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This invention relates generally to the fabrication of netal Ifzﬁé%;and

i nterconnects for sem conductor devices and nore particularly per fhé@p"f’i?
treatnment for interconnects conprising a titaniumnitride Aégti- ef | ecti‘on
Coating ( ARC)AlRgyiMetallizatiom Strass Relinlamncaljeg Heat Teeptopent Kor ARGATEOVERe pri or
Art Metal |ayers and interconnects are inportant

t echnol ogi es in senm conductor manshacnumilmyersi nt erconnects el ectrically
connect together different conductive wiring layers in a sem conductor
chip. The conductive | ayers can be layers forned on a substrate surface,
such as source/drain contacts or gate structures, or overlying netal
wiring layers. It is inportant tBagkground of [nvention

1) Field of the Invention

This invention relates generally to the fabrication of metal layers and
interconnects for semiconductor devices and more particularly to a heat treatment for
interconnects comprising a titanium nitride Anti-Reflection Coating (ARC) layer over an

aluminum layer.
2) Description of the Prior Art

Metal layers and interconnects are important techn.ologies in semiconductor
manufacturing. Interconnects electrically connect together different conductive wiring layers in a
semiconductor chip. The conductive layers can be layers formed on a substrate surface, such as
source/drain contacts or gate structures, or overlying metal wiring layers. It is important that
these interconnects, vias, an.d conductive wiring layers be reliable, be as small as possible to

miniaturize the circuit and have wide process windows for high yields.

Often metal layers are formed having overlying anti-reflective coating (ACR

layers. These anti-reflective coating layers (such as titanium nitride anti-reflective coating (TiN



t hese ‘i nterconnects, vias, and conductive wiring layers be reliable, be-as.

small as possible to mniaturize the circuit and have w de process w ndows = -

for high yields. Oten netal |ayers are forned
havi ng overlying anti-reflective coating (ACR |ayers. These
anti-reflective coating layers (such as titaniumnitride anti-reflective
coating (Ti N -2-

: , . =2 = -

ACR) | ayers inprove photolithographic processes by providing a dull surface
over | yi ng ACR) layeef impeivie pRotoRhEgraphicyescesses by providing a dull surface overyingatéieli ti on to
the overlying ARC |l ayers, netal layers are forned having underlying

barrier | a¥fdcive mbtgNings Ti:W TiSi[err], TiN, etc. These |ayers are

critical in helping the netal layers, usually alum num to adhere to
various surfaces, such as oxides. The layers also block al um num netal
from spi king out and reacting with other surfaces, such as silicon. The

conbi nati on of |ayers 1haddigéd @dhovelyiag ARCAglers( inetal leyersire dormad hetivom Ti N
| ayer, a mddle alumnum |ayer and a top Ti N | ayer). . '

As shown i fhdbhdhy Griéh 1884, sich YOTRRYVEisT,OPRC etk MPHesCldyer €51k cRQAE AR tRE

metal layers, usually aluminum, to adhere to various surfaces, such as oxides. The layers also
block aluminum metal from spiking out and reacting with other surfaces, such as silicon. The
combination of layers is called a metal stack (for example, a bottom TiN layer, a middle aluminum

layer and a top TiN layer ).

As sho‘;vn in figures 4 and 5, we have found that current processes for
forming metal layers and interconnects have problems related to stress. Figures 4 and 5 show a T_i_
layer 44,an Al layer 48,an ARC TiN layer 50 (a m;-,tal stack) formed over an insulating layer 40,
The stress can cause peeling and delamination of the metal stack. More particularly, a top Anti-
Reflection Coating TiN layer 50 delaminates from an underlying a!umir-mm layer 48 as shown in
figures 4 and 5. Also the stress can cause blemishies, slits, voids, silicon precipitates (nodules)
and hillocks. The void/blemish problerﬁ appears to be worse on higlher temperature aluminum

formation processes.

Others have attempted to solve similar problems. US 5,298,436 (Radosevich)
shows varying the deposition rate to give lower stress. US 5,017,508 (Dodt) shows the use of
annealing by RTA for annealing irradiation induced damage. However, these methods can be

further improved.



form g netal |ayers and interconnects have problens related to stress.
Figures 4 and 5 show a Ti | ayer 44,an Al |ayer 48,an ARC Ti N |l ayer 50 (a
nmetal stack) formed over an insulating |ayer 40. The stress can cause
peel i ng and del am nation of the nmetal stack. Modre particularly, a top Anti-
Refl ection Coating Ti N |ayer 50 del am nates from an underlying al um num
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- 3- Therefore, there exists a need to devel op processes
that relieve stress in nmetal/ TiN ARC |ayers that are tailored to the
deposition processes used to formthese |l ayers. There exists a need for a
process that elimnates the peel isagnfargofthedahtiog of a Ti N Arc | ayer over
an Al |ayer. . 3 .

It is an object of the present invention to provide a method for a stress relief

anneal after metal stack deposition that reduces stress in the metal stack.

It is an object of the present invention to provide a method for fabricating a
blemish free Anti-Reflection - Coating (ARC) TiN layer over an éputter deposited, high

" temperature process, aluminum layer by relieving stress in the layers.

It is an object of the present invention to provide a method of forming a

.. TiN/Al interconnect layer which is defect free, and simple to manufacture.

It is yet another object of the present invention to provide a post Al layer and |
ARC TiN Iajer anneal that reduces stress between the Al layer and the ARC TiN layer so that

ARC TiN delamination problems are eliminated.

To accomplish the above objectives, the present invention provides a method
of forming a defect free/reduced stress ARC TiN layer and Aluminum layer. The invention

provides a three step anneal that reduces stress between the AL layer and the overlying ARC TiN



Summary of “t he Invention It is an object of the
present invention to provide a nethod for a stress relief anneal after
nmetal stack deposition that reduces stress in the nmetal stack.

It is an object of the present invention to provide a nethod for
fabricating a blemsh free Anti-Reflection - Coating (ARC) Ti N | ayer.over
an sputter deposited, high tenperature process, alumnumlayer by
relieving stress in the | ayers. It is an object of

the pr esenﬁaviepvggvﬁégg ?ay%n‘r)}e’lgrcgréé]oggds ?F nﬁfsh%egfon%%@@nﬁgnﬁlctops%&hrei 1ot §h& ONnect

| ayer which”rs e to manufacture.

It is yet another ohjec t he present. j.oventi t 0. provi de. QS

| ayer and MERREYSIN HVE*F%LV&?Q%PPE@@?DQ} bipétglergﬁB&@:t&%wéﬁn@hgmﬁraﬁé@%}
and the ARC Ti N layer so that ARC Ti N del am nation problenms are

el i ni nat ed.a temperature in a range of between abquy "e?écé?ﬁ)?'issﬁ- Neat, albév%‘RGché‘@t‘i(%g,) t he
present invention provides a nethod of formng a defect free/reduced
stress ARC Chating Big\elnyen Adl isAlepositad nver sheekl metdayemdent i on - provi des a three

step anneal that reduces stress between the AL |ayer and the overlying ARC
Ti N

In the important process stage, a three step heat trecatment is performed on the
metal layer 32 and the ARC TiN layer 34. The heat treatment is performed in a N» atmosphere
and comprises three steps. First, a ramp up step is performed wherein the temperature is
increased from room temperature to a temperature between about 440 °C to 460 °C (tgt = 450
°C) at a rate in a range of between about 30 and 50 °C/sec. Second, a temperature hold step is
performed where the temperature is held at in a range of about 440 °C and 460°C (tgt - 450 °C)
for a time in a range of between about 25 and 35 seconds, Third, a ramp down step is performed
where the temperature is ramped down at rate in a range of between about 8 and 10 °C /sec to .
room temperature. ‘The ARC TiN and Al layers are is then patterned preferably using a reactive
ion etch (RIE) process. The heat treatment anneal of the present invention reduces the stress

between the ARC TiN and AL layers which climinates any pecling and blemishing of the ARC

TiN layer.

