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(54) A SEMICONDUCTOR INTERCONNECT STRUCTURE AND MANUFACTURING METHOD 
THEREOF

(57) A semiconductor interconnect structure and its
manufacturing method are presented. The manufactur-
ing method includes: providing a substrate structure,
wherein the substrate structure comprises: a substrate;
a first metal layer on the substrate; a dielectric layer on
the substrate, wherein the dielectric layer covers the first
metal layer, and wherein the dielectric layer has a hole

extending to the first metal layer; and a hard mask layer
on the dielectric layer; removing the hard mask layer on
the dielectric layer; selectively depositing a second metal
layer at the bottom of the hole; and depositing a third
metal layer, wherein the third metal layer fills the hole.
This semiconductor interconnect structure provides im-
proved reliability over conventional structures.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and benefit of
Chinese Patent Application No. 201610512830.1 filed on
July 1, 2016.

FIELD OF THE INVENTION

[0002] The present invention relates generally to sem-
iconductor technology, and more specifically to a semi-
conductor interconnect structure and its manufacturing
method.

DESCRIPTION OF RELATED ARTS

[0003] Establishing a reliable inter-layer connection in
semiconductor devices is an increasingly challenging
problem due to reduction of critical dimension.
[0004] Fig. 1 shows a diagram of a conventional sem-
iconductor interconnect structure. In this structure, after
a through-hole and a trench are filled with a metal 101,
one or more cavities 104 may be formed between a first
metal layer 102 and a dielectric layer 103. The cavities
104 may cut off the inter-layer connection, thus reducing
the liability of the interconnect structure.

SUMMARY

[0005] It is an object of the present invention to provide
a new semiconductor interconnect structure and a meth-
od for manufacturing the same which can provide im-
proved reliability.
[0006] The object is achieved by the features of the
respective independent claims. Further embodiments
are defined in the respective dependent claims.
[0007] A first aspect of the present invention provides
a method of manufacturing a semiconductor interconnect
structure, comprising: a substrate; a first metal layer on
the substrate; a dielectric layer on the substrate, wherein
the dielectric layer covers the first metal layer, and where-
in the dielectric layer has a hole extending to the first
metal layer; and a hard mask layer on the dielectric layer;
removing the hard mask layer on the dielectric layer; se-
lectively depositing a second metal layer at the bottom
of the hole; and depositing a third metal layer, wherein
the third metal layer fills the hole.
[0008] Preferably, the hard mask layer is removed by
a wet etching method.
[0009] Preferably, the wet etching method uses one or
more of the following agents as etching agent: hydrogen
peroxide, diluted hydrofluoric acid, sulfuric acid, hydro-
chloric acid, and ammonium hydroxide.
[0010] Preferably, before the third metal layer is
formed, a barrier layer is formed on the hole.
[0011] Preferably, before the third metal layer is
formed, a crystallized layer is formed on the barrier layer.

[0012] Preferably, the barrier layer is made of tantalum
nitride (TaN), tantalum (Ta), or a multi-layer structure
comprising tantalum nitride (TaN) and tantalum (Ta).
[0013] Additionally, the aforementioned method fur-
ther comprises: applying a planarization process on an
upper surface of the third metal layer, so that the upper
surface of the third metal layer and an upper surface of
the dielectric layer are at the same horizontal level after
the planarization process.
[0014] Preferably, the first metal layer and the third
metal layer are both made of copper (Cu), the second
metal layer is made of cobalt (Co).
[0015] Preferably, the width of the hole is 30-100 nm,
the depth of the hole is 100-300 nm.
[0016] Preferably, the hole is formed by a Damascene
or Dual-Damascene fabrication process.
[0017] Preferably, the hard mask layer comprises:a sil-
icon carbonitride layer on the dielectric layer outside the
hole; a low-K dielectric layer on the silicon carbonitride
layer; a tetraethyl orthosilicate (TEOS) layer on the low-
K dielectric layer; an octamethyl cyclotetrasiloxane (D4)
layer on the tetraethyl orthosilicate layer; and a titanium
nitride (TiN) layer on the octamethyl cyclotetrasiloxane
(D4) layer.
[0018] A second aspect of the present invention pro-
vides a semiconductor interconnect structure, compris-
ing: a substrate; a first metal layer on the substrate; a
dielectric layer on the substrate, wherein the dielectric
layer covers the first metal layer, and wherein the dielec-
tric layer has a hole extending to the first metal layer; a
second metal layer on the first metal layer at the bottom
of the hole; and a third metal layer on the second metal
layer, wherein the third metal layer fills the hole.
[0019] Preferably, the aforementioned structure fur-
ther comprises: a barrier layer between the second metal
layer and the third metal layer, and between the third
metal layer and the dielectric layer.
[0020] Preferably, the aforementioned structure fur-
ther comprises: a crystallized layer between the third
metal layer and the barrier layer.
[0021] Preferably, in the aforementioned structure, the
barrier layer is made of tantalum nitride (TaN), tantalum
(Ta), or a multi-layer structure comprising tantalum nitride
(TaN) and tantalum (Ta).
[0022] Additionally, in the aforementioned structure,
the first metal layer and the third metal layer are both
made of copper (Cu), the second metal layer is made of
cobalt (Co).
[0023] Preferably, in the aforementioned structure, the
width of the hole is 30-100 nm, the depth of the hole is
100-300 nm.
[0024] Preferably, in the aforementioned structure, the
hole is formed by a Damascene or Dual-Damascene fab-
rication process.
[0025] A semiconductor interconnect structure accord-
ing to the second aspect of the present invention may be
obtained by a method according to the first aspect of the
present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 shows a diagram of a conventional semicon-
ductor interconnect structure.

