said device regions fro aid first |ayer.
oL 9 n i rconnect cogz I Si ng pl ug portion connecting
at Ieast o) sgid 10 first and cond | ay to anot her or
ctingpzalgd fﬁst I : ' r,4I gr_

b th said plug portio ' ' @

suI ive |ayer, charac ' fges. 13

conposite Iayer conpr i A ; i Iqﬁgr of
14 Ti N th ebet ween. a ai d"“secon d
Ti la y : 15 ' ¥4al um ni d
| aye aid alloy |ayer 16.1
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16 conprising at nost three gr ai ns and havi ng essenti al | yrga—<-l=f

ety

o ST e

*T i
of i entati on. 1 . 9. The integrated circuit [pREOHAFM %Wgr é:lin!‘
sai d second Ti layer has a 2 cl ose- packed structure wt essenﬁlfjalMAR 1096 h.
(002) basal plane orientation. 1 -10- 10. A net hodf fabr;]'_'ﬁ;é;f;Llifgi'
an integrated circuit which includes a- 2 conposite netaf Tayer.

Gopost  1n ot v MEEMSFAYHRS FORD A5 COVRROSITE Bl iRE xS ¢

tenmperature 5 so that subaANDDEVICESINCLUDINGSAM® | ayers have :

essential ly < 11t> orientation. 6 _ depositing a relatively
smal | . avera&lﬁéﬂﬁ-’ n sirze. Al -based first subl ayer 7 at a relatively cold
second tenperature onIrsaimtﬁ;raﬂedyhfcult(l(}), an opening (e.g., viaor windowgriefikedig t he

tenperaturg f IPKES t [ peak
terrperaturg v@%@ﬂ%ﬁ%ﬁgﬁ@ase second thl 811>%n@n&1§9%§c$hﬁﬂge
subl ayer so tahmosatmemam dihgse m;werisacsmreaaphieeeéby first dppositinga fextuse
between sai d chiped) %gymaygb@ngﬁgg%fméh%m%mm s L1, 1812,188 gend

of its dep05|t|on second ayer I's. great
than that of Twigraip;sizes aéd gepgsition ¢oRditions are controlled in SuCBta way ﬂlab %Hkng
tenperature GRBesitibn Btk thitd s&lﬂﬁﬁ‘i‘ (16131, thesmirastaict2® of tHeblig (

subl ayer so the, _m crostruc u subl ayers adj usts itsel to rod'uce
at 15yrmstl tﬁﬁggt@pgqqilgeasmgegrmn (%ratmosttkre% J p

Figure 6



‘11, The et h d of claim10 whe d T | ayer | 5 |
fhaYe a t! e-pa kld st ;nucture nd | IIyy (bgz?egoé 'Eﬂe%%a P Suige? |
'-o ien a |on Cl2 Th of claiml i - '
- tenmper ring tion of me m‘%j ayer |;n|1 ;‘aneé e'r;':él Esgﬁf&_ﬁq_ﬁ__sﬂ
pp "BJ?J%;50 ﬁaloo[ ]C 1 13, The nethod of claim10 -
o(a b|) y S ang ; \ ' f53 o
' 1 14 ( ' '
s dep ed 2 while in - _ ' ?g?'ayer
|00[ ]C to about 400 . /._— :
_ | 2 Z
| o - —16.1
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i ; 15. The nmethod of claim 10 wherein said first

deposited so as 2 to have an average grain size of |ess thdtEFABGEMENT SHEET

2500[err]. 1 16. The nethod of claim 10 whigrein sgiﬂld,f\@@c%jgg
subl ayer is deposited so 2 that, at the_end of its deposi lli¥g --sgid™ " |

Al -based | ayers have an average grain sPze of 3 about 250078060 [é&rr]. T
17. The method of claim 10 wherein said third sublayer is deposited at a 2
tenperature of about 460 - 500[err] C and so that said mcrostructure
adjusts i€lMmmito 3 have at nost three grains of size in the range of

about 2500-y 10. 000[ er 4] -An thegraced circuit comBrisihR€ Method of claim 17
I ncl udi ng Lgrm’ ng saig pl ug p?(;.rttliglrﬁcuiln °a étll}‘a g and wherein said grain size

i s deternmined by the dfffsdd ¥RGlaYSEhd via. 1 - 19. The met hod
of any one Df clai s 1gn intertSadedt tdimectinifLid ficst anddetdndlaidtato 6@é shother

subl ayers aje deposited.by sputtering. 1 20. The nethod of any
one of clai C%M%éf%i n said first and 2 second subl ayers are
deposi ted ufider condi t sxidinterdcotnecthcampailesi sTraldminide [dyerand antAldasédlayer

i nterface ther : <o ALK : ' erein
said islande C&;M@Pgaﬁd g(ulmdxéxdgflayer. said Al-bh0sy m%ﬁéﬂrﬂhﬁm
7 grains and having essentially 2 <111> odientation.