The high temperature Al sputter deposition in combination with the ARC TN

barrier layer creates stresses which cause peeling and blemishing. The heat treatment anneal (i.e.,
stress relief anneal process) of the present invention reduces the stresses between the A/SI/Cu

metal layer and the ARC TiN layer and eliminates peeling problems. The three steps of the heat

treatment correspond to three stress relieving stages: (2) recovery (ramp up) - (b) recrystallization



-4- ‘layef. A netal layer 32 conposed of AL is forned onto a seni conduct or
structure 10. The netal layer 32 is preferably conposed of Al/Cu/Si
sputtered deposited using a high tenperature at a tenperature in a range
of between about 495 and 515[err]C. Next, an Anti-Reflection (ARC) Coating
TiN layer 34 is deposited over the Al netal |ayer 32.

In the inportant process stage, a three §tep heat treatnent is perforned on

the et gendpahsid) -32) gaid grdien ARG (Tndy doawndr Tekrecdhleey higgat (rampap sepltisi S
performed in a N err] atnosphere and conprises three steps. First, a ranp

up step igsipkihtoproateealeibvt Bect SRR RhNNBed Eislodali6h ARESH(WitHOM 4fpRed
tenperature to a tenperature between about 440 [err]Cto 460 [err]C (tgt =

450 - [er r&@'na?glrt%?).r & &cpafglglggﬂ?cl%ml@ﬁb%‘fﬁ@g&\%ﬁg{luez@?ﬂaﬂ\%ﬁﬁ@\i«[lﬁﬁ&l e

Second, a tenperature ho Ss” per & tenperature s held

at in a range of abaout 440_[err] C.and.460 err t - 45 r]C.. for a
time in E[esrsgrﬁa'@alafrmgggmn’l‘ "gf%(’ﬁﬁ’(ﬁ%?e%%ﬁ%é&ma{tfﬂnr'%?he[aae'&%%r%gedrbvm step
is perforned  where the tenperature is raggfe‘f down E\t g\t,%?i ﬂ range of
bet ween dBtstnal eneegypetvrpen thersirainaadnstraint ¢S FAPE FataTPed. MsdnERRe{TANd Al
| ayers are is then patterned preferably using a reactive ion etch (R E)
process. dpven) isshe narmebgraie igroveth spcis. s %FP& sippageqst reduaes Hheistassbeerese thet he
stress between the ARC Ti N and AL | ayers which climnates any peeling and
bl emi shi NYRGITIN iteyer¥R@ theTA D idyaryhereby eliminating the delamination problem.

Brief Description of the Drawings

The features and advantages of a semiconductor device according to the
present invention and further details of a process of fabricating such a semiconductor device in
accordance with the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which like reference numerals

designate similar or corresponding elements, regions and portions and in which:

Figure 1isa cross sectional view for illustrating a method for manufacturing a

metal one stack interconnect layer according to the present invention.

Figure 2 is a cross sectional view for illustrating a method for manufacturing a

metal two stack interconnect layer according to the present invention.

Figure 3 is a graph showing the three stage heat treatment anneal according to

the present invention.



The hi gh t'enperature Al sputter -deposition in conbination with the ARC Ti N
barrier |layer creates stresses which cause peeling and bl em shing. The heat
treatment anneal (i.e., stress relief anneal process) of the present

I nvention reduces the stresses between the A/SI/Cu netal |ayer and the
ARC Ti N | ayer and elimnates peeling problens. The three steps of the heat
treatnent correspond to three stress relieving stages: (a) recovery (ranp
up) - (b) recrystallization -6 -

-5- (tenmp. hold) - (c) grain grown cycle (ranp down). The recovery stage

(ranp up step) is depiyGRed ah® sPIrOEHGSsestional viewsaliusedngathé Qé‘dlm% e uighigh
enhanced d| sl ocation notion (w thout applied external stress The second

step of I%E&UAH a%tolslg%%qg[ngﬁ@‘ ual xed grai ns which have nmuch |ess

|nternal I'n ener rving"force for the new grains formation is
t he difference in internal energy between the strain and unstraint
- equi axed grains so formed. The third step (ranp down) is the normal grain

growth cycle. This thfwg}@réé 8R AREsAt ?r{am%eaﬁ,smﬁw%méﬁl HrRisverEnd H&al u%%C

Ti N | ayer and the AL er thereby elimnating t Re del'am nation proble

Bri ef Desg*‘%‘%*;‘@@%&é‘&%gﬁ'ﬁ %vm ngs The features and

advant age °0r devi ce according to the

Detailed Description of the Preferred Embodiments

The present invention will be described in detail with reference to the
accompanying drawings. The present invention provides a method of forming a defect
free/reduced stress ARC TiN layer over a high temperature sputtered Aluminum (interconnect)

layer which is characterized as follows.

A semiconductor structure 10 is provided. The semiconductor structure 10
can comprise a silicon substrate with devices (such as source and drain regions) formed in and
over the substrate. The semiconductor structure 10 can also comprise insulating and conductive

layers formed over a substrate and patterned layers, such as gate electrodes and word lines.

As shown in figure 1, a preferred embodiment of the invention is a formation
of a one metal stack structure 10 20 24 28 32 34. This type structure is preferably used as the
(lowest) first interconnection layer contacting the substrate. A first insulating layer 20, preferably
composed of borophosphosilicate glass (BPSG), is formed over the semiconductor structure 10.
The first insulating layer 20 is preferably formed using a BPTEOS oxide process and preferably

has a thickness in a range of about 4000 and 6000 A and more preferably about 5,500 A.



presént ihvention and further details of a process of fabricating such a
sem conduct or device in accordance with the present invention wll be nore
clearly understood fromthe followi ng description taken in conjunction

wi th the accompanying drawi ngs in which |ike reference nunerals

desi gnat e

simlar or corresponding elenents, regions and portions and in which:

Figure 1 is a cross sectional view for ilJustrating a nethod for

manuf acturi ng a metal one stack intertdnnect | ayer according to the
present invention. Figure 2 is a cross sectional
view for illustrating a nethod for manufacturing a netal two stack

i nterconnect |ayer according to the present in\égn
Figure 3 is a graph siNew.aditanhuen layar 88 isdpiasd opeife
to the present invention.
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- 6- titanium layer 24 prefEiably hesa thickmess # agptge Of BYweeaboub A and 45Qgh and more
illustrating the peeling formthe high tenperature Al deposition and the

Ti N | ayer .preferably about 400 A. The Ti layer is preferably sputter deposited.

A titanium nitride (TiN) barrier layer 28 is then deposited over the titanium

layer 24, The TiN barrier layer preferably has a thickness in a range of between about 1100 and

1300 A and more preferably about 1200 A. The TiN barrier layer prevent junction spiking (Al

diffusing into the Silicon).

Next, a metal layer 32 composed of aluminum is formed over the

semiconductor structure. The metal layer 32 is preferably composed of Al/Cu/Si and is s'put_tered

preferably at a temperature in a range of between about 490 and 520°C and more preferably in

a range of between about 495 and 515°C and most preferably at about 505 °C. The high

sputier temperature is contributes Lo the high metal line stress. The high temperature Al

deposition contributes to most to the changes in the film structure that will eventually manifest

itself as stress.

The aluminum metal layer preferably has a composition of a Siwt%ina

range of about 0.75 and 0.85 and a Cu wt % in a range of about 0.45 and 0.55 and more

preferably about 0.8 wt % Si- 0.5 wt % Cu - 98.7 %Al.

