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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
aluminums-silicon (Al-Si) or alunﬁnﬁrﬁ-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 f‘rom 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
200-400 °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
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157 si‘'nplicity, we will hereinafter refer to the electrical connection in
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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, bbdy 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.
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deposttion sequence or i medi ately upon cooling the wafer fromthe
deposition 35 tenperature. The reactd orf i s nost pronounced in netalization
cantai ning Ti-based all oy or conpound layers . This Si precipitation
reaction results in significant surface roughness of the Al -alloy

| ayer free surface, tngceardancerwjtiponeaspestof the invention, the conductor 30
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the l'i t hogr aphy mmﬁm that Bodyi 17 aeprises alsemicondactor Whtdhducledes a
| nterconnect elrlat%%lr lmla@ﬁay such as Si, wiu g%endsqduc gr%te %kodfhe%onductor 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 limi.

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. Tllustratively, 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
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Surmary of the Invention These and ot her problens are
addressed in accordance with one aspest 40 of the invention in which an IC
|ncI udes: an Al -based | ayer which is deposited as a conposite of
subkayers of different conposition Al -based materials. In
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to the figurey, 8;R05b; O dtdd eafhler! te'sHELPEE el 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 — 6000A

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°C. However, suitable ranges
for these processing parameters are about 1-20 kW, about 1-21 mTorr, and about

20 200-400°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 sufnma.ry, the sublayering aspect of the invention allows, on the one
hand, control of problems caused by Si migratioﬂ 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.
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(16) comprising an alloy of A and Sl and depositing a second sublayer (20)

comprising an alloy of Al and essentially no Si.

2. The method of claim 1 wherein said first sublayer (16) is deposited so
10 that the amount of Si therein satisfies the solubility limit of Si.

3. The method of claim 2 wherein said first sublayer (16) is deposited as
an alloy comprising (i) Al and Si or (ii) Al, Cu and Si, and said second sublayer (20)
is deposited as an alloy comprising Al and Cu.

15 .
4. The method of claim 3 wherein said sublayers (16, 20) are deposited
so that said second sublayer (20) is a major portion of the thickness of said Al-based
layer (30).
20 5. The method of claim 4 wherein said integrated circuit includes a Si

body (12), and is further characterized by the steps of:

depositing a first barrier layer (14) between a portion of said body (12)
and said first sublayer (16), and

depositing a second barrier layer (18) between said first and second

25 sublayers (16, 20), '
wherein said first and second barrier layers (14, 18) are deposited as
> materials selected from the group consisting of refractory metals, refractory metal

nitrides and refractory metal alloys or combinations thereof.

30 6. An integrated circuit including:
a semiconductor body (12) in which devices of said circuit are formed,
and
an Al-based layer (30) makihg electrical connections in said circuit,
characterized in that:
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As noted earl i er, however the presence of Si in an Al -based all oy causes
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characteristics. Illustrati Second subla g conprises “an

Al - Cu al 18y wdonhprises emalloy 09(1)161 @nd Sirer ({id10d, €wand Bi, 484 sHd seeondrsublager
enhanced boRfr Aap@eieristics of the Al-Cu alloy, it is
desirabl e tha éﬁ&héeco%ge%w subl ayer 20 conprise a najor portion of the
t hi ckness of conductor 30. These ‘characteristics may be further

inproved by capping 9gcrhdntghdted citcuOofliin § whereimsaid second sublayer (20) is
a major portion of the thickness of said Al-based layer (30).

15
' 10. The integrated circuit of claim 9 further including:
a Si body (12),
a first barrier layer (14) disposed between a portion of said body (12)
and said first sublayer (16), and
20 a second barrier layer (18) disposed between said first and second
sublayers (16, 20),
wherein said first and second barrier layers (14, 18) comprise materials
selected from the groui) consisting of refractory metals, refractory metal nitrides and
refractory metal alloys or combinations thereof.
25
30
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or “bot h. I n general; suitable Al -based alloys for Si ICs
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-4 o~ ' dep05|t|on chanbers. To inprove deposition uniformty across a
waf er s sputtering is preferably performed using planar targets.

