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Background of the Invention
10 Aluminum is widely used for interconnects in

semiconductor devices. However, aluminum has been found to be
susceptible to a number of problems that may lead to device
failure. Component densities (number of components per '
substrate area within an integrated circuit) typically are

15 becoming higher as the size of components within a
semiconductor device become smaller. The higher component
density typically causes higher current densities in conductive
layers when the device is operating. The higher current density
generally results in an increase of device failure because of

20 electromigration, which is a current-induced mass transport that
is a function of current density and temperature of the device.
Pure aluminum has problems with electromigration. In addition
to electromigration, corrosion of the aluminum is a problem and
is usually caused by chlorine exposure to the aluminum in an

25 ambient including water, such as air exposure of an aluminum
layer immediate following a dry etching step using chlorine-
containing chemistry. '

In an attempt to solve the problems discussed above, an

element, such as silicon (Si), copper (Cu), nickel (Ni), or

30 chromium (Cr) has been added to aluminum to form alloys. In
reality, these alloys either do not solve all of the problems
previously discussed or cause other problems. Electromigration
is typically measured in terms of median-time-to-fail (MTTF) for
a given current density and temperature. At a current density of

35 about 4x106 amperes per square centimeter and a temperature of
about 175 degrees Celsius, the MTTF for Al-Cr is reported to be
about 830 hours and that of Al-Ni is reported to be only about
300 hours.
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2 In addition, many al um num all oys do not etch simlar to al um num and
require aggressive processing conditions that may attack other portions of

t he sem conduct or device, such as silicon dioxide. Therefore, new process
steps may need to be 5 devel oped. Al so, when the concentrations of sone of
the el enents in the alum num alloy becone& oo high, the resistance of the . _
conductive | ayer may be too high. 3 Summary of the Invention The present

i nvention includes a sem conductor device conprising a sem conduct or

substrate and a conductive Ia@&mﬁ}a!&vglfl%iengmgé}ﬁiaybstrate, wherein the
conductive |l ayer includes
The present invention includes a semiconductor device
comprising a semiconductor substrate and a conductive layer
5 overlying the substrate, wherein the conductive layer includes
aluminum, nickel, and chromium.
Other features and advantages of the present invention will
be apparent from the accompanying drawings and from the
detailed description that follows.



al um num nickel, and chromum O her features and advantages of the

present invention will be apparent fromthe acconpanyi ng drawi ngs and from
the detail ed description that follows. 4 Brief Description of the
Drawi ngs The present invention is illustrated by way of exanple and not

limtation in the figures of the accorrpany4ng drawings, in 5 which like ..
references indicate simlar elenents, and in which: FIG 1 includes a
cross-sectional view of a portion of a sem conductor substrate including a

transistor and field isolayg, | iorf 'df tife | DFAW a cross-sectional
view of the substrate of 1 t insulating |ayer
and contact plugs. FIG 3 includes a cross-sectional view of the substrate
of The present invention is illustrated by way of example and

not limitation in the figures of the accompanying drawings, in
5 which like references indicate similar elements, and in which:
FIG. 1 includes a cross-sectional view of a portion of a
semiconductor substrate including a transistor and field
isolation regions.
FIG. 2 includes a cross-sectional view of the substrate of
10 FIG. 1 after forming a first insulating layer and contact plugs.
FIG. 3 includes a cross-sectional view of the substrate of
FIG. 2 after forming a first interconnecting member.
FIG. 4 includes a cross-sectional view of the substrate of
FIG. 3 after forming a second insulating layer and via plugs.
15 FIG. 5 includes a cross-sectional view of the substrate of
FIG. 4 after forming a second interconnecting member.
FIG. 6 includes a plot of cumulative failures versus time for
aluminum-nickel-chromium, aluminum-silicon-copper, and
aluminum-copper layers.