1 2. The integrated circuit of claim 1 further including 2 Ti layer, said
2 aluminide layer being disposed on said Ti layer. '

1 3. The integrated circuit of claim 2 wherein said Tt layer has & close- .
-2 packed structure with essentially a (002) basal plane orientation.

1 ' 4.mhmgamdckcuitofcmmlwhemﬁ!dmﬁuofmofﬁidn
2 moadneegninsisinmenngeofappmximateiyzsoo-lo.oml '

et

§. The integrated circuit of claim 4 wherein said inizrconnect includes &
2 via and said size of said grains is determined by the dimensions of said via. '

6. The integrated circuit of any one of claims | to S wherein both said
first and second layers comprise metals.

(38 I

1 7. The integrated circuit of any one of claims { to 5 wherein one of said
layers comprises metal and the other comprises semiconductor.

8. An inwegrated circuit comprising

a silicon body.

active device regions disposed in said body,

an Al-alloy first layer located at a first level in said circuit and in contact
with at least one of said device regions,

an Al-alloy second layer located at a second level in said circuit,

insulative layers separating said first and second layers (rom one another-
and separating said device regions from said first layer, -
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2 alumnumor silicon or a solute-bearing precipitate of AT TOm ~ 1= """

22. The nmethod of clam 10 wherein said al um nide |ayer is fdfedEMHdefHEET
condi tions which consume the entirety of said texture contflol Ti IZayexyg 1997
23. The method of claim 10 wherein saidsgal um nide |ayer is{fgifred 2 under ="

conditions which consune only a portion of said texture conftrol Ti Tayer.
1 24. A method of fabricating an integrated circuit conprising
the steps of 2 providing a silicon body which includes active device
regions. : - (b i
9 an interconnect comprising a plug partion connecting at least dne af said

10 6irsX and second layers w0 one another or connecting said first laye- and a device
Il region 0 one another. oc both, said plug portion locazed in a via which extends
12 through an insulative layer, characterized in tha: said plug portion comprises:

13 a composite layer comprising £rst and secand layers of Ti and a layer of
14 TiN therebetween, a layer of Ti-aluminide layer disposed on said second Ti layer,
15 an Al-alloy layer disposed on said Ti-aluminide layer, said alloy layer

16 comprising at most three grains and having essendally a <111> orieatation.

1 9. The integrated circuit of claim 8 wherein said second Ti layer has a
2 close-packed soucture with essentially a (002) basal plane orientation.

10. A method of fabricating an integrated circuit which includes a
coruposite metal layer, charactarized in that said metal {ayer is formed by the staps
of: ' : :

depositing a texture contol Ti layer at a relatively cold first temperature
so that subsequently deposited Al-based layers have essentially a <1 11> orientation,
depositing a relatively small, average grain size, Al-based first sublayer
at a relatively cold second temperature oa said 11 layer,
_ while increasing the temperature from below said secand temperature to
a predetermined peak temperature, depositing an Al-based second sublayer on said
first sublayer so that a Ti-aluminide layer forms at least at the interface between said-
Ti layér and said first sublayer, and so that, at the end of its depositon. the grain size
of said second sublayer is greater than that of said first sublayer, and
' at said peak temperature depositing an Al-based third sublayer on said
second sublayer so the microstructure of said sublayers adjusts itself to produce at
most three grains.

‘N 00~ h WA AW N e
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11. The method of claim 10 wherein said Ti layer is depasited so as to
2 have a close-packed structure and essentially a (002) basal plane orientation.

{ 12. The method of claim (! wherein said ficst temperature during
2 deposition of said Ti layer is in the range of approximately 50 - 100°C.