This exanple utilized a body 12 conprising a Si 1C wafer contalnlng
device regions (active and/or passive). In a first stepr& H-N-compoSTt
barrier 5 layer 14 was deposited on a major surface of THES BHEST 1 i BifN
wel | known processes. Next a 3000A Hck first sublayer REPLAESED
sputtered as an Al -Si-Cu alloy conprisin about 0. 75% SI” and 0.50% Cu
by wei ght, the renmainder conprising Al. A next step i ncl uded sputter
deposition of a 3000 A thick Al -Cu sublayer 20 directly on subl ayer 16
(the optional barrier layer 18 was omtted in this case). Sublayer 20
contained 10 0.5% Cu with the remainder being Al; it contained no S
intentionally incorporated into the alloy. As noted earlier, the

subl ayers need not have the sane thickness and, I n nost cases, it is
desirable for the second sublayer to be thicker than the first.

Sui t abl e t hi cknesses include 1500 - 3000A for the first sublayer and 3000 -
6000[ err] for the second. The anpbunt of Si in the first sublayer is a
function of the :
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15 'rréss/vol ume of the sublayer. Therefore, those skilled i n the art wll
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: qual Lty firs or \9 ﬂﬁ&&reandln?ﬁc%s an electncal 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, t_hesé 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 sequentiaily 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 preveht 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 solublhty

30 requirements, deposition of Al-Si or Al-Si-Cu on TV/TiN or Ti/TiN/Ti in

conventional apparatus (e.g., a cluster tool) at typical temperatures (e.g., around
200-400 °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 reac_tioh 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
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CLAI V5 1. A nmethod of neking §mr integrated circuit which includes

an Al --based | ayer characterized by the steps of: - providing a Si
body, depositing a first barrier layer on at |east a portion of
sai d body; depositing a first sublayer on said first barrier

~layer, said first sublayer deposited as an alloy conprising Al and Si so
that an ampunt of Si therein satisfies a solubility limt of Si,

. JMULTILAYERED A1-ALLOY STRUCTURE FOR METAL CONDUCTORS

Abstract of the Disclosure |
~ ASiIC includes an Al-based layer (30) which is deposited as a
co?nposite of sublayers of different composition Al-based materials. In one
embodiment a first sublayer (16).comprises an Al-Si-based alloy disposed so as to
5 prevent substantial Si migration into the first sublayer (16), and a second sublayer
(20), above the first (16), comprises an Al-based alloy with substantially no Si to
alleviate precipitation-induced problems.

Figure 1
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depositing a secaond barrier |ayer on.said first sublayer, and

depositing a second subl ayer on said second barrier |ayer, said second
subl ayer deposited as an alloy of Al with essentially no Si,

wherein said first barrier layer, said first sublayer, said second barrier
| ayer, and said second sublayer form a. conductive |ayer, and said second
subl ayer ‘is a major portion of a thickneE;%of sai d conductive | ayer.

2. The nethod of claim 1l wherein said sedond sublayer is deposited as an

all oy conprising Al ‘and Cu. : 3. The nethod of claim2 wherein said
first sublayer is deposited as an alloy conprising A1 and Si or A, Cu and
Si. 4. ~ The nethod of claim2 wherein said first and second

barrier |layers are deposited as materials selected fromthe group
consisting of refractory netals, refractory nmetal nitrides and refractory
metal all oys or conbinations thereof. .

-
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. JTHe wherein said first and second barrier |layers are
depoS| tem M!‘@# JM ected fromthe group consisting of Ti, TiN and
TiWor co 6. A nethod of maki ng an
Lgésgggtnfgi ?1: ;;uh;vfggp;;;: ggsf he steps & formng a fi rsﬁﬁggﬁégﬂgms'la&iﬁ
glnl g; :‘?rst“ W;;Iesnoﬁst?hdf P(r)g%/ barrier |ayer jmptjf tee'[ Ihggt Zﬂperapme@égd
sai d body is maintai ned between about 200 - 400[err]C, the

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 Al 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.



anount st subl ayer being sufficient to satisfy he
sol ubi Imm”m:]mgﬂﬂﬂwn said all oy, formng a se g
| ayer on* sa&i ayer, and sputtering a - ase aﬁggy

second subl ayer containing essentially n® Si on said second MEN ySHEET

wherein said first barrier Iayer said first sublayer, said secpnd barrier
subl ayer s a i orpaeiibd GR il £ FuEeRiFLG, U b Bt pRoon
7. The method of cllbl@vmlﬁ g \WhST Body §@m_ﬁ11{mg devivelrepions, corrpr | ses Al-Si - Cu,
and sai d second subl ayer conprises Al
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 - 400A 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 Al-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.