FIG 2 after formng a first interconnecting nenber. FIG 4 includes a
cross-sectional view of the substrate of FIG 3 after formng a second
i nsulating | ayer and via plugs. 15 FIG 5 includes a cross-sectional
view of the substrate of FIG 4 after form ng a second interconnecting
menber. FIG 6 includes a plot of curmulati®e failures versus tine for ..
al um num ni ckel -chrom um al um num silicon-copper, and al um num copper
| ayers. 5 Detail ed Description of Enbodi nents An al um num ni ckel - copper

(Al-Ni-Cr) alloy layer %lé@?ﬁgé&riﬁﬁoh%ﬂ@%&ﬁheﬁspart of an

I nterconnect. The Al -N altoy rayer nas areratrvery | ow content of
ni ckel and chrom um Therefore, the AlI-Ni-Cr alloy |ayer nay be deposited

and et ched sim | apg oammy,gmirmﬂeép@ém,m{NWS@ﬁ) I&qw ﬂa?@ﬂtmﬁyeb%' so used

used as an interconnect or part of an interconnect. The AI-Ni-Cr

5 alloy layer has a relatively low content of nickel and chromium.
Therefore, the AI-Ni-Cr alloy layer may be deposited and etched
similar to conventional aluminum-based layers that are also used
for interconnects. The AI-Ni-Cr alloy layer has many benefits
including resistance to electromigration and corrosion. The use

10 and benefits of the AI-Ni-Cr alloy layer are better understood
with the embodiments described below.

Device Including an Al-Ni-Cr Layer
FIG. 1 includes a cross-sectional view of a portion of a

15 silicon substrate 10. Doped regions 11 act as source/drain
regions and lie adjacent to the primary surface of the substrate
10. Adjacent to the doped regions 11 are field isolation regions
12. Between the doped regions is a channel region 16. A gate
dielectric layer 13 overlies the channel region 16 and portions of

20 the doped regions 11, and a gate electrode 14 overlies the gate
dielectric layer 13. The gate electrode 14 typically includes a
silicon containing material, such as amorphous silicon,
polycrystalline silicon (polysilicon), and/or a refractory metal
silicide. Spacers 15 overlie the doped regions 11 and lie

25 adjacent to sides of the gate dielectric layer 13 and the gate
electrode 14. Process steps used to form the device at this
point in the process are conventional.

A first insulating layer 21 is formed over the substrate 10

as shown in FIG. 2. A first masking layer (not shown) is formed

30 over the first insulating layer. The first insulating layer 21 is
patterned to form contact openings to expose portions of one of
the doped regions 11 and the gate electrode 14. The width of the
openings are typically about 0.6 to 1.0 micron wide, although
other widths may be used. Other contact openings (not shown)

35 may be formed to other parts of the device. The first masking
layer is removed after the contact openings are formed.
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barrier layer. A first tungsten layer 24 is blanket deposited to a
thickness sufficient to fill the contact openings . Portions of the
first barrier/glue and first tungsten layers 23 and 24 overlying
the first insulating layer 21 are removed using a conventional
etching step, thereby forming the contact plugs 22.

A first interconnecting member 31 is formed over the first
insulating layer 21 as shown in FIG. 3. The first interconnecting
member 31 is formed by sequentially sputter depositing four
conductive layers and patterning those layers to form the first
interconnecting member 31. The first two layers form a second
barrier/glue layer 33 and is similar to the first barrier/glue
layer 23 except that the TiN layer is about 400 angstroms thick.
The third conductive layer 34 includes an aluminum-nickel-
chromium (Al-Ni-Cr) alloy typically having about 0.1-0.5 weight
percent nickel, about 0.02-0.1 weight percent chromium, and the
balance aluminum. The third conductive layer 34 is about 6000
angstroms thick. In other embodiments, the TiN layer of the
second barrier/glue layer 33 has a thickness between about 400-
800 angstroms, and the third conductive layer 34 has a thickness
typically between 1000-15,000 angstroms thick. The fourth
conductive layer is a first antireflective coating 35 that is a TiN
layer about 250 angstroms thick.

A second masking layer (not shown) is formed over the first
antireflective coating 35. The layers 33-35 are etched during a
single etch step to form the first interconnecting member 31.
Other first interconnecting members (not shown) are also formed.
The etching step is performed using at least one chlorine-
containing gas, such as molecular chlorine (Cl2), boron
trichloride (BCI3), and the like. Diluting gases, such as nitrogen,
helium, and the like, may also be used. The width of the first



point in the process are conventional. A first insulating layer 21 is

formed over the substrate 10 as shown in FIG 2. A first masking | ayer (not
shown) is forned 30 over the first insulating layer. The first insulating

