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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
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defects in the silicon | ayer of the device.
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



SUMVARY OF THE | NVENTI ON 25 Specific enbodi nents according to the present
invention, to be described herein, provide a useful way for ti t2aé1_z§r,}1/t200(t))g
utilized in a netallization structure of an integrated circuit.9%
proposed structure takes advantage of the desirable electromgration and
contact resistance properties of the titanium while at the same 28/ 07/2005
-3 time limting its gettering capabilitges. Consequently, a sufficient
anount of nobile inpurities, such as water (and the hydrogen and oxygen it
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titaniumis regtricted, 10 thus allow ng nobile inpurities such as water,
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invention describes a metallization structure as it 15 resfdes o
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that is alloyed wwth the alumnumis no
still helps set the structural texture of the aluminum layer, providing low contact
resistance and improved electromigration properties.
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
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10 FIG. 4 is 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
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t ungst en- niaddipg layer or layers at all. Still others will use alternate materials, including, but

not limited to, titanium-tungsten, titanjum-tungsten-nitride, tungsten, tungsten-nitride,
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
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current” a¢fdefeets ou the top surface of the silicon will cause a higher-than-expected dark
current, which would indicate 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
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completed alloyed with aluminum layer 34. However, other manufacturing processes

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,



s titaniumrermaining in netallization structure 30. Such a condition is
desirable in the case of the optoelectronic I C nentioned above. T%?
presence of any pure titaniumin netallization structure 30 wout 9VV5§9Q5
| east some partial gettering of water and the associated hydrogen and
oxygen. As a result, the nunber of nobile inpurities available to

passi vate the defects at top silicon surfgace 5 of silicon |ayer 10 woul d be
10 reduced, and the dark current of the photodi odes woul d i ncrease.

Accor di ng t dhereby sonveetidgstretirabdefects? e phishatddatrusur scefécts $0whidh ¥ not
optoelectronic ]C, titanium]layer 32 wth a thickness of |ess than or

equal to apSPBEIbRE o the dolstesioys effents carliar dtributeshisl strugthrall defigobsd7 widsm

| umi | .gth i |
bt cknesseq faplty Bt SERAL1cfoRe utiBR R clor BpfePhRE I cpek Chrnty ik |
conpl etely addue¥@eingé pissplatidl btk ANRIRAS db iﬁ%%égébg &%%@?P?%ﬁ?%l% -

passivation effects noted for the above-nenti

ot her en®odbeidsrecessaryetoqubvide iargnduwytive attefor lalhgs cutaier Teb®$enducted

ci rcunst ances, ti&%%ni.um | ayer %2 nmay . be nmmde thicker so that onlré parti al
al | oyi ng of "OrPetaiizatn %‘V#ﬂrgﬁ \Htdized p dimahmenling-phage 264 degreestudon eavi ng
a portion o ' b ' it hin netal |l ization ucture
30711 suontught L8 MIEE b tas Seetched S Shbe e e b o

gai ned at tfimalenstaling alsackeeesd DRI TOHPROAIGHing 6f 4260 angl@lopflifinfurdt tOP
silicon surface 5 of silicon layer 10, as well” as within silicon l'ayer 10.
FIG 3 is davsrdadhe casg thatdhe titagium barhpotbeew completaly nHoyegrwitke thecalominum af t er
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in contact™ Cﬂ?{“ﬁ’ﬁ?ﬁ’g’flﬁﬁﬁ?ﬁ%ﬁc gldefecthdnding with their associ at ed
dangling bonds, Gt/ eaMbdiment 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.



