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(57) Abstract: A structure comprising a layer of copper (1), a barrier layer (10), a layer of AlCu (9), and a pad-limiting layer (7),
wherein the layer of AlCu and barrier layer are interposed between the layer of copper and pad-limiting layer.
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ROBUST INTERCONNECT STRUCTURE
DESCRIPTION
Technical Field

The present invention relates to metal interconnects and more
particularly to a robust copper interconnect structure. The present

invention finds particular applicability for VLSI and ULSI copper

interconnects especially for packaging.
Background of Invention

Interest 1in using copper as interconnects in semiconductor devices
continues to 1lncrease since it possesses a lower resistivity and a reduced
susceptiblility to electromigration failure as compare to the more

traditional aluminum or aluminum alloy interconnects.

However, since copper has a tendency when used in interconnect
metallurgy to diffuse into surrounding dielectric materials such as
silicon dioxide, capping of the copper is essential. The capping inhibits
this diffusion. One widely suggested method of capping includes employing
a conductive barrier layer along the sidewalls and bottom surface of a
copper interconnect. Typical of such barrier layers is tantalum or

titanium. Capping of the upper surface of a copper interconnect usually

employs silicon nitride.

However, silicon nitride does not exhibit strong adhesion to copper

surfaces despite various adhesion treatments. 2Accordingly, the silicon

nitride-to-copper interface is susceptible to delamination under

conditions of mechanical loading.

For example, to assure package reliability, the C4 structural
integrity must be sound in order to survive the mechanical stresses that
the product experiences. Recent studies of C4 pads on copper
interconnections reveal relatively weak C4 structural integrity. Failures
arose durling rework and burn-in operations due to the inherently

relatively weak adhesion of the overlying silicon nitride cap to the

copper.
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Summary of Invention

According to one aspect of the invention there is provided a

structure comprising liayer of copper, a berrier layer, a layer of AlCu and
a pad-limiting layer, wherein the layer of AlCu and barrier layer are
interposed between the layer of copper and pad-limiting layer, and wherein
the barriex layer is located between the layer of copper and the layer of
AlCu providing a robust interconnection of the copper and the pad-limiting

layer.

The present embodiment provides for improved structural integrity of
copper interc¢onnects including C4 over copper BEOL. The present invention
provides for interconnect that is robust to mechanical stresses. The

layer of copper may be about 3.0 to about 2 um thick.

More particularly, the structure of the present invention comprises
a layer of copper, a pad limiting layer and a layer of AlCu and barrier
interposed bYetween the layer of copper and pad-limiting layer.

The present cmbodiment alsoc relates to an interconnect structure
comprising a layer of copper, a layer ¢of dielectric iscolation located over
the layer of copper and having a via to expose a portion of the laver of

copper, a barrier layer located in the via and over the layer of copper, a
layer of AlCu located over the barrier layer, and a pad-limiting layer

iocated over the laver of AlCu.
The barrier layer may overlap portions of the dielectric laver.
The layer o[ copper may be about 0.3 to about 2 um thick.
The capping layer may comprise silicon nitride.
The capping layer may be about 100 Lo about 1000;A thick.

The C4 contact bunp may be Sn-Fb solder.

The passivation layer may be selected from the group consisting of
silicon dioxide, silicon nitride, silicon oxynitride and ¢ombinations

thereof.

The passivation layer is about 1000 to about 9000 A thick.
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The dielectric may be a polymicde.

The pad-limited layer may be selected from a least one membexr from a
group consisting of titanium nitride, copper, geld, titanium tungsten.
chromium and c¢ombinations thereof.

The pad-limiting may comprise a TiW layer, followed by a CxrCu laver,
followed by a Cu layer.

The pacd-limiting layer may be selected from at least one member f£rom
the group consisting of titanium nitride, copper, gold, titanium tungsten,
chromium and combinations thereof.

The pad-limiting layer may comprise a TiW layer, followed by a CrCu
laver, followed by a Cu lavyex

Still other objects and advantages of the embodiment of the present
invention will become readily apparent by those skiiled in the art from
the following detailed description, wherein it is shown and describaed only
the preferrxed embodiments of the invention, simply by way of illustration
©of tThe best mode contemplated of carrving out the invention. As will be
realized the invention is capable of other and different embodiments, and
1ts several detalls are capable of modifications in various obvious
respects, without departing from the invention. Accordingly, the
description is to be regarded as illustrative in nature and not as

restrictive.