| ayer 21 is patterned to form contact openings to expose portions of one of
the doped regions 11 and the gate el ectrod®d 14. The width of the openings . .
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5 typically longer than the width. The second masking layer is then
removed.
The first interconnecting member 31 is annealed at about
390 degrees Celsius for a time of about 30 minutes in an ambient
including nitrogen and hydrogen. In other embodiments, the
10 temperature may be between about 350-450 degrees Celsius, the
time may be between 10-100 minutes, and the ambient may
include only hydrogen, nitrogen, helium, or argon, or may include
a combination those gases.
A second insulating layer 41, a via opening, and a via plug
15 42 are formed over the first insulating layer 21 and the first
interconnecting member 31 as shown in FIG. 4. The via opening
and via plug 42 are formed similar to the contact openings and
contact plugs 22, respectively. The via plug 42 includes a third
barrier/glue layer 43 and a second tungsten layer 44 that are
20 similar to the first barrier/glue layer 23 and the first tungsten
layer 24, respectively. Other via openings (not shown) and via
plugs 42 (not shown) are also formed.
A second interconnecting member 51 is formed over the
second insulating layer 41 and via plugs as shown in FIG. 5. The
25 second interconnecting member 51 is formed similar to the first
interconnecting member 31. The second interconnecting member
includes four conductive layers. A fourth barrier/glue layer 53
includes a titanium and TiN layer similar to the second
barrier/glue layer 33. The second interconnecting member 51
30 also includes an intermediate layer 54 of Al-Ni-Cr similar to the
third conductive layer 34 and a second antireflective coating 55
made of a TiN layer similar to the first antireflective coating 35.
The four conductive layers are etched to form the second
interconnecting member 51 similar to the first interconnecting
35 member 31. Other second interconnecting members (not shown)
are also formed. The second interconnecting member 51 is



5 200 angstrons thick that acts as a glue layer and a titaniumnitride

(TiN) layer about 600 angstrons thick that acts as a barrier layer. A first
tungsten layer 24 is blanket deposited to a thickness sufficient to fil
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In forming the semiconductor device, other electrical

~connections or additional layers may be required. One skilled in

10 the art can determine whether other electrical connections or

- additional layers are needed.

Processing options are available in this embodiment. In one
option, more than one etching step may be performed to form the
first and second interconnecting members 31 and 51. In yet

15 another option, the annealing step following the formation of the
first interconnecting member 31 may be omitted if the annealing
step following the formation of the second interconnecting
member 51 is sufficient to anneal both the first and second
interconnecting members 31 and 51. Also, the annealing step

20 following the formation of the second interconnecting member 51
may be performed after the passivation layer 56 is formed rather
that before the passivation layer 56 is formed. In another
embodiment, the contact plugs 22 or the via plugs 42 do not have
to be separately formed. For example, after forming the via

25 . openings, the four layers that form the second interconnecting
member 51 are sputter deposited onto the second insulating layer
41 and within the via openings and etched to form the second
interconnecting member 51. Therefore, the first and second
interconnecting members 31 and 51 may contact each other.

30 Materials options also exist. Other semiconductor
materials such as germanium and gallium arsenide may be used
for the silicon substrate 10. Separate glue and barrier layers are
not needed for the glue/barrier layers 23, 33, 43, and 53. A
single layer may be used for one of the glue/barrier layers if the

35 single layer adheres to insulating, silicon, and metal layers and
helps to reduce adverse interactions between a metal-containing



angstrons thick. In other enbodinments, the Ti N layer of the second
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and the third conductive layer 34 has a thickness typically between
1000- 15, 000 angstrons thick. The fourth conductive layer is a first
antireflective coating 35 that is a TiN |afer about 250 angstroms thick. A __
second masking | ayer (not shown) is fornmed over the first 30

antireflective coating 35 The |ayers 33-35 are etched during a single etch
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5 performed by those skilled in the art. The antireflective coatings
may include silicon nitride, tungsten nitride, or the like.