The aluminum alloy layer 32 is preferably deposited in a sputter by bombarding

a metal ingot with plasma. Other metal deposition processes are also suitable. The metal target



Figure 6 i's a cross sectional viewillustrating the metal one stack and
netal two stack of the present invention.

Det ai | ed Description of the Preferred Enbodi nents The
present invention will be described in detail with reference to the
acconpanyi ng drawi ngs. The present invention provides a nethod of formng a
defect free/reduced stress ARC Ti N | ayer over a high tenperature sputtered
Al um num (interconnect) |ayer which is gharacterized as foll ows.

A sem conductor structure 10 is provided. The sem conductor structure 10
can conprise a silicon substrate with devices (such as source and drain
regions) forned in and over the substrate. The sem conductor structure 10

can al so &‘H%%%ﬁnﬁi%ﬁh@t}t'c@ ﬁé?ﬂ:s 194 lo\ess %smeamﬁ«m.w% @Y% o and

substrate a patterne aye as gate el ectrodes and word Iines.

As sh ' f ] ; .
for mar | ontn® ogpy B ad sodeobi bty it FiFRC TheBaig il hiith s BEREALN) dhepiBimas
cont act| nACORAIRIRE ?4&11@%3&%@@‘@%1 TSP Hleydise e ooty agnoyieed from

conposed of borophosphosilicate gl ass ( BPSG) Is formed over the _
seni condudsivglesurgeicontriaing(hl, Cu Tindsilicopstt a1 ARETEKE] hetyveenghaut 9§ and lﬁypé‘f"\ér?ébl y
formed using a BPTECS oxi de process and preferably has a thickness in a
range of siafentempefituranflb@@eé aboatrid0 aud HOFCe iner gdslagbibioaft AFgoB DA AL a

pressure of between about 1E-3 and 3E-3 torr (tgt = 2E-3 torr), at a voltage in a range between

about 480 and 650 V and a DC power supply. The Al metal is sputtered at a rate in a range of

between about 11,400 and 12,600 A/min (12,000 A/min +/- 5%) and more preferably about

12,000 A/min. The sputter tool can be a model Endura 5500 made by Applied Materials, USA.

Next, an Anti-Reflection Coating (ARC) TiN layer 34 is deposited over the
metal layer 32. As shown in figures 4 and 5, the blemish problem (void 53) is caused by
delamination of the ARC TIN layer overlying the Al-Si-Cu layer. The blemish appears when

viewed though by an optical scope.

An anti-reflecting - coating {ARC) TilN layer 34 is formed over the metal lines.:
The anti-reflective properties improve lithography resolution by reducing reflectance off the layer.
The ARC TiN layer can be formed by a sputtering process by reacting an excess of N with Ti
metal target. The layer .34 preferably has a reflectivity in a range between 0.5 and 0.6 and more

preferably about 0.55.

In an important stage, the three step heat treatment anneal of the present

invention is performed on the metal layer 32 and the ARC TiN layer 34. As shown in figure 3‘, the



-7- / Next, a titaniumlayer 24 is formed over the first
I nsulating |layer 20. The titaniumlayer 24 preferably has a thickness in a
range of between about 3 50 and 450 A and nore preferably about 400 A The
Ti layer is preferably sputter deposited. A titanium
nitride (TiN) barrier layer 28 is then Yeposited over the titanium |ayer
24. The Ti N barrier |ayer preferabl y has a thickness in a range of between

about 11Q0 and 1300 A.and nore p r abl A  The T er
ayer pr VR HCTHTRIE (OBRE (RFT HeToA b B4 A aggﬁethfi‘%vﬁtmeg fmesm"u B

Next, a nmetal |ayer 32 conposed of al unjnum over

sem condu¥ressreligvingstages (a) Teroverg(@mp|ug) p) rg‘?y?tglhfﬂt‘@gthQBi ‘ip‘@o FF§ §LAiRygTEn
Al/Cu/Si and is sputtered preferably at a tenperature in a range of

bet ween adyolet(rad@Giosm) Thebpz trehiBeanis prefarablppasfosmedinyNzias Ar. gaspesgge mefe bet ween
about 495 and 515[err]C and nost preferably at about 505 [err]C. The high
sputter t@a&&b@tlmawllaﬁbﬁﬁmtrl butes to the high netal line stress. The high
tenperature Al deposition contributes to nost to the changes in the film
structure that will eventually manifest

First, a ramp up step is performed wherein the temperature is increased from
room temperature to a temperature in a range between about 440 °C to 460 °C (tgt - 450 °C) at a
rate in a range of about 40 and 50 °C/min and more preferably a rate of about 45 °C/min.. The
ramp rate is critical to causing recovery. Recovery describes the producing of strain relieves

effect through enhanced dislocation motion in the film,

Second, a hold step is performed where the temperature is held at in a range
of about 440 °C and 460°C (tgt - 450 °C) for a time in a range of about 30 and 40 sec. The

holding temperature and time are critical to causing recrystallization .

Third, a ramp down step is performed where the temperature is ramped down

at rate in a range of about 30 and 40 °C /sec to room temperature.

This anneal is specially tailored to solve the blemish problem on Al and TiN
layers. The heat treatment will also work on any Al and ARC TiN layers of any composition

formed by any process that have the blemish/delamination stress problem.



Itself as stress. The al um num netal | ayer

preferably has a conposition of a Si wt %in a range of about 0.75 and
0.85 and a Cu wt %in a range of about 0.45 and 0.55 and nore pref erably
about 0.8 Wt % Si- 0.5 w %Cu - 98.7 %Al . The

alum num al l oy layer 32 is preferablyjgleposited in a sputter by bonbardi ng
a netal ingot with plasma. O her netal deposition processes are al so
suitable. The netal tdegthe heat treatment of the present invention, the metal layer and TiN layer

- 8- can be an al um numingot conprising about 0.75 to 0.85 % Silicon and

0.45 to Qre5haletd adith pHohﬁetbl@B@B&@estf\ nf2thl PRGBSO prer hetv%gﬁ‘ pattemUgTorrbe
al um num which is vaporized by the plasma is deposited on the

sem condyGéthe Mfal A4k 24TRS23I4U N XY Thhbt@layePYEB2 3ANs BEhedRMink GlchRROSI t ed
from a single target containing A, Cu and silicon, at an énergy of

bet ween Qg&glltnegg?%ggga}eh%ﬁgﬁﬁ?& g(ﬁnbAmBﬁ‘srthér oper at ure of between about 440

and 500 [err as “a rgon and at a pressure of between
about 1E-3 and 3E-3 torr (tgt = 2E-3 torr), at a voltage in a range between
about 480 and 650 V and a DC power supply. The Al netal is sputtered at a

rate in a range of Figures 4 and 5 show the TiN peeling and void problem that occurs if the heat
treatment of the invention is not performed after the “hot” Al sputter process. These voids are

eliminated with the heat treatment anneal of the invention.

Next the photoresist is striped, preferably in an O, or H,0 stripper. The
discoloration problem which appears when not using the heat treatment of the present invention is

observable at this point. See figure 5.

Below is a process description for forming a second metal layer (a metal two
stack) as shown in figure 2. The second metal layer is preferably formed over the first metal layer.

Also see figure 6.

Both the one metal stack and two metal stack have the same blemishing and

void problem which involves the AL-Si-Cu layer 32 48 and the (top) TiN Arc layer 34 50.

