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ALLOY s BACKGROUND OF THE INVENTION In the field of integrated cit uitaélc%
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circuit elenments within the 1C silicon, the netallization also has a direct
i pact on attainable device ) AldyQYand | eakage current,
making IC netallization a critical area of study. As an exanple, the
nmetallization of an I C influences the density of nobile is inpurities
within the silicon and dielectric layers that surround the

i nterconnections. For exanple, researchers have identified several
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capabl e of trapping various nobile inpurities in the silicon and
dielectric layers of an IC. Cenerally speaking, gettering is a desirable
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performance, reliability, and processing yield, anong others. In ‘general,
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As an example, the metallization of an IC influences the density of mobile

- 15  impurities within the silicon and dielectric layers that surround the interconnections.
For example, researchers have identified several metallic substances that are useful as
- “gettering” materials, which are capable of trapping various mobile impurities in the
silicon and dielectric layers of an IC. Generally speaking, gettering is a desirable
process within an integrated circuit, mitigating the effects of mobile impurities that
20  are commonly introduced during the IC fabrication process. The effects of such
impurities include decreased device performance, reliability, and processing yield,
among others. In general, gettering reduces these effects by restricting the movement
of the mobile impurities, thus improving overall IC performance.
However, some cases exist in which too much gettering is possible; in other
25 words, the presence of some particular types of mobile impurities, in moderate
- quantities, are actually beneficial to the performance of an integrated circuit. For
example, it has been shown in the art that tltamum is beneficial as a component of IC
metallization for several reasons. As a gettering substance, titanium traps water,
hydrogen, and oxygen, thus allowing these substances to be absorbed readily from
30  within the silicon and dielectric layers of an IC. The gettering properties of titanium



hydr ogen, and oxygen, thus allow ng these substances to be absorbed readily

from30 within the silicon and dielectric layers of an IC. The i
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Marwi ck, A.D., et al., "Hydrogen redistribution and gettering in Al CulTi
thin filnms" in Journal of Applied Physics, Vol. 69, No. 11, 1 June 1991,
pp. 7921-23, and Yoshimaru, M, et al., -2Deoxidation of Water Desorbed
from APCVD TECS-03 Si Q2 by Titanium Cap Layer"™ in Proceedings of the 1995 5
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the devi cetrubtdithidiectdwithin sitddaNYy KdMdawy with the defect sites, thus causing the IC
to function more efficiently. In that case, substantial gettering of hydrogen and
oXygen may actually be a detriment to the performance characteristics of the IC,
resulting in increased leakage current and other impediments to optimal device
15  performance.

Therefore, in many cases it would be advantageous to construct a
metallization structure that utilizes the positive qualities of titanium, such as
mitigation of electromigration effects and low contact tesistance, while at the same
time restricting the gettering effect of the titanium so that water, hydrogen, and

20 oxygen will be available to passivate structural defects in the silicon layer of the

device.

SUMMARY OF THE INVENTION
25
Specific embodiments according to the present invention, to be described
herein, provide a useful way for titanium to be utilized in a metallization structure of
an integrated circuit. The proposed structure takes advantage of the desirable

electromigration and contact resistance properties of the titaninm, while at the same



Speci fic enbodi ments according to the present invention, to be described
herein, provide a useful way for titaniumto be utilized in a netallization
structure of an integrated circuit. The proposed structure tak équﬁ?%ﬁé
of the desirable electromi gration and contact resistance properties of the
titanium while at the same 28/ 07/2005 -3- tine [imting its gettering
capabilities. Consequently, a sufficient3anount of nobile inpurities, such
as water (and the hydrogen and oxygen it conprises), are then available to
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Another embodiment of the invention describes a metallization structure as it

15  resides on a preexisting layer of the IC after the fabrication of the IC. A layer of
titanium resides on the preexisting layer. A layer of aluminum then resides on top of
the titanium, with the titanium layer being at least partially alloyed with the aluminum
layer. Consequently, the portion of titanium that is alloyed with the aluminum is no
longer available as a gettering species, while still providing the desirable

20 electromigration and contact resistance properties normally associated with titanium.
Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

iltustrating by way of example the principles of the invention.