Brief Description of Drawings

Fig. 1 is a schematic diagram of a prior axt C¢ over Cu REOL

structure.

Fig. 2 is a schematic diagram of a C4 over Cu BEOL structure
according to the present invention.

Baest and Various Modes for Carrying Out Invention

in order to facilitate an understanding of the present invention,
reference will be made to the drawings.

AMENDED SHEET
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In particular, Fig. 1 is a schematic diagram of a prior art C4 over
Cu BEOL structure wherein a copper pad 1 is connected to a conductor 2 and
within an opening or via through an isolation region 3. Typically, a

barrier or liner layer (not shown) will be present on the sides and bottom

of the copper pad, between the conductor 2 and isolation region 3.

The 1solation region 3 is typically silicon dioxide. The copper

layer 1is typically about 0.3 to about 2 um thick and more typically about
0.5 to about 1.2 um thick.

A capping layer 4 such as silicon nitride is provided above the
copper layer. 1In the case of silicon nitride, it can be deposited by a
well known plasma enhanced chemical vapor deposition process (PECVD).
Such process involves introducing a silicon-bearing gas species such as
silane and a nitrogen-bearing gas species such as ammonia and/or nitrogen
in the presence of a plasma. Other silicon-bearing gas species include
disilane, dichlorosilane and tetraethylorthosilicate. Other
nitrogen-containing gas species include hexamethyldisilane. The

deposition of the silicon nitride is usually carried out at temperatures
of about 300 to about 450 C and more typically at temperatures of about 350

to about 400C. The layer 4 is typically about 100 to about 20,6000 A
thick, more typically for silicon nitride the layer is about 100 to about

1000 A thick, and even more typically about 350 to about 700 A thick for
silicon nitride.

A via or opening is present in the capping layer 4 to provide access

for subsequent interconnection to the C4 pad.

A passivation layer 5 is provided on top of the capping layer 4.
The passivation layer 5 also includes an opening or via to provide access
for subsequent interconnection with a C4 pad. Passivation layer 5 1is
typically silicon dioxide, silicon nitride, silicon oxynitride or
combinations thereof. In the case of silicon dioxide, the passivation
layer 5 can be deposited by well-known techniques such as by plasma
enhanced chemical vapor deposition. The preferred layer 5 is a
combination of silicon dioxide layer followed by a silicon nitride layer.

Typically, the thickness of layer 5 is about 1000 to about 9000 A.
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A dielectric layer 6 is provided above the passivation layer 5. The

dielectric layer 6 also includes an opening or via to provide access for

subsequent interconnection with a C4 pad.

The preferred dielectric layer 6 is a polyimide. Polyimides
suitable include unmodified polyimides, as well as modified polyimides,
such as polyesterimides, polyimide-imide-esters, polyimide-imides,
polysiloxaneimides, as well as other mixed polyimides. Such are well
known in the prior art and need not be described herein in any great
detail. The dielectric layer 6 is typically provided by coating with a
polyimide precursor and then converting to the cured polyimide by heating.
Commercially available polyimide precursors (polyamic acid) or various
polyimide precursors from DuPont are available under the trade designation
Pyralin. These polyimide precursors come in many grades, including those
avallable under the trade designations PI-2555, PI-2545, PI-2560), PI-5878,
PIH-61454 and PI-2540. Some of these are pyromelletic

dianhydride-oxydianiline (PMDA-ODA) polyimide precursors.

The dielectric layer 6 is typically about 0.4 to about 5 microns

thick and more typically about 10,000 to about 40,000 A thick.

In the art as currently practiced, located on top of copper 1 is the

pad-limiting metallurgy 7. The layer 7 is also present on the sidewalls

of the openings in capping layer 4, passivation layer 5 and dielectric

layer 6.

The pad-limiting metallurgy layer 7 is typically titanium nitride,
copper, gold, titanium tungsten, chromium, which can be deposited as
described in U.S. Patent 4,434,434 or U.S. Patent 5,629,564, disclosures
of which are incorporated herein by reference. Typically, a combination
of layers are used in the pad limiting metallurgy, a particular
combination being TiW followed by CrCu and then Cu. The TiW layer 1is
typically about 250 to about 2000 A thick. The CrcCu layer is typically
100 to about 2000 A thick. The Cu layer is typically about 1000 to 20,000

A thick. An in-situ sputter clean typically precedes the deposition of
the first metal.