The method to form the metal two stack structure shown in figure 2 is similar
to the method described above for the Metal one stack. The metal two stack structure does not

* have the TiN layer 28 (see figure 1) and has different thicknesses for the other layers.



bet ween about 11,400 and 12,600 A/ mn (12,000 A/mn +/- 5% and nore
preferably about 12,000 A/Amn. The sputter tool can be a nodel Endura 5500
made by Applied Materials, USA Next, an
Anti-Reflection Coating (ARC) TiN layer 34 is deposited over the nmet al

| ayer 32. As shown in figures 4 and 5,,the blem sh problem (void 53) is
caused by del am nati on of the ARC TI]l\]l | ayer overlying the Al -Si-Cu | ayer.
The bl em sh appears viteferring toi fanvesh, alBRIGODoyxiderdayep €0 ssefbrmedayyer the substrate

An anti-reflecting - coating (ARC) TiN layer 34 is fornmed over the netal

lines.  shigceaint in-se€dnd@ssuiai®s YR BT dohDOsed B BERES it Furied)owep he se@ohdiictaon by
reduci ng refl ectance off the |ayer. The ARC Ti N | ayer can be fornmed by a

sput t er i NG oR AL S STIRYseL 7@ GishiAfn ARy R 46 R efbrabiNfstinel ulthg A BPTEOSBRIdRIprécasget .
The | ayer 3'4upr efer absley has:s a r°e1?){ ecti \S/‘)i$ty i%l a rangeﬁ bet ween 0. 5pand 0.6

and nore pr.ef er.abl bout 0.5 000 and 11000 o Jle@fAbly IRt ant
st age, th%’dtpﬁ?ef rgﬁlg,?x g%a ﬁ\gg{mes? Feat ’P%notfa%onur%egal 8? the Srr‘%rsngf\t&e i n‘\)/,engi( on is
performadlqo%pt% nmetal |ayer 32 and the ARC Ti N | ayer 34. As shown in
figure 3,°0 ' -9- .
Next, a titanium (Ti) layer 44 is formed over the second insulating layer 40.
The titanium layer 44 preferably has a thickness in a range of between about 900 and 1100 A and

more preferably about 1000 A. The Ti layer is preferably sputter deposited.

Next, a metal layer 48 preferably composed of Al/Cu/Si is sputtered at a
temperature in a range of between about 490 and 520°C and preferably a range of between
‘about 495 and 515°C most preferably about 505 °C on a semiconductor structure 10. The high
sputter temperature is contributes to the high metal line stress. The high sputter temperature has

the advantage of providing superior planarity.

The aluminum metal layer preferably has a composition of a Siwt % ina
range of about 0.75 and 0.85 and a Cu wt % in a range of about 0.45 and 0.55 % and more

preferably about an 0.8 wt % Si- 0.5 wt % Cu and 98.7% Al

The aluminum alloy layer 32 is preferably deposited in a sputter by bombarding
a metal ingot with plasma. Other metal deposition processes are also suitable. The metal target

can be an ingot comprising about 0.5 to 2.5 % Silicon and 0.45 t0 0.55 % Cu and the balance



heat ‘treatment conprises three steps. The three steps of the heat treatnent
correspond to three stress relieving stages: (a) recovery (ranp up) -(b)
recrystallization (tenp. hold) -(c) grain growmnm cycle (ranp down). The
heat treatnment is preferably perfornmed in N2 or Ar2 gasses and nore
preferably in a N2 anbient. First, a ranp up step
is performed wherein the tenperature is ti2nereased from roomtenperature to

a tenpera LD,2 ran en abopit | - 450
Lerr10) . ats 3o S ooiry a5, gﬁ‘é\éﬁm‘“%gﬁf" gL b BablF ot oh e
preferably a rate of about 45 [err] Cri o]
causi ng r EEBcRadyctorugfateer Yh "cPé'é‘E‘FWBégOYF ’B@}&GBV%‘E%E?OS&'FCFE?W asggfeetergg
effect through enhanced dislocation notion in the fi

Second, actndiging ABEu; §n@)@h¢%rmeﬁﬁéﬁf@“&%“fﬁ’éh‘ﬁ’é?é‘%r‘é“% ahaPafEt in a
range of about 440 [err]C and 460[err]C (tgt - 450 [err]C) for a tine in
a range ofenglratire 3DbewebnaBosald0 alhB00 °*Chghscimbgent efvpegant endentarmessurmf are
critical to causing recrystallization . Third, a

ranp downbeiwesh dbouP EE-B QhdTBE-IMREY, Qolidae rangerbewedniabeut @ormwpﬂwcmra DC péwerat e
in a range of about 30 and 40 [err]C /sec to roomtenperature.

Thi s anneglpgis T8 ﬁﬁinedai ¥ shiteledrapd ra&@m%qhxvg@ oF BéwRbLHosh 10500 LRIM 06004 /nind

TiN |ayers. eat treatment will also work on any Al and ARC Ti N

layers of éfi;%)oﬁmlgﬁ) tSS {‘j Ind mofr% ¢ %9134 aBSW¢ 127006 Btid. Pete sBﬁYéf— tdd1€an be

bl em sh/ d ess
model Endura 5500 made by Applied Materials, USA.

Next, a (ARC) TiN layer 50 is deposited over the metal layer 32. An anti-
reflecting - coating (ARC) TiN layer 50 is formed over the metal lines. The anti-reflective
properties improve lithography resolution by reducing reflectance off the layer. The ARC TiN
layer can be formed by a sputtering process by reacting an excess of N with 'i‘i metal target. The
layer 34 preferably .has a reflectivity in a range between 0.5 and 0.6 and more preferably about

0.55.-

In an important stage, a three stage heat treatment is performed on the metal
layer 32 and the ARC TiN layer 50. As shown in figure 3, the heat treatment comprises three
steps. The heat treatment anneal for the metal two stage is the same as described above for the

metal one stack.



- 10 - ¢ After the heat treatnent of the present

I nvention, the netal |layer and TiN |layer are patterned using photo-etch
processes. A netal photoresist |ayer having a pattern is forned over the
metal stack 24 1832 34. Next, the netal ,layer 28 32 34 is etched using a
chlorine containing gas such as dJer rl]3 or Bl [err] and conbi nations

t her eof . Figures, 4 | | d
voi d probl em that occHft ”?efhef‘%téeaﬂ'g °fstp? %%%ﬂ%ﬁ?é%? thhgﬁfﬁblg%??@%‘rﬁgla ot
perfornmed after the "hot" Al sputter process. Th(?se voi ds are .e}im’(pated
with the aﬁ%a%ttemeéalﬁlﬁ%a'BOtaﬁFFééJFOCG%Sﬁ%h%“ieww}ﬂ“?%%sft ayer having a pattem is forme
Next the photoresist is striped, preferably in an JQerr] or Herr]O
st ri pper .ovEhthe metad stotio?htd $hShr diektethewetat BYUAPSSE9 Wstshedot using the heat
treatment of the present invention is observable at this point. See figure
5. Below is a process description for formng a
second netal layer (a nmetal two stack) as shown in fi%ure 2. The second
netal |ayer is pref erEipgurg 6fshomeihe metat onerstack 2¢ 38 3336 and thgyneral twonptagk 4448
figure 6. :

50 formed over a semiconductor substrate 10 including a source/drain region 12.

The elastic stress present in thin films (e.g., 48 and 50) is an inherent part of
the deposition processes and can either be tensile or compressive. The magnitude and nature of
the film’s stress depends on the procéssing parameters, such as substrate temperature, deposition
rate and method of deposition. Stresses of about 1E8 to 1E9 N/m? are commonly observed in
thin films. These high stresses are capable of causing film fracture or delamination during
deposition and/or at other post processing steps, such as at the etch steps where the film is
subjected to harsh bombardment and high temperature. Because we have noticed the problem of
peeling only occurs between the Al-Si-Cu 32 48 and overlying TiN Arc layer 34 50, the

subsequent discussion of stress will focus on these two layers.