{ 13; The method of claim (0 whereia said second temperature during -
2 deposition of said first sublayer is in the rnge uf approximawly 50 - 100°C,



3 : formng an Al-alloy first layer at a firstdevel in said

circuit and in 4 contact wth at |east one of said devic ﬂ'tggl';‘@rt§“55<‘;§rr-—
formng an Al -all oy second | ayer at a second level in sai@d ci rcusé
form ng insulative |layers separating said first and seconfl g-ayer iréﬂﬁ 7997

one anot her and separating said first layer from said deviece-teg-oasS-—--&

form ng an interconnect conprising a plu rtion connecting at | east 9 one
of said first and second | ayers or connecting said first |layer and a device
region. 10 or both characterized in that said plug portion is fornmed by

the steps of: 11 . sputtering a first Ti layer and a TiN |ayer
t hereon, M2 4. The asthod of claim l & wheminsaidsacpad sablayesjsdepositehi d” Ti N

| ayer so 1zha»mamra.amgcmaumpermwrmmlwcabe@zemack{acibamrmwm°@_nd
essentially a (002) basal plane 14 orientation. 15 sputtering an

Al -alloy first sublayer on said control |layer at a 16 +tenperature in the
range of &bout 50 - 1S)0Thke mpiodaf chith IQavherkin said Ausbiublsyer ivdepasiled so as

rel ativel slgg,h enr rr] and so that
subsequen?l y p03| ?ggﬂ%%%gmﬁpg B’b‘k {P@L@% essentially a <l 11 >
orientation, sputterl ng an Al -alloy second subl ayer on -
said firsqg subl ayer M'mhbﬂloa(&fcfaﬁﬂﬁﬁr %Eﬁi Q‘éb{%@fﬁﬂ?ﬁﬁc‘? %01 {&(}4 ess
th b 100 Ct bout 0- 500

| a;‘ or 1 8?1&5 ngl 'é’]&m&fo 31#?#9?&?8% ée!é »ve‘:i%e ARYers kaveanavarage graigsizeef and
said firss Alboat2590-8000 Aver and so that, at the end of the deposition of
said 23 second sublayer, said Al -alloy Iayers have a rel atively | arger

average grain size of 24 about 2500-8000[err]: and 25
sputternglan Al -al | di7.tThe sethodlofighimd0 whereinsaidohitdsublagstcis daposited at a

2 temperature of about 460 - 500°C and so that said microstructure adjusts itseif to
3 have at most three grains of size in the range of about 2500 - 10,000 A.

1 18. The method of claim 17 including forming said plug portion in a via
2 and wherein said gmin.size is determined by the dimensions of said via.

1 - 19. The method of any one of claims 10 to 18 further charactenzed in
2 that said sublayers are deposited by sputtering.

1 20. The method of any one of claims 19 to 18 wherein said first and .
2 second sublayers are deposited under conditions that material islands are formed at
3 the interface therebetwseen.

1 21. The method of claim 20 wherein said islands comprise an oxide of
2 aluminum or silicon or a solute-bearing precipitate of aluminum.

1 22. The method of claim 10 wherein said aluminide layer i$ formed
2 under conditions which consume the entirety of said texture: control Ti layer.

1 23. The method of claim 10 wherein said aluminide layer is formed
2 under conditions which consume nuly a portion of said texture control Ti layer. |

1 24. A method qt’- fabricating an integrated circuit comprising the steps of .
2 providing a silicon body which includes active device regions,



26 tenperature of about 460 - 500[err]C so that the m'cr(?%um‘fure of sai d

subl ayers adjust 27 thenselves to at m)st three grains of, SEZEAd thgng -
range of about 2500- 10.000[err]. _ ’ -

XHb)

forming an Al-alloy first layer at a first level in said circnit and in
contact with at least one of said device reginns,

forming an Al-alloy second layer at a second level in said circuit,

forming insulative layers separadng said first and second layers from
one another and separating said first layer from said device regions,

" forming an interconnect comprising a plug portion connecting at least
one of said first and second layers or connecting said first layer and a device region,
10 or both, characterized in that said plug poruon is formed by the steps of:

11 sputtering a first Ti layer and a TiN layer thereon,

12 sputtering a texture control Ti layer on said TiN layer so that said

13 control layer has a close-packed structure and essentially a (002) basal plane

14 orientation, o

(s * sputtering an Al-alloy first sublayer on said control layer at a

16 temperature in the range of about 50 - 100°C so that said (irst sublayer has a

{7 relatively small average grain size of 525004& and so that subsequently deposited
18 Al-alloy sublayers have essentially a <11 (> orientation,

19 sputtering an Al-alloy second sublayer on said first sublayer while the

20 temperature is being increased from less than about 100°C to about 400 — 500°C so

- that a Ti-aluminide layer forms at leas at the intcrface between said second Ti layer
and said first Al-alloy sublayer and so that, at the end of the deposition of said
second sublayer, saxd Al-alloy layers have a relatively larger average grain size of

24  about 2500~ 8000A and

25 souttcnng an Al-alloy third sublayer on saxd second sublayerat a

26 temperature of about 460 — 500°C so that the microstructure of said sublayers adjust

27 themselves to at most three grains of size in the range of about 2500 - 10,000A.
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