Benefits of the Embodiments
Aluminum-silicon-copper (Al-Si-Cu), aluminum-copper (Al-
10 Cu) and Al-Ni-Cr layers were compared to determine their times
to failure. The Al-Si-Cu layer included about one weight percent
silicon and one weight percent copper, the Al-Cu layer included
about one weight percent copper, and the AI-Ni-Cr layer included
about 0.2 weight percent nickel and about 0.04 weight percent
15 chromium. The layers were patterned to with the same masking
layer and tested with a current density of about 4x106 amperes
per square centimeter and an ambient temperature of about 200
degrees Celsius.
FIG. 6 includes a graph of the cumulative failures (%) versus
20 time (hours) for the three layers. The MTTF for the Al-Si-Cu
layer was about 295 hours, and the MTTF for the Al-Cu layer is
about 990 hours. Unlike the AI-Si-Cu and Al-Cu layers, the Al-
Ni-Cr layer did not have any failures even after 2200 hours. If
the data obtained for Al-Ni-Cr layer is adjusted to 175 degrees
25 Celsius, the MTTF would be no less than about 20,000 hours.
Because no failures were seen with the AI-Ni-Cr layer after
2200 hours, the MTTF estimate of 20,000 hours may actually be
low. In any event, the Al-Ni-Cr layer should have an MTTF of at
least 2-20 times longer compared to the AI-Si-Cu, Al-Cu, Al-Ni,
30 and Al-Cr layers. Although the MTTF measurement is pattern
dependent, it is assumed that the pattern used for the Al-Ni and
Al-Cr layers described in the background section have patterns
similar to the AI-Ni-Cr layer.
The AI-Ni-Cr layer allows it to be used as an interconnect
35 because of its resistivity is similar to other aluminum alloys.
The AI-Ni-Cr layer resistivity of about 3.15 microohms-cm, the
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1688 ot a concern, even higher concentrations of nickel and

chromium may be used. If the concentration of the nickel and
chromium are too high, such as about 3 weight percent each, then
the Al-Ni-Cr layer may not etch similar to aluminum. Therefore,
each of the nickel and chromium concentration should not be
higher than about 0.5 weight percent.

Al-Cu and AI-Ni-Cr layers were etched using a chlorine-
containing plasma. Corrosion was evident with the AI-Cu layer
while no evidence of corrosion was found on the AI-Ni-Cr layer.
The AI-Ni-Cr layer is expected to be more corrosion resistant
compared to Al-Si-Cu, Al-Cu, and Al-Ni. Copper should not be
included in the AIl-Ni-Cr layer because copper may enhance its
corrosion.

Another benefit is the simplicity in which AI-Ni-Cr may be
incorporated into an existing process sequence. Depositing and
etching the AI-Ni-Cr is expected to be similar to depositing and
etching the Al-Si or Al-Si-Cu layers previously described. Other
than possibly the parameters previously described above,
virtually all other parameters for depositing and etching are
expected to be virtually the same for Al-Ni-Cr, Al-Si, and Al-Si-
Cu. The reason why the AI-Ni-Cr layer is expected to deposit and
etch similar to Al-Si and Al-Si-Cu is because the nickel and
chromium concentrations are low (no greater than about 0.5 and
0.1 weight percent, respectively).

In the foregoing specification, the invention has been
described with reference to specific embodiments thereof.
However, it will be evident that various modifications and
changes can be made thereto without departing from the broader
spirit or scope of the invention as set forth in the appended
claims. Accordingly, the specification and drawings are to be
regarded in an illustrative rather than a restrictive sense.
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P orconnect i ng B (. B15"BledVifig” a°SehfbBRuctti°siBSHate (10)
and a passivation layer (56) overlying the interconnecting
member (31, 51), wherein the interconnecting member (31,
51) is characterized such that:
10 the interconnecting member (31, 51) includes a conductive
layer (34, 54);
the conductive layer (34, 54) extends along all of the
interconnecting member (31, 51) and includes an
alloy; and
15 the alloy includes aluminum, nickel, and chromium, but no
silicon.

po

2. The semiconductor device of claim 1, characterized such that
20 the conductive layer (34, 54) includes at least 99 weight
percent aluminum, between about 0.2-0.5 weight percent
nickel, and between about 0.02-0.1 weight percent
chromium.

25 3. The semiconductor device of claim 1, further characterized by:
a glue layer (33, 53) underlying the conductive layer
a barrier layer (33, 53) lying between the glue (33, 53) and
conductive layers (34, 54); and
an antireflective coating (35, 55) overlying the conductive
30 layer (34, 54).
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8 anT e o the first interconnecting menber 31. A passivation
| aye ﬂﬂmﬂl’ﬂtﬂf&ﬂé er the second interconnecting ne
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specification, the passivation layer is one 5 or nore | ayer REPOAGHY over
the uppernost interconnecting level. Theréfdre, no int ercommecting [ayers
are formed on the passivation layer. In formng the sem conductor device,