25

BRIEF DESCRIPTION OF THE DRAWINGS



foll owi ng detail ed description, taken in conjunction with the acconpanyi ng
drawings, illustrating by way of exanple the principles of theréézggt/'zg(g
25 BRI EF DESCRI PTI ON OF THE DRAW NGS 28/ 07/ 2005 -4- FIG | is a i ZQ@45
cross-sectional view of an integrated circuit netallization structure
according to an enbodi nent of the invention after deposition of the netal
layers. FIG 2 is an idealized cross-secfional view of an integrated
circuit metallization structure according to an enbodi nent of the

invention after @iGde iﬁaﬁiideaﬁﬁe%li&aﬁstﬁﬂtibﬁ%“ﬂépﬂfinfté?ﬂed Eirgiy 3 |s an

i deal i zed cross-sectional view of an integrated circuit netallization
struct ure astetHbzatignistruamreadsoring it amémbédimenyefithe nveafibe aftéd depbsition

anneal i ng. %&gFI%ﬁ 4 is a flowchart of a method of fabricating a
met al | i zat | ShRETPfRY 3¥¥Saccording to an enbodi ment of the invention.
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FIG 1. sThemetalligtion sthuctirrecaccordifgytong @hbcient ofiBe HREARSTPARIrYkidd 4 udi ng,
but not limted to, an application-specific integrated circuit (ASIC), a
ni cr opr ocesRASFIVaLLH kyen deposiionan opt oel ectronic IC, and so on. For 20 the
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10 . 4715 a flow chart of a method of fabricating a metallization structure

according to an embodiment of the invention.

DETAILED DESCRIPTION
15
A cross-sectional view of an integrated circuit during fabrication immediately
after metal layer deposition is shown in FIG. 1. The integrated circuit may be of any
type contemplated, including, but not limited to, an application-specific integrated
circuit (ASIC), a microprocessor, an analog IC, an optoelectronic IC, and so on. For
20  the embodiment of FIG. 1, the structural basis for all layers deposited on the
integrated circuit is a silicon layer 10, which in the general case is a standard silicon
wafer. Silicon layer 10 has a top silicon surface 5, upon which other layers of the IC
are deposited. As is widely known, semiconductor devices (not shown) that make up
the various electronic elements of the integrated circuit reside primarily in or on
25  silicon layer 10. Also shown in FIG. 1 are structural defects 7, which reside at top
silicon surface 5 of silicon layer 10, as well as within silicon layer 10. Structural
defects 7 result from normal wafer fabrication processes. Atop silicon layer 10 is
deposited a first dielectric layer 20, which in most cases is a layer of silicon dioxide.

A metallization structure 30 is then deposited over first dielectric layer 20, which



2.5 silicon layer 10. Also shown in FIG | are structural defects 7, which
reside at top silicon surface 5 of silicon layer 10, as well as,ww,thi
silicon layer 10. Structural defects 7 result from nornal V\/aferzgm/bt}/b005
fabrication processes. Atop silicon layer 10 is deposited a first
dielectric layer 20, which in nost cases is a layer of silicon dioxide. A
metal | ization structure 30 is then deposisted over first dielectric |ayer

20, which 28/07/2005 -5- provides electrical insulation between ,
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made of netal exi,st at efined plages within first dielectric |ayer 20
Lo al Low & CREds EEiSh Aor dikcsdke iF Sammlris oblestiiga coneingeine oL AN
silicon | ay i ' L ' to the
enbodi nent ;ﬁ?adé?)éwelt?l erésttgh) @gﬁégnﬁ %%e'rs(j@?%é ?@W@c‘ﬁn‘g%ﬁ%@"‘%w ree

separ at es netizterdoagestion of theneenticonducior dizpwis compohen Wittia Riliéoh laeenody i s
deposited first on dielectric layer 20, followed by an al um num | ayer 34,
and final | y%ay afynetallization sgwciire 30de | ayer 36. Titaniumnitride |ayer 36 is

oi cct rom or at | on or s to3fe BphORuRaf ORI 1 Sy RidH il P mage ey 1o

aidin pattefmkmsepﬁat@memsrﬂmesmmaeﬁosm. aA ietahiuhl 13gtdi G5 | ayer or
| ayers at all. Still others will use alternate materials, 1'ncluding, but