Stress in an aluminum metal layer with an overlying Anti-Reflection Coating
(or any other deposited thin film in that manner) (e.g., TiN ARC) consists of two major
components. First, a “thermal” component arises from the difference in the expansion
coefficients of the TiN ARC layer 34 and of the Al metal layer 32. Second, an intrinsic (internal

residual stress) component results from crystal growth and grain structure during (a) non-uniform



Both the’'one netal stack and two nmetal stack have the sanme bl em shing and
voi d probl em which involves the AL-Si-Cu layer 32 48 and the (top) TiN Arc
| ayer 34 50. The nethod ‘to formthe netal two stack
structure shown in figure 2 is simlar to the nethod described above for
the Metal one stack. The netal two st_gcllz structure does not have the TiN

| ayer 28 (see figure 1) and has different thicknesses for the other |ayers.
- 11 - . Referring to figure 2,aBP_TEC()iiSoideI er 20 is
f or med om@hnaﬁéhsm@gltdeao%tlorsfdmfaaéav)maseN@€%W°? Hebis Rouptf YRApSPO

conposed of BPSG is forned over the sem conductor structure 10. The second
i nsul at i wieré phyaees hale differeniedeasidsl y f or med usi ng a BPTEGS oxi de process and
preferably has a thickness in a range of about 9000 and 11000 and nore
preferably about 10,000 A Next, a titanium (Ti)

| ayer 44 is forned over the second insulating |ayer 40. The titaniuml ayer
44 preferably has a Tl themabeonponent ofistrpss igfsws@bw\é@wpabtﬂéﬁ):goo and 1100 A
and nore preferably about 1000 A. The Ti layer is preferably sputter

deposi t ed. Next, a metal |ayer 48 preferably
conposed of Al/Cu/Si is sputtered at a ]
Cw=Y buricr Tnyer (atbauricr layer = b metal lanycr) AT Equatlon 3.3.1
Where : G o = Thermal stress, Y Tin arc tayer = YOUng’s modulus for the iy arc layer,

CLTIN ARC layer ANG Clietal layer = coefficient of Thermal expansion of ARC TiN and

AT= difference in temperature during the processing.

The intrinsic stress.of the film is given by (Chopra 1969) :
6 = Yonctal tmetal /6ttTan arc (1-42) Equation 3.1.2

where o is the intrinsic stress, r = (L%2d), L= length of the film, d= deflection of the metal film,
Yue = Young’s modulus of Al metal film,  tuaw and trinarc are the thicknesses of Al metal

and TiN ARC layer; r is the curvature of the bent film; and p = Poisson’s ratio.

If the stress in the TIN ARC layer is higher than the adhesion between the TiN
ARC layer and the aluminum (Al) Metal layer, delamination and peeling of the top film will

' inevitably occur. If the stress in the TiN ARC film is higher than the fracture stress of the TIN



tenperatudre in a range of between about 490 and 520[err]C and preferably a
range of between about 495 and 515[err] C nost preferably about 505[err]C
on a sem conductor structure 10. The high sputter tenperature is
contributes to the high nmetal line stress. The high sputter tenperature has
t he advant age of provi di ng superior plamrarity. The

al um num " ref er, as, a conposit i range
of about mﬁ/@l"é l&}; sy Eag iy &Q&(ﬁo W}eﬁaﬁa@ﬁgﬁ ’é‘/“(‘,‘!f %6?&35'6'14%3%rﬁ(;'5‘8‘c5fg

and nore preferably about an 0.8 wt vgé(VCu nd 98. 7% Al .

The al umi A& wpw‘éﬁavtagﬁewhegze%seiﬁ% @’%&"V’%’E}%&F‘E @the etefsput ter by
bonbar di ng a netal ingot with plasma. O her netal deposition processes
are also suitable. The netal target can be an ingot conprising about 0.5
to 2.5 % Silicon and 0,45 to 0.55 % e b nce .

- 12 - 99.999995 % purQyepaliaf! mmlelaﬁri}m"ﬁé&Vvﬂff@rﬁa‘*‘glwgp{%‘raz’%‘d Wk??é‘ pl asma
i s deposited on the sem conductor surface. The alum numalloy |ayer can be
sputter depyienesinanreompatitilitidn stresar Gbis strespernLRTSeiEe BN ARG layahé @relly frewthe at
an energy of between about 5 and 13 kW at a wafer tenperature of between
about 440 Alrdetaldayef.err] C, gas anbient of Argon and at a pressure of

The delamination of the TiN Arc from the Al stack during etch is very likely to
be related to the stress in both the films as explained above. The fact that why the phenomenon
is occurring after metal etch can be correlated to the etch environment during the metal etch
process. On the very fact that the metal deposition process (high temperature process) and
composition of the metal target employed, the metal etch process has to be tuned to be in the high
power and high bombardment range in order to attain a residue free surface after etch. The
tradeoff to this process is the generation of high temperature and harsh environment during the
etch, Referring to equation 3.1.1, since the temperature effect is considerable amplified during the
process with the number of wafer etched and coupled with the thermal expansion difference on

the thermal stress, the likelihood of warpage /distortion of the adhesion films is high.

Also, it appears that the voids are related to the thickness of the TiN ARC
layer as explained by equation 3.1.2 . The stress of the TiN ARC layer is dependent on the
relative thickness of the Al and TiN Arc layer and with the Young’s modulus of Al being a
constant, it can be assumed that the TiN ARC internal stress may be hovering in the region of the

fracture stress of the film.



bet ween about 1E-3 and 3E-3 torr, voltage range between about 480 and 650 V
and a DC power supply. The Al netal is sputtered at a rate in a range of
bet ween about 11,400 and 12,600 A/mn (12,000 AAmn +/- 5% and nore
preferably about 12,000 A/mn. The sputter tool can be a nodel Endura 5500
made by Applied Materials, USA Next, a (ARC) Ti N

| ayer 50 i s deposited over the netal Iayer 32. An anti - reflecti ng -
coating (ARC) Ti N | ay&he f0gh graindromadiriesteve bées obrearedd dniXSEM mMmiveographs of the
anti-reflective properties inprove |ithography resolution by reducing

ref | ect anblemizhés dnhBe TRYARC IdRe THdse Talbe retated tothdsditifinteiftanuyar oS esigrt er i ng
process by reacting an excess of NJerr] with Ti nmetal target. The |ayer 34

pr ef er abl yhahargy ﬁ‘a\k%uxﬁ'%'amert the h@taﬁet&l@ﬂ'@@espﬁmﬂg theInshl Gtrip RoRBd AMrShe

pr ef erabl y about In"an inporfant stage, a

three st ag@a,nﬂ%sont(ﬁ‘%ﬁé "Fﬁn,&,%c' the Bgc[e%l%\gﬁﬁjﬁﬂﬁs%%sg@éh@ ambxén@&ﬁﬁro%erﬁqm {she ARC

Ti N | ayer treatment conprises

steps. Th treat nen ne, for t e is.the sa
deser bed SRRULBESEEY a"ﬁr‘f Fouflon AR bithe oo B g SR

-1 . . h :

i nvgnt i Oncatp%c ifdatyre }Ngl)-) é?sp%égqa'te Eﬁk%@:&\&h an%cﬂsﬂu stregs peroé%gsegﬂ%mnetal etch

-

employ a H0 plasma amount other gases and this may be the electrolyte to the localized minute

galvanic cell in the grain boundaries regions.