A plated C4 pad or bump structure 8 connects directly to the pad

limiting layer 7 through the openings or vias in the dielectric layer 6,

passivation layer 5 and capping layer 4.
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The C4 contact bump structure 8 is mostly Pb-Sn solder and is
provided on integrated circuit chips for making interconnections to
substrates. The contact bump structure 8 is typically deposited on metal
layer 7 for enhanced adhesion. The C4 bump extends above the integrated
circuit chip by about 0.100 millimeters and is round or circular in
cross-section parallel to the plane of the upper surface of the integrated
circuit chip and is curved from its sides to the top surface of the bump

where an interconnection is made to another electrode supported by a
substrate.

During chip pull rework or post-burn-in, a normal or shear force is
exerted on the cap 4 overlying the copper 1. Due to poor adhesion, the
cap can crack and delaminate from the copper surface. This failure mode

renders the Cu interconnect technology less reliable for multichip module

applications and some single chip uses.

Pursuant to the present invention, as illustrated in Fig. 2, a layer
9 of AlCu and barrier 10 are provided between copper layer 1 and
pad-limiting layer 7. The AlCu layer typically contains about 96 to about
99.5 atomic % Al, and correspondingly about 4 to about 0.5 atomic % Cu.

The AlCu layer 9 is typically about 0.5 to about 1.2 microns. It can be
applied by well known sputtering techniques.

The barrier layer 10 is typically titanium, titanium nitride,
tantalum or tantalum nitride, or mixtures, combinations or alloys thereof.
In addition, often a combination of these barrier layers is employed, a

particular combination being TaN followed by Ti and then TiN. The TaN
layer is typically about 50 to about 1000 A thick. The Ti layer is 200 to
700 A thick. The TiN layer is 200 to 700 A thick. An in-situ sputter

clean typically precedes the deposition of the first metal.

According to preferred aspects of the present invention, the AlCu

layer 9 and barrier layer 10 extends above and overlaps passivation layer

>. Moreover, preferably its width is substantially equal to the width of
the copper layer 1.

Moreover, in a preferred configuration, the dielectric layer 6

overlaps the overlap portion of the AlCu layer 9 and pad-limiting layer 7

overlaps portions of dielectric layer 6.
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The AlCu and sarrier layers provide for a robust interconnection of
the Cu to the C4 pads. Tensile pull tests carried ocut demonstrated that
the structures according to the present invention reduced the defect rate

of 50-70% for prior art structures as shown in Fig. 1 to 0% for the
structures of the present invention.

The foregoing description of the invention illustrates and descripes

the present invention. Additiconally, the disclosure shows and describes
only the vreferred embodiments of the invention but, as mentioned above,
1t i1s to be understood that the invention is capable of use in various
othexr combinations, modifications, and environments and is capable oFf

changes oxr modifications within the scope of the inventive concept as
expressed herein, commensurate with the above teachings and/¢or the skill

or knowledge of the relevant art. The embodiments described hereinabove

are further intended to explain best modes known of practicing the
invention and to enable others skilled in the art to utilize the invention
in such, or other, embodiments and with the various modifications required
by the paxticular applications or uses of the invention. Ac¢cordingly, the
descripticn is not intended to limit the invention to the form disclosed
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WHAT IS CLAIMED:

1. An 1nterconnect structure, comprising: layer of copper, a barrier
layer, a layer of AlCu and a pad-limiting layer, wherein the layer of AlCu
and barrier layer are 1nterposed between the layer of copper and pad-
limiting layer, and wherein the barrier layer 1s located between the layer
of copper and the layer of AlCu proviliding an interconnection of the copper

and the pad-limiting laver.

2 . The 1interconnect structure of claim 1 wherein the layer of copper is

about 0.3 to about 2 um thick.

3. The 1nterconnect structure of claim 1 or 2 wherein the layer of AlCu

contains about 96 to about 99.5 atomic % of Al.

4 . The 1interconnect structure of claim 1, 2 or 3 wherein the laver of

AlCu 1s about 0.5 to about 1.2 microns thick.

5. The i1nterconnect structure of any one of claims 1 to 4 wherein the
barrier layer 1s selected from the group consisting of titanium, tantalum,

nitrides thereof, mixtures thereof, combinations thereof and alloys

thereof.

o . The 1nterconnect structure of any one of claims 1 to 5 wherein the

barrier layer is about 50 to about 1000 A thick.

7. The interconnect structure of any one of claims 1 to 6 wherein the

barrier layer 1s a combination of a TaN layer, a Ti layer and a TiN laver.