-8 thereby converting structural defects 7 to passivated structural defects
8, which do not contribute to the deleterious effects earlier zg%ériﬁu} (g
to structural defects 7. As a result, effects such as | eakage (9 t f 95
for optoelectronic ICs, dark current) are reduced since passivated
structural defects 8 do not possess the dangling chem cal s bonds necessary
to provide a conductive path for | eakagegcurrent. Tests conducted for
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enmbodi ment saudelem dnviaatdduifitrehde’ dfdénkhay QirrdiRin i@ 1M tted. Al so, ot her
materials, such as those nentioned earlier, may be used as a top cl addi ng
| ayer in place of the titaniumnitride |ayer. Thereafter, a heating
process is applied to the Ti/A/TiN 25 netallization stack (step 430),
resulting in the titaniumlayer at |east partially alloying




with the alum numlayer. The heating step may be a final anneal, which is a
typical process enployed in IC fabrication to help restore preg%gyﬁ
silicon crystal damage. However, in other enbodi nents, other h 3/2005
processes may be utilized to allow the alloying of the titanium and

al um num 28/07/2005 -9 The thickness of the titaniumlayer is determ ned
by the needs of the particular application. However, if restriction of the
gettering properties of titaniumis of primary concern, such as in the
case of optoelectronic ICs, a thin tit'8niumlayer is warranted so that no
pure tita.'éﬁ%is present in the nmetallization stack after the s heating
process (step %30) is conpleted. Fromthe foregoing, it wll be apparent

that the invention provides a netallization structure that takes advantage
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e S T Bl b SR P M B BR B Rl B T
titani um are apleyRedtitaninprsidingen the reexistindipgr. alef ect s t hat woul d ot herw se
cause an unwang %%rioﬂﬂtﬁrﬁﬁ&?reﬁﬁip% @ﬁk@-gﬁé&iﬂt&ﬂ{ﬁ, lti{eﬂbyb{t_ﬂtitb@ur{: Bﬁﬁ@aﬁlteaglofh -10 Ve
claim 1. An circujt.having. a al Lizatiopn structur e
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titani um f@sihd dRRcBidiajdi Bave PERNEEE kAGtulANEEcts ARG ailbai)SYer Sfthedhteigrhtedim
residing SEifhe | ayer of titanium the layer of titaniumbeing at |east
partially a?‘oyed with the layer of alum num the integrated circuit being
heated sufficiently at 400 degrees C. for about 45 mnutes after formation
of the nedal | ialnteyfatédt dirtiftlobiEifm 3 Owienan thk RREHOF fithiis is completely afloyed 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.



fromthe dielectric |ayer have passivated structural defects within a
silicon layer of the integrated circuit. 2. The integrated circul f
claim1, wherein the layer of titaniumis conpletely aIoned\M:15}9242005
| ayer of aluminum 3. The integrated circuit of claim1, wherein the

t hi ckness of the layer of titaniumas deposited is |less than or equal to
200 angstrons. 4. The integrated circuit of claim1, further conprising a

| ayer of titaniumnitride residing on the |ayer of alumnum 5. The
integrated circuit of claiml1, wherein tﬁéliﬁtegrated circuit is an
optoelectronic integrated circuit having photodi odes. ABSTRACT OF THE

DI SCLOSURE | NTEGRATED Cl RCUI T METALLI ZATI ON USI NG A Tl TANI UM ALUM NUM
ALLOY An integrated circuit netallization structure (30) using a
titanium al um num alloy, and a nethod to generate such a structure,

provi de redudBSTIRARTWF THIB BISCIHYSURIE owi ng nmobile inmpurities such as

wat er, oxygen, and hydrogen to passivate structural defects in the silicon
| ayer of the IC. A titaniumlayer (32) of the structure is at.|east

partially alloyed wt | W L‘Eﬂ tricting the

ability of the ti tanimﬁéﬁf@wm &ﬁ%&bmé t he various
layers of the IC. Despite thgraNayVPArehviNeM Araypm and al um num the
metallization structure (30) exhibits the superior contact resistance and

el ectrom&Xration properties associated with titanium Figure 3

An infegrated circuit metallization structure (30) using a titanium/aluminum
alloy, and a method to generate such a structure, provide reduced leakage current by
allowing mobile impurities such as water, oxygen, and hydrogen to passivate
structural defects in the silicon Iayer of the IC. A titanium layer (32) of the

10  structure is at least partially alloyed with an aluminum layer (34), thereby restricting
the ability of the titanium to getter the mobile impurities within the various layers of
the IC. Despite the alloying of the titanium and aluminum, the metallization
structure (30) exhibits the superior contact resistance and electromi gration properties
associated with titanium.
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Figure 3