The heat treatment anneal (i.e., stress relief anneal process) of the present
invention reduces the stresses between the AV/SI/Cu metal tayer and the ARC TiN layer and
eliminates peeling problems. The three steps of the heat treatment correspond to three stress
relieving stages: (a) recovery (ramp up), (b) recrystallization (temp. hold), (c) grain grown cycle
(ramp down). The recovery stage (ramp up step) is designed to produce strain relieve effect
through enhanced dislocation motion (withqut applied external stress). The second step of
recrystallization produced equaixed grains which has much less internal strain energy. The driving
force for the new grains formation is the difference in internal energy between the strain and
unstrained equiaxed grains so formed. The third step (ramp down) is the normal grain growth

cycle.



are' patterned using photo-etch processes. A netal photoresist |ayer having
a pattern is formed over the netal stack 24 18 48 50. Next, the netal

| ayer 28 48 50 is etched. Figure 6 shows the netal
one stack 24 28 32 34 and the nmetal two stack 44 48 5S¢ JOERB-PYAL BEEN
sem conductor substrate 10 including a source/drain reqion 1@EpL ACED
The elastic stress present in thin f4lirs-(e.g., 48 and f rner ent

part of the deposition processes and can either be tensile or conpressive.

The magni tude and nat%'q &Lén vgﬂ%nfhigér ggteﬁ P%{ﬁE@ggy SBRAAS dQRril AR Rfefee NT

paranmeters, such as substrate tenp osition rate and nmethod of

deposition.. Stresses of .about 1E8.ta,1E9 It £0 I [ in
thin f11 8 MeHEEEoh Py APPRs beeon oM A Rhe i e HRTT $ BHE RS

del ami nati,on during depasitiaon and/ Qr at, other.post processin eps, such
as at t hethengss intogpandAdpils "qu{é”f‘?aldm“i“éwtgﬁ?ﬂrﬁ'& %@“t‘*&? ﬁéﬂt@ﬁ fﬁ?ﬁgaf‘%ﬁent and
hi gh tenperature. Because we have noticed the problemof peeling only
occurs betnwegiont he Al -Si-Cu 32 48 and overlying Ti N. Arc. Layer-.34.50,. the
subsequent di scussion of stress will focus on these | avers.

Stress in an alunminummetal layer with an overlying M\Aﬁmwg\lwwwﬁoatl ng
(or any other deposited thin filmin that manner) (e!g™ A sists
of two nmj or conponents. First, a "thermal" conponent arises fromthe
difference in the expansion coefficients of the TiN ARC | ayer 34 and of
the Al netal |ayer 32. Second, an intrinsic (internal resi dual stress)

component results fromcrystal growh and grain structure during (a)
non- uni f oMhat is claimed is: _

This Sheet Has Been Replaced

R




- 24 - :cooling of the netal deposition filmand (b) phase transformation
that is induced upon cooling mhere erent densities.

The thernmal conmponent of stress is Eﬂ mmﬂﬂill%m 11AS BEEN
[err] th=Y [err]([err] - [err]) err L Equats om 3. 3 W‘ss@rmp@er)
[err]= Thermal stress, Y [err] = Young's nodulus for thel [err RS

[err] and [err]= coefficient of Thernmal expansion of ARC Ti nd Al,

AT= difference in tenperature during flie processi ng.

The intrinsic stress of the filmis given by (Chopra 1969):

[err] = Y[err]/6[err] (1-[err]) Equation 3.1.2 where a is the

i ntrinsioc St r%ﬁeth{)d of fablififd 4Pdbkect ftee/ﬂe@\ﬂﬁﬂ ek ARITETIN thysr oter adedtalagfet on of

t he net al

comprising:

a) forming a metal layer composed of aluminum on a semiconductor structure;

b)  depositing an ARC TiN layer over said metal layer, .

¢) performing a heat treatment of said metal layer and said ARC TiN layér
comprising three steps: (1) a ramp up step, (2) a hold step, and (3) a ramp
down step.

2. The method of claim 1 wherein said heat treatment further_comprises: (1) the ramp up step
were the temperature is increased from 25°C to a temperature between about 440 °C to 460
°C at arate in a range of about 40 and 50 °C/min, (2) the hold step where the temperature is
held at in a range of about 440 °C and 460°C for a time in a range of about 30 and 40
seconds, and (3) the ramp down step where the temperature is ramped down a rate in a range

of about 30 and 40 °C /minute to 25 °C.

3. The method of claim 1 wherein said metal layer is formed by sputtering metal composed
of Al/Cu/Si at a temperature in a range of about 495 and 515°C on said semiconductor

structure.

4, The method of claim 1 wherein said metal layer has a composition of a Si wt % in a range

of about 0.75 and 0.85 and a Cu wt % in a range of about 0.45 and 0.55.

This Sheet Has Been Replaced

L




Y[erf] = Young's nodulus of Al netal film [err] and Lﬁ"mH re the

t hi cknesses of Al netal and TiN ARC layer; r is the c mngcll'ﬂmrnt
n

film and [err] = Poisson's ratio.

the Ti N ARC | ayer is higher than the adhesi on between the T| ay*er
and the al um num (A1) Metal |ayer, delanination and peeling of the top film
w | | inevitably occur. If the stress ijg the TiN ARC filmis higher than
the fracture stress of the Ti N

- 15 - ARC fitne Rsthod §6hithNaihetdne befdve ARCmiel Mdrad folmatk Fortritadefirktyi ng fil.m

adhesion, the TiN ARCfilm itself would fracture when exposed to a harsh

envi r onment  Iedd 183 bikk &%&G&!ductor ?ubstrate sald first insulating Y& Bhposedlof et al

| ayers havi ng oVEer I’y ng N ARC) cah ~experience

non- conpat i Elpjrhb\)ré |n stress. Th| S stress can cause the Ti N ARC |l ayer to
peel fromthe "Metal |ayer. The del am nation of
the TiN Arc fromthe Al stack during etch is very likely to be related to
the stress in both the filns as expl ai ned above. The fact that why the

phenomenog i STRE a BScl{i\L{ F&h&ﬁ% id FeGMaf@Rs R0l bk hRer bPbdhar@hs)

envi r onment durlng

metal target with plasma, said metal target can be an ingot comprising about 0.5t0 2.5 %
Silicon and 0.45 to 0.55 % Cu and the balance 99.999995 % purity Al, sputtering is
performed at an energy of between about 5 and 13 kW, at a wafer temperature of between
about 440 and 500 °C, in a gas ambient of Argon and at a pressure of between about 1E-3
and 3E-3 torr, voltage range between about 430 and 650 V, said metal is sputiered at a rate in

a range of between about 11,400 and 12,600 A/min .

7. A method of fabricating a defect free/reduced stress ARC TiN layer over and Aluminum

layer; comprising:

a) forming a metal layer composed of Al/Cu/Si by sputtering at a temﬁerature
in a range of about 495 and 515°C on a semiconductor structure;

b) depositing an ARC TiN layer over said metal layer,

'c)  performing a three step heat treatment of said metal layer and said ARC TiN
layer comprising (1) a ramp up step were the temperature is increased from

room temperature to a temperature between about 440 °C to 460 °C at a rate



process. On the very fact that the netal deposition process (high =~~~ 7
tenperature process) and conposition of the netal targe;tML m

netal etch process has to be tuned to be in the high po ﬂ mmmu'"" "LI,LI
bonbardment range in order to attain a residue free surfacé after etch. e
tradeoff to this process is the generatiof, of high tenperature and harsh

environment during the etch. Referring™t® équation 3. 1. 1, since the

tenperature effect is _considerable anplified dés %rggl the process with the
nunber of wafer et ched AfEeEAAIPWI4QRadP O hdmify dsteparhsredhe EMPE@IERCe on

the thermal stress, the likelihood of warpage /distortion of the adhesion
films is high. is held at in a range of abowtl 448) °Q and46PUAfos attimetin b henge of ateuar e
related to the thickness of the TiN ARC |ayer as explained by equation

3.1.2. The stress of th@ndudsdbhdsl MM]D) 4 AmPARRATREWHRFE thé@mpefafiirdfsi Ve
t hi ckness of the Al and TiN Arc |ayer and with the Young's nodul us of Al

f
being a ' constant, i A (G ATHTRHrkBRbe bR T MARGC BERLIAIoSh! €55 ™Y

be hovering in the regio t racture stress o
- 16 - ¢ The rough grain boundaries have been observed on
X- SEM ni crogr aphs of {HBPSHP€ni shes on the Ti N ARC | ayer. These nay be

related tgQ the _selecgtive intergranular c¢corrosi on, that have occurred
after theg'mat alﬁ‘éf‘@ °St°g€lé‘§§7‘a’ h»gqﬁfqr‘hif“f ‘Hﬁtaﬁﬁ’ﬁ psdorzmed,; gffé%@elgéqs After the
del ami nation of the TiN Arc, the underlying Al filmis exposed the anbient
environnent and is

a) forming a first insulating layer over semiconductor substrate, said first
insulating layer composed of BPTEOS:

b) forming a titanium layer over said first insulating layer ;

c) forming a TiN barrier layer over said titanium layer; said TiN barrier layer,
titaniu.m layer, said first insulating layer and said substrate comprising said
semiconductor structure.