3 . The 1interconnect structure of claim 7 wherein the TiN layer is about
200 to about 700 A thick, the Ti layer is about 200 to about 700 A thick,
and the TaN layer is about 50 to about 1000 A thick.
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9. An interconnect structure comprising a layer of copper, a cappilng
layer located over the layer of copper and having a via to expose a
portion of the layer of copper, a barrier layer located 1in the via and
over the layer of copper, a layer of AlCu located 1in the via and over the
barrier layer, and a pad limliting layer located over the layer of AlCu

providing an interconnection of the copper and the pad-limiting layer.

10. The interconnect structure of claim 9 which further comprises C4

contact bump in contact with the pad limiting layer.

11. The interconnect structure of claim 9 or 10 which further comprises
a passivation layer located over the capping layer and having a via that

coincides with the via in the layer of isolation.

12. The interconnect structure of claim 11 wherein a portion of the

layer of AlCu extends above and overlaps the passivation layer.

13. The 1nterconnect structure of claims 11 or 12 wherein the layer of

the barrier layer extends above and overlaps the passivation layer.

14. The interconnect structure of any one of claims 9 to 13 wherein the

layer of AlCu has a width that 1s substantially equal to the width of the

layer of copper.

15. The 1nterconnect structure of any one of claims 9 to 14 wherelin the

barrier layer has a width that 1s substantially equal to the width of the

layer of copper.

lo. The interconnect structure of claims 11, 12 or 13 which further

comprises a dielectric layer located above the passivation layer.

17. The interconnect structure of claim 16 wherein the dielectric layer

overlaps the overlapping portion of the layer of AlCu.



CA 02368950 2010-01-13

9
18. The interconnect structure of claim 17 wherein the pad limiting
layer overlaps the dielectrie layer.
19. The interconnect structure of claim 18 wherein the barrier layer

overlaps portions of the dielectric layer.

20. The interconnect structure of any one of claims 9 to 19 wherein the

layer of copper is about 0.3 to about 2 um thick.

21. The interconnect structure of any one of claims 9 to 20 wherein

the layer of AlCu contains about 96 to about 99.5 atomic % of Al.

22. The interconnect structure of any cone of claims 9 to 21 wherein the

layer of AlCu 1s about 0.5 to about 1.2 microns thick.

23. The interconnect structure of any one of claims 9 to 22 whereiln the
barrier layer 1s selected from the group consisting of titanium, tantalum,
nitrides thereof, mixtures thereof, combinations thereof and alloys

thereof.

24 . The i1nterconnect structure of any one of claims 9 to 23 wherein the

barrier layer is about 50 to about 1000 A thick.

25. The interconnect structure of any one of claims 9 to 24 wherein the

barrier layer 1s a combination of a TaN layer, a Ti layer and a TiN

layer.

26. The interconnect structure of any one of claims 9 to 25 wherein
the TiN layer is about 200 to about 700 A thick, the Ti layer is about
200 to about 700 A thick, and the TaN layer is about 50 to about 1000 A
thick.

27 . The 1nterconnect structure of any one of claims 9 to 26 wherein

the capping layer comprises silicon nitride.
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28. The interconnect structure of claim 27 wherein the capping layer 1s
about 100 to about 1000 A thick.
29. The interconnect structure of claim 10 wherein the C4 contact
bump 1s Sn—-Pb solder.
30. The interconnect structure of any one of claims 11 to 13 wherein

the passivation layer 1s selected from the group consisting of silicon

dioxide, silicon nitride, silicon oxynitride and combinations thereof.

31. The interconnect structure of c¢laim 30 wherein the passivation layer

is about 1000 to about 9000 A thick.

32. The interconnect structure of any one of claims 16 to 18 wherein

the dielectric layer i1s a polyimide.

33. The interconnect structure of any one of claims 1 to 8 wherein the
pad-limiting layer is selected from at least one member from the group
consisting of titanium nitride, copper, gold, titanium tungsten, chromium

and combinations thereof.

34. The interconnect structure of any one of claims 1 to 8 wherein the
pad-limiting layer comprises a TiW layer, followed by a CrCu layer,

followed by a Cu layer.

35. The interconnect structure of any one of claims 9 to 32 wherein
the pad-limiting layer 1s selected from at least one member from the

group consisting of titanium nitride, copper, gold, titanium tungsten,

chromium and combinations thereof.

36. The i1nterconnect structure of any one of claims 9 to 32 wherein
the pad-limiting layer comprises a TiW layer, followed by a CrCu layer,

followed by a Cu layer.
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