ot her electrical connections or additional |ayers may be reqU|red One
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formthe first anduirtrtd (TOR' aANIRIANSg "Ryee @114a)dovdryihg Y5
conductor (11, 14, 23, 24, 31, 43, 44) and including an
5 opening, wherein at least a portion of the conductor (11,
14, 23, 24, 31, 43, 44) underlies the opening; an
interconnecting member (31, 51) overlying the insulating
layer (21, 41) and electrically connected to the conductor
(11, 14, 23, 24, 31, 43, 44); and a passivation layer (56)
10 overlying the interconnecting member (31, 51), wherein the
interconnect member (31, 51) is characterized such that:
the interconnecting member (31, 51) includes a conductive
layer (34, 54) ;
the conductive layer (34, 54) extends along all of the
15 interconnecting member (31, 51) and includes an
alloy; and
the alloy includes at least 99 weight percent aluminum,
about 0.1-0.5 weight percent nickel, and about 0.02-
0.1 weight percent chromium, but no silicon; and
20 a portion of the conductive layer (34, 54) overlies the
insulating layer (21, 41) and another portion of the
conductive layer (34, 54) overlies the opening of the
insulating layer (21, 41) or lies within the opening of
the insulating layer (21, 41).

25
5. The semiconductor device of claim 4, further characterized by:
a glue layer (33, 53) underlying the conductive layer
a barrier layer (33, 53) lying between the glue (33, 53) and
conductive layers (34, 54); and
30 an antireflective coating (35, 55) overlying the conductive
layer (34, 54).
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is forned rather that before the passivation layer 56 is forned. In another

enbodi ment , lgle AoséMsorduitor device \ditising HOgoAducor Hat18V8 d6hed
separately fornmed. For e@a@r’&)l e, aftﬁr formng . the via openi ngs, e .
four layers that ff6GIRR H¥INGRRAIN the, seAHeeRdUGtarefHbBtrale of1d)sput t er

and ot ched To for i be temond i oo Are e, e &, e e
flrst and second [HULRLDAAERAPFLIT4) ovardng” B16 ubstefiendt ' bash 8t ner.
30 S5Mat er i almetglt¢antainihgonernber (@324 58, c48dud4)ooverlying ahe such
as ger mani um and qalddiReal PO 4R RIS SBYel ofo1, 815 biGMngURRL T ate 10
Separate glue and barrier [ayérsS are i )
conductor (11, 14, 23, 24, 31, 43, 44) and including an
opening, wherein at least a portion of the conductor (11,
14, 23, 24, 31, 43, 44) underlies the opening; a plug (23, 24,
10 43, 44) within the opening, wherein the plug is a contact
plug (23, 24) or a via plug (43, 44); an interconnecting
member (31, 51), wherein a portion of the interconnecting
member (31, 51) overlies the insulating layer (21, 41) and
another portion of the interconnecting member (31, 51)
15 overlies the plug (23, 24, 43, 44); and a passivation layer
(56) overlying the interconnecting member (31, 51),
wherein the interconnecting member (31, 51) is
characterized such that:
the interconnecting member (31, 51) includes a conductive
20 _ layer (33, 53) that extends along all of the
interconnecting member (31, 51); and
the conductive layer (33, 53) is an alloy that consists of
aluminum, nickel, and chromium and has at least 99
weight percent aluminum, 0.1-0.5 weight percent
25 nickel, and 0.02-0.1 weight percent chromium; and
the interconnecting member (31, 51) is electrically
connected to the conductor (11, 14, 23, 24, 31, 43,
44).

i



not needed for the glue/barrier layers 23, 33, 43, and 53. A single |ayer
may be used for one of the glue/barrier layers if the 35 single |ayer
adheres to insulating, silicon, and netal |ayers and hel ps to reduce
adverse interactions between a netal-contthing 9 |ayer and a
silicon-containing |layer. Refractory nmetal's; such as tantalum tungsten,
cobalt, nolybdenum and the like and their silicides my be used as gl ue
and/ or barrier layers. The selection of proper materials for glue/barrier

| ayers may be 5 perforned by tSEMICONDUCTDRDEVIEEart. The antireflective
coatings may include silicon nitride, tungsten nitride, or the |iKke.
Benefits of the Enbodi nents Al um numsilicon-copper (Al -Si-Cu),

al um num copper (Al - 10 Cu) aibstraci -ofr thewBisclegure conpared to determ ne

their tinmes to failure. The Al -Si-Cu |l ayer included about one wei ght

per cent . . . .
An aluminum-nickel-chromium (Al-Ni-Cr) layer (34) is used

as an interconnect (31) within a semiconductor device. The Al-
Ni-Cr layer (34) has about 0.1-0.5 weight percent nickel and
about 0.02-0.1 weight percent chromium. Usually, the nickel or
chromium concentrations are no greater than 0.5 weight percent.
10 The layer (34) is resistant to electromigration and corrosion.
The low nickel and chromium concentrations allow the layer (34)
to be deposited and patterned similar to most aluminum-based
layers.
FIG. 3 accompanies this abstract.