not |i m t eddepesited fiesh pndialentgelayar 20, followedrby unghutneinumi Inyérdd, anddipatign,
tungsten-nitri .15 tantal u tantalumnnitride, and myl ybdenum _The
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the el ect r SHadging layer erolapers gball Still sithess will wseraltcapate nguerials, ioeludingnwbutds,
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15  tantalum, tantalum-gitride, and molybdenum. The existence of titanium layer 32 as

deposited on dielectric layer 20 provides for improved contact resistance when used
to connect circuit components of silicon layer 10 with metallization structore 30 when
compared with the contact resistance of other metallic substances, such as titanium-
nitride and titanium-tungsten. Also, titanium layer 32 improves the electromigration
20  properties of aluminum layer 34. In other words, aluminum layer 34 develops fewer
cracks in its lattice structure as a result of electrical current through the metal. Such
cracks vltimately can cause open circuit connections within the metallization layers of
an IC.
As stated earlier, titanium also acts as a gettering species by binding with
25 mobile impurities within the integrated circuit, thereby rendering the impurities
ineffective as charge carriers. While this effect is sometimes beneficial within an IC,
there are specific instances when gettering is not desirable. For example, the |
impurities gettered by titanium include water and its constituent elements, hydrogen

and oxygen; in other words, titanium removes water, hydrogen, and oxygen from the



cracks in its lattice structure as a result of electrical current through

the metal. Such <cracks ultimately can cause open circuit connect|
within the netallization layers of an IC. As stated earlier, tfé%ﬁﬁ?rﬁ%ﬂ%

acts as a gettering species by binding with 25 nobile inpurities within
the integrated circuit, thereby rendering the inpurities ineffective as
charge carriers. Wiile this effect is sogetines beneficial within an IC,
there are specific instances when gettering is not desirable. For exanple,
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should generate a m niscule anount of current under dark conditions.
However, the pretuatees examplécifammeantsd leakage oprrentri§ thee”dafk cherest”| dssomintod | |
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I mprove the functionality of the circuit significan I on

structure o8defeets corthi top sufacerbbthiersilidon il dabe: phighenthahrexpeadteddarkpr ovi des
this ability. FIG .2 displ.ays the cross-section of the same portion of the
i nt egr at ed c%qr? U?VP]C% wmﬁg mcﬁcate the presence of light incident on the photodiode when,
in fact, there is none. In situations such as these, passivation of structural defects 7
15 would improve the functionality of the circuit significantly. Metalization structure
30, according to embodiments of the present invention, provides-this ability.
FIG. 2 displays the cross-section of the same portion of the integrated circuit
as shown in FIG. 1, but after a second dielectric layer 40 and a passivation layer 50
have been deposited. Second dielectric layer 40, which typically is silicon dioxide,
20  serves to electrically isolate portions of metallization structure 30 from any
subsequent layers deposited on the IC. Afterwards, passivation layer 50 is added to
provide overall protection to the IC during the remainder of the IC fabrication
process. Passivation layer 50 also acts as a barrier that traps water, hydrogen, and
oxygen within the IC. In the embodiment presented in FIG. 1, FIG. 2, and FIG. 3,
25  only one metallization layer is implemented. However, two or more layers are
formed in the typical integrated circuit. In those embodiments, metallization structure
30 would be utilized for each metallization layer with the IC.
During the deposition and other processing for second dielectric layer 40 and

passivation layer 50, metallization structure 30 is heated sufficiently to cause at least



as shown in FIG 1, but after a second dielectric |ayer 40 and a

passi vation | ayer 50 have been deposited. Second dielectric |a 40,
which typically is silicon dioxide, 20 serves to electrically ?ﬁgﬂg?éZOOS
portions of netallization structure 30 fromany subsequent |ayers deposited
on the IC. Afterwards, passivation layer 50 is added to provide overall
protection to the IC during the remai ndef-of the IC fabrication process.
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may allow thicknesses of greater than 200 angstroms for titanium layer 32 to be
15 . completely alloyed with aluminum layer 34, resulting in the same passivation effects
noted for the above-mentioned optoelectronic IC.