9, The method of claim 7 which, before said metal layer is formed, further includes

a) forming a first insulating layer over semiconductor substrate, said first
insulating layer composed of BPTEOS;

b) forming a titanium layer over said first insulating layer ; said titanium layer,
said first insulating layer and said substrate comprising said semiconductor
structure.

10.  The method of claim 7 wherein said metal layer has a composition of a Si wt % in a range

of about 0.75 and 0.85 and a Cu wt % in a range of about 0.45 and 0.55,



susceptibl'e to corrosive attack. Segregates of CuAl2 in the grain boundafy ~

region is normally cathodic in nature with respect to th
anodic. Tnsitu stress process after netal etch enploy a mml“mumﬂm:ml
other gases and this may be the electrolyte to the localized & nbtet
galvanic cell in the grain boundarles regi ons.

The heat treatnent anneal (i.e., stress %kl ef anneal process) of the

t the st the Al/SI/Cu nptal |
na the A T HOF Syéxﬁgaﬁéim WA RN TR ARG %qpameesﬁwwrp%ﬁb@@% g of

the heat treat rrent correspond to three stress reljeving stages a
recovery (raMAltAsget Vi) plates jaid aete] treget B4 (RBehPMRTSRg Roovt O Ej’rf'aﬁ%’é

cycle (ranp down). The recovery stage (ranp up step) is designed to
produce st r and0md8itd 8:56 YeChand thebhinaedh. S8%Warle purii Al, treaputteningest fecfornied 4t hout
applied external stress). The second step of recrystallization produced

equai xed gr ahrfergofterhiésn abbR!s dng IS kM) bed waler Rinpaiatir€ofefVoen AbGut 440 ¥hd9
force for the new grains formation is the difference in internal energy

bet ween t he sphrai 151 Eia{ﬂﬁambi@rﬁtorf%g&q Rt aaﬁﬁ@é;urgro@b&%eépabw( 124 and BE-F 3L d

step (ranp down)’ e normal grain growh cycle.
voltage range between about 480 and 650 V, said me_tal is sputtered at a rate in a range of

between about 11,400 and 12,600 A/min.
12, The method of claim 7 which, before said metal layer is formed, further includes

a) forming a first insulating layer over semiconductor substrate, said first
insulating layer c.omposed of BPTEQS;

b) forming a titanium layer over said first insulating layer ;.

c) forming a TiN layer over said titanium layer; said TiN layer, titanium layer,
said first insulating layer and said substrate comprising said semiconductor
structure.

13. . A method of fabricating an defect free/reduced stress ARC TiN layer over and Aluminum

layer; comprising:

a) forming a metal layer composed of Al/Cu/Si at a temperature in a range of
about 495 and 515 °C on a semiconductor structure; said metal layer is
deposited by a sputter by bombarding a metal target with plasma, said metal

target can be an ingot comprising about 0.5 to 2.5 % Silicon and 0.45 to



-

-17- Wiile the invention has been particularly shown and
described with reference to the preferred enbodi nents there

understood by those skilled in the art that various changes |i "l“ﬂ Imlmcumllllll
details may be made wi thout departing fromthe spirit and scop®e df

i nvention CLAI M5 -18- 1.

nmet hod of fabricating an defect free/redued stress ARC conpri si ng:
a) formng a netal |ayer conposed of alum num on a sem conduct or

structure; 0.55 % Cu andh}he baldege9i %P9 %ArpuARCATIthe dpajteingdyer sai d net al
| ayer; c) perform ng a heat treatnent of said netal |ayer
and said ARC Ti N perftemed at an energy of between aboutcoanar i3kwitat bwae® steps: (1) a
ranp up step, (2) a hold step, and (3) a ranp down
step. 2. The E@Aﬂéﬁﬂnr@%fsét@ééﬁakomb%dls@ﬁ%d nh@gés dnfiit P AL dnur t her
conprises: (1) the ranp up step were the ténpefature 1s in reasedfrom

25 C C
ate ina range ofaholreadeRkBERe By & SEh olhuligr st op wihere t ne

tenperature is
np between about 480 and 650 V, said metal layer is sputtered at a rate in a range

of between about 11,400 and 12,600 A/min .

b)  depositing an ARC TiN layer over said metal layer;

¢)  performing a three step heat treatment of said metal layer and said ARC TiN
layer comprising (1) a ramp up step were the temperature is increased from
room temperature to a temperature between about 440 °C to 460 °C at a rate
in a range of about 40 and 50 °C/min, (2) a hold step where the temperature
is held at in a range of about 440 °C and 460°C for a time in a range of about
30 and 40 seconds, and (3) a ramp down step where the temperature is

ramped down a rate in a range of about 30 and 40 °C /minute to room

temperature.



held at in a range of about 440 [err]C and 460[err]C for a time in a range
of about 30 and 40 seconds, and (3) the ranp down step where the ’
tenperature is ranped down a rate in a range of about 30 and 40 [err]C
/mnute to 25 [err]C. 3. The nmethod of claim1 wherein said netal

| ayer is fornmed by sputtering nmetal conposed of Al/Cu/Si at a
tenperature in a range of about 495 and 5}?\,{1err]c on sai d sem conduct or
structure. 4, The nethod of claim1 erein said netal |ayer has a
conposition of a Si W %in a range of about 0.75 and 0.85 and a Cu wt
%in a range of about 0.45 and 0.55. Apstract

- 19 - thod of claim1l wherein, before said netal |ayer is
f or med, f&rﬁ?#?g“%’fwaﬂw STRESS | RRLIEE ANNPALING, BEATS EREATMENT FOBr ARS FEN (COVER
said first insulating | ayer conposed of BPTECS. 6. The met hod of

claim1l wherein said naiidht fré@yRént (fhnedpesdessid plyvided sipw tddatesByrefzoimfaandiing a

netal target with plasma, said netal target can be an ingot conprising

about 0.5 fhRr ¢nRuie having ARC TiN layer overlaying an aluminum layer formed in a high
temperature process. An metal layer 32 compose_d of Al/Cu/Si is sputtered at a temperature of
about 505°C on a semiconductor structure 10. Next, an .ARC TiN layer 34 is deposited over the
metal layer 32, In an important process, a heat treatment (anneal) is performed on the metal layer
32 and the ARC TiN layer 34. The heat treatment comprises three steps. First, a ramp up step
is performed wherein the temperature is increased from room temperature to a temperature of
about 450 °C at a rate of about 40 °C/sec. Second, a temperature hold step is performed where
the temperature is held at about 450 °C for a time of about 30 seconds. Third, a ramp down step
is performed where the temperature is ramped down at rate in a range of between about 8 and 10
°C /sec to room temperature. The heat treatment anneal of the present invention reduces the

stress between the ARC TiN and Al layers which eliminates any peeling and blemishing of the