silicon and one wei ght percent copper, the Al-Cu | ayer included about one

wei ght percent copper, and the AI-N -C |ayer included about 0.2 weight

percent nickel and about 0.04 weight percent 1 5 chromum The |ayers were

patterned to with the same nmasking | ayer and tested with a current density

of about 4x10[err] anperes per square centineter and an anbient tenperature -

of about 200 degrees Celsius. FIG 6 in‘r:‘:i/#des a graph of the cunul ative

failures (% versus 20 tine (hours) fo he three | ayers. The MITF for the
h .

Al -Si -Cu ’:’f was about 295 hours, and,}he;MITF for the Al-Cu | ayer
about 990 bl i ke the Al-Sijgu ang” A | ayers, the Al - Dk a?'ﬂ»-
di d not g’ 2 'Iures even after 00 Tpx 32 1 f the data 7’ 0
Al -Ni -Cr Y 4y } phe-t-e-a—t-0 5 ddghges ISl ) Cgl si us he- M P X KeIno
| ess than 2 o’(e‘i'o hours. IBecause fio4f &l ures wkle seen IKYD /
Al -N -C Ny aiatr 2200hours, s estimateof—26990 how oy

oWw. In any event, the AL - o | ayer shoul d have an Mr<ef at

actual ly pe
| east 2-20 tines |onger conpared to the Al-Si-Cu, A -Cu, A-N,

FIG.1
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30 and Al -Cr layers. Although the MITF neasurenent is pattern dependent,
It is assuned that the pattern used for the AI-N and Al -Cr | ayers
described in the background section have patterns simlar to the Al-N -Cr
| ayer. The AI-Ni-Cr layer allows it to be used as an interconnect 35
because of its resistivity is simlar to other alum numalloys. The

Al-Ni -Cr layer resistivity of about 3. 1%; croohns-cm the 10 A-Cu

| ayer has a resistivity of about 3.1 n1c/oohns cm ot he Al -Si-Cu | ayer
has a reS|st|V|ty of about 3.35 microohns cn143f t nickel or chron1um
concentrat aTeUTeate ettt ,““L, i
Al-N-Cr [fa At B M clkel /and r oM conte
resistiviy S ot A condgry, gved hyrighér :nggr
chrom um ey Me 356. f /pe ongenif apl oA of

4 e
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chromium are too high, such as about 3 weight percent each, then the
Al-Ni -Cr layer may not etch simlar to alumnum Therefore, 1 0 each of the
ni ckel and chrom um concentrati on should not be higher than about 0.5
wei ght percent. Al-Cu and Al-Ni-Cr | ayers were etched using a chlorine-
contai ning plasma. Corrosion was evident with the Al-Cu | ayer while no .
evi dence of corrosion was found on the AI-N-C layer. 1 5 The AI-N-C
| ayer is expected to be nore corrosion rggistant conpared to A -Si-Cu,
Al -Cu, and Al -N . Copper should not be included in the Al-N-Cr | ayer
because copper may enhance its corrosion. Another benefit is the sinplicity
in which Al-N -Cr may Qggég i ncorporated into an existing process
sequence. Depositing a tiching the AI-Ni-Cr is expected to be simlar to
depositing and etching é@g_Al -Si or Al-Si-Cu layers previously described.
O her than possibly the parlaneters previously descri virtual ly
all other paraneters fo'rb\pggpositi ng and etching ar ed to be -
virtually the same for Ni -Cr, Al -Si ’Algg?j-@lu Si
95
90-
801
CUMULATIVE  70-
FAILURES (%) sp-

30-
20+

Al—-Ni—Cr

TEST TERMINATED
AT 2200 HOURS.
NO FAILURES.