In other embodiments, more gettering may be desirable; under those
circumstances, titanium layer 32 may be made thicker so that only partial alloying of
titanium layer 32 with aluminum layer 34 occurs, thus leaving a portion of titanium

20  layer 32 to remain within metallization structure 30. In such a case, gettering of water
and its constituent elements is gained at the cost of reduced passivation of structural
defects 7 at top silicon surface 5 of silicon layer 10, as well as within silicon Iayer 10.

f*‘IG. 3 is an idealized cross-sectional view of the integrated circﬂit after a final
annealing step has been completed. During final anneal, the IC is heated to a high
.25 temperature, with that temperature being maintainéd for an extended period of time.
The final annealing allows the water, hydrogen, and oxygen within first dielectric
layer 20 and second dielectric layer 40 to diffuse rapidly to silicon layer 10, where
structural defects 7 (of FIG. 2) reside. The hydrogen and oxygen then come in
contact with structural defects 7, bonding with their associated dangling bonds,



may all ow t hi cknesses of greater than 200 angstrons for titaniumlayer 32
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al um num Another embodiment of the invention is a method of constructing a

1s  metaltization structure containing titanium that provides superior contact resistance
and electromigration properties while at the same time allowing water, hydrogen, and
oxygen trapped in the IC to passivate defects on the surface of a silicon wafer. The
steps, shown in FIG. 4, begin with the deposition of a layer of titanium onto a
preexisting layer during the fabrication of an IC (step 400). A layer of aluminum is
20  then deposited over the titanium layer (step 410). In this embodiment, a layer of
titanium-nitride is then deposited over the layer of aluminum (step 420). In other
embodiments, the titanium-nitride layer may be omitted. Also, other materials, such
as those mentioned earlier, may be used as a top cladding layer in place of the
titanium-nitride layer. Thereafter, a heating process is applied to the Ti/Al/TiN
25 metallization stack (step 430), resulting in the titanium layer at least partially alloying
with the aluminum layer. The heating step may be a final anneal, which is a typical
process employed in IC fabrication to help restore previous silicon crystal damage.
However, in other embodiments, other heating processes may be utilized to allow the

alloying of the titanium and aluminum.
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of titani Urcais afunvintedinyresRTeédkagStiitentsn the IChe case of optoel ectronic
ICs, athin titaniumlayer is warranted so that no pure titaniumis

present in the nmetallization stack after the 5 heating process (step 430)
is conpl et ed.




Fromthe foregoing, it wll be apparent that the invention provides a
netallization structure that takes advantage of the el ectrom gr é?B?%Q?
contact resistance properties of titanium while sinultaneouslsi 005
restricting the gettering properties of that nmetal. As a result, the

wat er, hydrogen, and oxygen not gettered 10 by the titaniumare allowed to
passi vate structural defects that would otherwi se cause an unwanted

i ncrease of |eakage current in the IC. 28/07/2005 -10 W claim 1. An
integrated circuit having a netallizat'Pon structure, the netallization
structure éggﬁy ng on a preexisting dielectric |layer of the integrated
circuit, the netallization structure conprising: a layer of titanium
residing on the preexisting layer; and a | ayer of alum numresiding on the
Ia%/ﬁrtﬁf It1i tanhm][megltatua_clr@ﬁﬂévtir@fa nﬁéte{llﬁ&idd{%trmjrél%eaﬁitélliga@h strtﬁ:ﬁﬁ'ei aiegbih_cy al | oyed
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circuit. ) r.at.e il Cui .claim 1 .wherei . r

1 ¢ ant um Pl BRI el B2 sl BRe gl wlfioerdy gl

i nt egr at e€PIEIer Sufor akept 45Imijutas piterigimplion ef thp mefafiiatipmetaistuggfso thebimpeRjies  of

titani um fén thd @RS¢ Rfbr hdvelpesFatel RFucRifal @it withi a&iliBorAa\@P bty TRtegréted The
|ntegrategm§{rCU|t of claim1, further. conprising a |ayer of
titaniumnitride residing on the layer of alum num 5. The integrated
circuit of claiml1, wherein the integrated circuit is an optoel ectronic

i ntegrated cirewirtegfasd dircuitRinedid | Wksn the layer of titanium is completely alloyed with

the layer of aluminum.

3. The integrated circuit of claim. 1, wherein the thickness of the layer of titanium as
deposited is less than or equal to 200 angstroms.

4. The integrated circuit of claim 1, further comprising & layer of titanium-nitride residing on
the layer of aluminum.

5. The integrated circuit of claim 1, wherein the integrated circuit is an optdelectronic
integrated circuit having photodiodes.