ARC TiN layer.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)
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Siliconesand 0.45 to 0.55 % Cu and the bal ance 99. 999995 % purity Al,

sputtering is performed at an energy of between about 5 and 13 kW at a
waf er tenperature of between about 440 and 500 [err]C, in a gas anbient
of Argon and at a pressure of between about |E-3 and 3E-3 torr, voltage
range between about 480 and 650 V, said netal is sputtered at a rate in

a range of between about 11,400 and 12,600 A/ m n. 7. A net hod of
fabricating a defect free/reduced stress ARC Ti N | ayer over and Al un num

| ayer; conprising: eﬁﬁ’forning a netal |ayer conposed of
Al/Cu/Si by sputtering at a tenperature _ in a range of
about 495 and 515 [err]c on con T.rgctl ; b)
depositing an ARC Ti N | ayer "o fzber said ﬁ ?% Jﬁ Alﬁ& ' c)

performng a three step heat tredtnent ofA§a1 japtgl layer knd said ARC Ti N
| ayer conprising (1) a ranpﬁaf step were the enperature isjincreased from
roomtenperature to a terrpe g,tvaAn gﬁ@ltcél{401[)errd,€ 0460 [err]C at

arate 8 KA (metal single)

28+ 1.2 KA TiN
24— 400A Ti

20—l & KA BPTEOS

10\.——

FIG. 1

50—~ 300A TiN ARC 1

Al—-Si—Cu

-]

8 KA

48

44— 1 KA Ti

40—~ 10 KA TEOS

10—t

FIG. 2



- 20- ¢ in a range of about 40 and 50 CUmn, (2) a hold
step where the tenperature is held at in a range of
about 440 [err]C and 460[err]C for a tinme in a range of about

30 and 40 seconds, and (3) a ranp down step where the tenperature is
ranped down a rate in a range of about 30 and 40 [err]C /mnute to room

tenperature. 8. The nmethod of claim 7 which, before said netal |ayer
is formed, further includes a) formng a first
|nsulat|ng | ayer over semiconductor sypgtrate, said first

i nsul ating | ayer conposed of BPTECS: b) formng a
titanium | ayer over said first |nsulating | ayer; ' c)

forming a TiN barrier layer ogem éaqg t anijum fayer; R%ﬁﬁﬂ D Avwgrrier

| ayer, tltan ngv_*_§ak first 1nsulating | ayer and
sai d substrate conprising salc - V’sem conductor
structure. 9. - The ne@hoi of claim7 which, before said netal layer is
formed, further infYdR8 C a) forsng a first insulating

| ayer over sem conductor subgtrate, sayd first
insul ating | ayer conposed of | BPTECS;
titanium |l ayer over. sai dYfLirs$t insulating |layer; said ti
said first insulati'ff"Pay®r and said substrate conprising
sem conduct or structure.

formng a
nium | ayer,
aid

~ 30 sec ~ 50 sec
"\ I\

~ 25 °C { Y
11.25 41,25 91.25

Recovery R tal Grain
SCrystal=  Growth

|ization

Time (min)
53 void

TiN Arc[ =1 .-50
Al ——48
——44
BPSG —~—40

FIG. 4 — Prior Art



10.. . (The nmethod of claim7 wherein said netal |ayer has a conposition of a

S wt %in a range of about 0.75 and 0.85 and a Cu wt % in a range of
about 0.45 and 0. 55. -
21 - 11. The nethod of claim7 wherein said netal |ayer is deposited by a
sputter by bonbarding a nmetal target with plasma, said netal target is

an ingot conprising about 0.5 to 2.5 % Silicon and 0.45 to 0.55 % Cu and
t he bal ance 99. 999995 % purity AI,V&ng sputtering is performed at an
energy of between about 5 and 13 k t a wafer tenperature of between
about 440 and 500 [err]C, in a gas anmbient of Argon and at a pressure of
bet ween about 1E-3 and 3E-3 torr, vol t age range between about 480 and
650 V, said netal is sputtered at a rate in a range of bet ween about
11,400 and 12,600 A/ mn. 12. The met hod of claim 7 which, before said
metal layer is forned, further includes a) formng a
first insulating | ayer over sem conductor substrate, said first

i nsul ating | ayer conposed of BPTEGCS; ) forping a titanium
| ayer over said first insulating |ayer; c) forming a TiN
| ayer over said titaniumlayer; said TiN layer, #itaniu yer

said first insulating |ayer and said st rat e conpr]j saj

sem conduct or

TiN Arc
48— Al
Ti/Ti/TiN 44~ ]
40—_L BPSG 53 void

FIG. 68§ — Prior Art
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_structure. 13.° A nmethod of fabricating an defect free/reduced sg,reés ARC
Ti N | ayer’ over and Al um num | ayer; conpri sing: %358; 7Q)
forming a netal |ayer conposed of AI/Cu/Si at a tenperature’in a range of
about 495 and 515 [err]C on a sem conductor structure; said netal |ayer is
- deposited by a sputter by bonbarding a netal target with plasm, said netal
target can be an ingot conprising abott 0.5 to 2.5 % Silicon and 0.45 to
- 22 - 0.55 % Cu and the bal ance 99. 999995 % purity Al, the sputtering
IS performed at : t ' r
Wﬂleetﬂ@fnggmﬁﬁ g%g;eé\ggd?Fﬁm shewARSH de3cttdd vth rafelmte

tenperature of between about errJC, in a gas anbient of Argon

d at f bet b c 3 ;
bet een’ 4BUEPHEE-LmpELEG syt sbfes FRDOERY At W AR,
f bet bout 11,40 12, 600 ip. Ao d g
ARC.Ti N (e Byerm a3 Gy O s i Sevsiniyfie ot g SEPRA oot
treatment of said netal l|ayer and said ARC Ti N
invention.
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jI"—;t’yer‘ conprising (1) a rar’r’p'up' st'e'p" were the tenperature is increased from

roomtenperature to a tenqd H{h\lﬁ“ﬁﬂ“ﬁm bout 440 [err]C to 460 [err]C at
a rate in a range of ! | i err] ¢ min,. (2)—a—het-d—step where
el

the tenperature is heldigd "*n B ringe of aboyt RAAQCEMENT CHIRA
460[err]C for a tinme in a range of about 30 enqr"»ék@“s*ecvnm“,””&n (3) a
ranp down step where the tenperature is r anpdd |do ﬁg‘-ﬂfaitf}@i range
of about 6 ﬁ:déOjerr!C [m nute tolfoom t enfpdr at ifr ‘&
1. A method of fabricating an defect free/reduced stress ARC 'h ver 4 metal layer
comprising:

a) forming a metal layer composed of aluminum on a semiconductor structure;

b)  depositing an ARC TiN layer over said metal layer; .

c) performing a heat treatment of said metal layer and said ARC TiN lay;r
comprising three steps: (1) a ramp up step, (2) a hold step, and (3) a ramp
down step.

2. The method of claim 1 wherein said heat treatment further comprises: (1) the ramp up step
were the temperature is increased from 25°C to a temperature between about 440 °C to 460
°C at a rate in a range of abo_ut-~40 and 50 °C/min, (2) the hold step where the temperature is
held at in a range of about 440 °C and 460°C for a time in a range of about 30 and 40
seconds, and (3) the ramp down step where the temperature is ramped down a rate in a range

of about 30 and 40 °C /minute to 25 °C.

3 The method of claim 1 wherein said metal layer is formed by sputtering metal composed

of Al/Cu/Si at a temperature in a range of about 495 and 515°C on said semiconductor

structure.

4. The method of claim 1 wherein said metal layer has a composition of a Si wt % in a range

of about 0.75 and 0.85 and a Cu wt % in a range of about 0.45 and 0.55.