.01 { 1 lllllll 1 ¥ Illllll L
10 100 1000 2200
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Cu. The’'reason why the Al -Ni 'CTTHIQWEET d to deposit _and etch
simlar.to_A-Si_and Al - SI-CU ﬁfﬁ:ﬁ kel a HEHEMENT HERT
concentrations are | ow (no greater out 5 and W rirrhi,
respect In the for egO| ng, speci f i cation, nvent | on as
beeP\ dimmmu Im ml uﬂerence to speci f?l: enbodi nent sj th B@ob gr,| it
will be evideht Yhat various nodi fications and changep can be made thereto
wi t hout departing fromthe broader spQlaimsr scope of the invention as |set
forth in the appended 35 clains. Accordingly, the s ion and
drawings are to be regarded in an illustrative rather than a restrictive

sense. a ki Assemicanduaior dauigetcamprisinge conpri si ng:

a substrate; 5

an interconnecti ngsgpstRge; overlying the substrate, wherein:

5 an interconnecting member overlying the substrate, wherein:
the interconnecting member includes a conductive layer;

the conductive layer includes an alloy;

the alloy includes aluminum, nickel, and chromium, but no

silicon; and

10 the conductive layer extends along all the interconnecting

member; and

a passivation layer overlying the interconnecting member.

2. A process for forming a semiconductor device comprising the steps of:
15 depositing a conductive layer over a substrate, wherein:

the conductive layer includes an alloy; and

the alloy includes aluminum, nickel, and chromium, but no

silicon; and

patterning the conductive layer to form an interconnecting member,
20 wherein the conductive layer extends along all the

interconnecting member; and

forming a passivation layer overlying the interconnecting member.

3. The semiconductor device of claim 1 or the process of claim 2, wherein
. 25 the conductive layer includes at least 95 weight percent aluminum,
no more than 0.5 weight percent nickel, and no more than 0.5

Y’

weight percent chromium.

4. The semiconductor device of claim 1 or the process of claim 2, wherein
30 the conductive layer includes at least 99 weight percent aluminum,

between about 0.1-0.5 weight percent nickel, and
0.02-0.1 weight percent chromium.

between about

5. The semiconductor device of claim 1 or the process of claim 2, wherein
35 the alloy consists of aluminum, nickel, and chromium.

This Sheet Has
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t he lnter_-c_c')_rTﬁ—é_c't i_'ﬁg—rrenber I nc ?SSSQ ﬁﬁ"‘ﬁ IayeREW E - hJ _
IayerJuﬂl Im the alll'o 'ﬁﬁf g atung num{ rli ckel , and chijomi um
but n , H’ﬂﬁi mm“" PI L%@E ucti | ayler eQOHRE 19870n |1

t he i nt'er éonhecti ny rfenber; and a passi Ygtlon | ayer qvdrlying the _

I nt erconnecting nenber. 2. The sem conducCt or device ﬁf claim1, whereim the
conductive | ayer 15 I ncl udes at | east 95 weig no

nore than 0.6 JBegemigenducier deviee of claira hor iherprocesmohclaim@, winerginr cent
chromum 3. The tﬁgr{h@g&%fécqh}qﬁgmggr At ra:,'di‘ﬁﬂﬂse‘é’“er ein the conductive

| ayer 20 | ude wel percent al um num between about
0.1- 0.5 weight p% @Hfﬁrﬁﬁygk‘éﬂ erhﬂ'ﬂﬂ %@Pﬁgbﬂ PepinR otthgcanductiee iaverper cent
chromum 4. The sem cmmiuctor deV| ce of claim1, wherein the aI I oy

oo ce! oLy 29 m RO BB B 8 BHn B SRR
layer.

7. The semiconductor device or process of claim 6, wherein the
interconnecting member further comprises a glue layer underlying
10 the barrier layer.

8. The semiconductor device or process of claim 7, wherein:
~ the glue layer includes titanium;
the barrier layer includes titanium nitride; and
15 the antireflective coating includes titanium nitride.

9. The semiconductor device of claim 1, 3, 4, 5, 6, 7, or 8, further
comprising:
a conductor selected from a group of a doped region lying within a
20 semiconductor substrate, a gate electrode overlying the
substrate, a silicon-containing electrode overlying the
substrate, and a metal-containing member overlying the
substrate;
an insulating layer overlying the conductor and including an
25 opening, wherein at least a portion of the conductor is
exposed beneath the opening;
a conductive plug within the opening, wherein the conductive plug
electrically connects the conductor to the interconnecting
member.

'\‘/

30
10. The process of claim 2, 3, 4, 5, 6, 7, or 8, further comprising steps of:
forming a conductor selected from a group of a doped region lying
within a semiconductor substrate, a gate electrode overlying
the substrate, a silicon-containing electrode overlying the
35 substrate, and a metal-containing member overlying the
substrate;
forming an insulating layer overlying the conductor;

1This Sheet Has Been Replac
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{rﬁgber fg gmﬁ QEW!I ses a bdr .ﬁ_“grs# %BEEN' |yir2fl
ove portion t he EP Clive—-Haydr.

devi ce of claim5, wherein the inter coq@e_ctl ng 35
conprises a glue layer underlying the barrier Iayer.

sem conduct or device Qf clajm 6,

the barrier |ayePaltReling e msumn

REPLACEMENT SHEET
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e ing -
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erein: the glue ta
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gate el ectrode overI y depositing the conductive layer.
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10 -..___Substrate, a silicon-containing electrode] .
substrate “and a met-at-cont ai ni ng nenber overlying the s dm E‘ﬁ'ﬁ SHEET

i nsul ati ng m t he conductor and including gn
at |least a ﬂ mﬂ@m"@[y{onduct or is.4p- ~eXpd

opening; a conducti wi thin the opening, wherein tjh

openi Ng, W

sed sPpajog t |

conduct [ ve pl

e
u

electrically connects the conductor to the interconnectijng—mefber—20-9. | A
process for formng a sem conductor device according tojany preceding
claim the process conprising the ste itls depositing the conductrve—teayer
over the substrate; patterning the co ve layer to formthe

i nterconnecting menber; and 25 form ng the passivation |ayer

~overlying thg Ar%@ﬁm@naastbraavi&er&m prisify: The process of ¢
conprising steps of

laim9, furthe

an interconnecting member overlying the substrate, wherein:
the interconnecting member includes a conductive layer;

the conductive layer includes an alloy;

the alloy includes aluminum, nickel, and chromium, but no

silicon; and

10 the conductive layer extends along all the interconnecting

member; and

a passivation layer overlying the interconnecting member.

2. The semiconductor device of claim 1, wherein the conductive layer
15 includes at least 95 weight percent aluminum, no more than 0.5
weight percent nickel, and no more than 0.5 weight percent

chromium.

3. The semiconductor device of claim 1, wherein the conductive layer

20 includes at least 99 weight percent aluminum, between

about 0.1-

0.5 weight percent nickel, and between about 0.02-0.1 weight

percent chromium.

4. The semiconductor device of claim 1, wherein the alloy con
25 aluminium, nickel, and chromium.

sists of

5. The semiconductor device of claim 1, wherein thé interconnecting

member further comprises:

a barrier layer underlying at least a portion of the condu
30 and

ctive layer;

an antireflective coating overlying at least a portion of the conductive

layer.

6. The semiconductor device of claim 5, wherein the interconnecting
35 member further comprises a glue layer underlying the barrier layer.

r

orm ng a conduct or” sel ected froma group of a doped
region |lying wi t H '3 LR conduct or subst rate, a gate el ectrode overlying
5



30 si li con-containing el ec RERLAGEL@NT S}EE’[Fe
substrat e, and’ ﬂﬂ m immj 'ﬂ g nenber overlying the pupstrate;—formmn

an insulating | ayer ove he conductor; patterning| thepni
| ayer to form an opening that exposes. ¢ .35 I agt'?gﬁgg'fgw

t he conductor; and -13 - formng a conductive plug wt
before the step of depositing the conductive |ayer.

7. The semiconductor device of claim 6, wherein:
the glue layer includes titanium;
the barrier layer includes titanium nitride; and
5 the antireflective coating includes titanium nitride.

8. The semiconductor device of any preceding claim, further comprising:
a conductor selected from a group of a doped region lying within a
semiconductor substrate, a gate electrode overlying the
10 _ substrate, a silicon-containing electrode overlying the
substrate, and a metal-containing member overlying the
substrate;
an insulating layer overlying the conductor and including an
opening, wherein at least a portion of the conductor is
15 exposed beneath the opening;
a conductive plug within the opening, wherein the conductive plug
electrically connects the conductor to the interconnecting
member.

20 9. A process for forming a semiconductor device according to any
preceding claim, the process comprising the steps of:
depositing the conductive layer over the substrate;
patterning the conductive layer to form the interconnecting member;
and
25 forming the passivation layer overlying the interconnecting member.

10. The process of claim 9, further comprising steps of:
forming a conductor selected from a group of a doped region lying
within a semiconductor substrate, a gate electrode overlying
30 the substrate, a silicon-containing electrode overlying the
substrate, and a metal-containing member overlyi'ng the
substrate;
forming an insulating layer overlying the conductor;
patterning the insulating layer to form an opening that exposes at
35 least a portion of the conductor; and
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forming a conductive plug within the opening before the step of
depositing the conductive layer.