Fig. 2 shows a flowchart that illustrates a method of
manufacturing a semiconductor interconnect struc-
ture in accordance with one or more embodiments
of this inventive concept.

Figs. 3A, 3B, 3C, 3D, and 3E show diagrams depict-
ing different stages of a method of manufacturing a
semiconductor interconnect structure in accordance
with one or more embodiments of this inventive con-
cept.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] Example embodiments of the inventive concept
are described with reference to the accompanying draw-
ings. As those skilled in the art would realize, the de-
scribed embodiments may be modified in various ways.
Embodiments may be practiced without some or all of
these specified details. Well known process steps and/or
structures may not be described in detail, in the interest
of clarity.
[0028] The drawings and descriptions are illustrative
and not restrictive. Like reference numerals may desig-
nate like (e.g., analogous or identical) elements in the
specification. To the extent possible, any repetitive de-
scription will be minimized.
[0029] Relative sizes and thicknesses of elements
shown in the drawings are chosen to facilitate description
and understanding, without limiting the inventive con-
cept. In the drawings, the thicknesses of some layers,
films, panels, regions, etc., may be exaggerated for clar-
ity.
[0030] Embodiments in the figures may represent ide-
alized illustrations. Variations from the shapes illustrated
may be possible, for example due to manufacturing tech-
niques and/or tolerances. Thus, the example embodi-
ments shall not be construed as limited to the shapes or
regions illustrated herein but are to include deviations in
the shapes. For example, an etched region illustrated as
a rectangle may have rounded or curved features. The
shapes and regions illustrated in the figures are illustra-
tive and shall not limit the present invention.
[0031] Although the terms "first," "second," etc. may
be used herein to describe various elements, these ele-
ments shall not be limited by these terms. These terms
may be used to distinguish one element from another
element. Thus, a first element discussed below may be
termed a second element without departing from the
teachings of the present inventive concept. The descrip-
tion of an element as a "first" element may not require or
imply the presence of a second element or other ele-

ments. The terms "first," "second," etc. may also be used
herein to differentiate different categories or sets of ele-
ments. For conciseness, the terms "first," "second," etc.
may represent "first-category (or first-set)," "second-cat-
egory (or second-set)," etc., respectively.
[0032] If a first element (such as a layer, film, region,
or substrate) is referred to as being "on," "neighboring,"
"connected to," or "coupled with" a second element, then
the first element can be directly on, directly neighboring,
directly connected to or directly coupled with the second
element, or an intervening element may also be present
between the first element and the second element. If a
first element is referred to as being "directly on," "directly
neighboring," "directly connected to," or "directly coupled
with" a second element, then no intended intervening
element (except environmental elements such as air)
may also be present between the first element and the
second element.
[0033] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper," and the like, may be used
herein for ease of description to describe one element or
feature’s spatial relationship to another element(s) or fea-
ture(s) as illustrated in the figures. It will be understood
that the spatially relative terms may encompass different
orientations of the device in use or operation in addition
to the orientation depicted in the figures. For example, if
the device in the figures is turned over, elements de-
scribed as "below" or "beneath" other elements or fea-
tures would then be oriented "above" the other elements
or features. Thus, the term "below" can encompass both
an orientation of above and below. The device may be
otherwise oriented (rotated 90 degrees or at other orien-
tation), and the spatially relative descriptors used herein
shall be interpreted accordingly.
[0034] The terminology used herein is for the purpose
of describing particular embodiments and is not intended
to limit the inventive concept. As used herein, singular
forms, "a," "an," and "the" may indicate plural forms as
well, unless the context clearly indicates otherwise. The
terms "includes" and/or "including," when used in this
specification, may specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or com-
ponents, but may not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups.
[0035] Unless otherwise defined, terms (including
technical and scientific terms) used herein have the same
meanings as what is commonly understood by one of
ordinary skill in the art related to this field. Terms, such
as those defined in commonly used dictionaries, shall be
interpreted as having meanings that are consistent with
their meanings in the context of the relevant art and shall
not be interpreted in an idealized or overly formal sense
unless expressly so defined herein.
[0036] The term "connect" may mean "electrically con-
nect." The term "insulate" may mean "electrically insu-
late."
[0037] Unless explicitly described to the contrary, the
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word "comprise" and variations such as "comprises,"
"comprising," "include," or "including" may imply the in-
clusion of stated elements but not the exclusion of other
elements.
[0038] Various embodiments, including methods and
techniques, are described in this disclosure. Embodi-
ments of the inventive concept may also cover an article
of manufacture that includes a non-transitory computer
readable medium on which computer-readable instruc-
tions for carrying out embodiments of the inventive tech-
nique are stored. The computer readable medium may
include, for example, semiconductor, magnetic, opto-
magnetic, optical, or other forms of computer readable
medium for storing computer readable code. Further, the
inventive concept may also cover apparatuses for prac-
ticing embodiments of the inventive concept. Such ap-
paratus may include circuits, dedicated and/or program-
mable, to carry out operations pertaining to embodiments
of the inventive concept. Examples of such apparatus
include a general purpose computer and/or a dedicated
computing device when appropriately programmed and
may include a combination of a computer/computing de-
vice and dedicated/programmable hardware circuits
(such as electrical, mechanical, and/or optical circuits)
adapted for the various operations pertaining to embod-
iments of the inventive concept.
[0039] Fig. 1 shows a diagram of a conventional sem-
iconductor interconnect structure. In conventional man-
ufacturing methods, a wet etching method will typically
be used to remove a hard mask layer (such as a TiN
layer) on a dielectric layer 103. The wet etching method
may also etch a portion of a first metal layer 102 at the
bottom of the through-hole and form an undercut be-
tween the first metal layer 102 and the dielectric layer
103. The undercut may not be filled by a filling metal 101
in the filling process and will form one or more cavities
104.
[0040] The cavities 104 will adversely affect device re-
liability, hence a new manufacturing method that will not
result in cavities in the structure is desirable.
[0041] Fig. 2 shows a flowchart that illustrates the steps
in a method of manufacturing a semiconductor intercon-
nect structure in accordance with one or more embodi-
ments of this inventive concept. The method comprises
the following steps:

Step 202, provide a substrate structure, wherein the
substrate structure comprises:

a substrate;

a first metal layer on the substrate;

a dielectric layer on the substrate, wherein the
dielectric layer covers the first metal layer, and
wherein the dielectric layer has a hole extending
to the first metal layer; and

a hard mask layer on the dielectric layer.

Step 204, remove the hard mask layer. The hard
mask layer may be removed by a wet etching meth-
od.

Step 206, deposit a second metal layer at the bottom
of the hole.

Step 208, deposit a third metal layer, wherein the
third metal layer fills the hole.

[0042] In this embodiment, after the hard mask layer
is removed, a second metal layer is selectively deposited
at the bottom of the hole. The second metal layer can fill
the undercut between the first metal layer and the die-
lectric layer, thus eliminate the cavities that will otherwise
be formed after the third metal layer is deposited in the
hole. Therefore, this method improves the reliability of
the resulting interconnect structure.
[0043] Figs. 3A, 3B, 3C, 3D, and 3E show diagrams
depicting different stages of a method of manufacturing
a semiconductor interconnect structure in accordance
with one or more embodiments of this inventive concept.
Detailed description of this manufacturing method is
present below. Some of the manufacturing procedures
described below are optional procedures.
[0044] Referring to Fig. 3A, a substrate structure is pro-
vided. The substrate structure comprises a substrate
301, which comprises a semiconductor substrate 311
and a first barrier layer 321 on the semiconductor sub-
strate 311. The semiconductor substrate 311 may further
comprise other semiconductor devices and shallow
trench isolations (not shown).
[0045] The substrate structure may further comprise a
first metal layer 302 on the substrate 301. The first metal
layer 302 may be made of a metallic material such as
copper (Cu). In one embodiment, a second barrier layer
303 may be formed on the side and bottom of the first
metal layer 302. The second barrier layer 303 may be
made of tantalum (Ta), tantalum nitride (TaN), or a multi-
layer structure comprising tantalum nitride (TaN) and tan-
talum (Ta).
[0046] The substrate structure may further comprise a
dielectric layer 304, wherein the dielectric layer 304 is on
the substrate 301 and covers the first metal layer 302.
The dielectric layer 304 has a hole 305 extending to an
upper surface of the first metal layer 302. In one embod-
iment, the hole 305 is formed by a Damascene or Dual-
Damascene fabrication process. Fig. 3A shows a hole
305 that is formed by a Dual-Damascene fabrication
process. That is, the hole 305 comprises a trench in its
upper part and a through-hole in its lower part. In one
embodiment, the width of the hole 305 is 30-100 nm, the
depth of the hole 305 is 100-300 nm. When the hole 305
is formed by a Dual-Damascene fabrication process, the
width of the trench and the through-hole is 30-100 nm,
the depth of the trench and the through-hole is 100-300

5 6 



EP 3 264 452 A1

5

5

10

15

20

25

30

35

40

45

50

55

nm. The Damascene or Dual-Damascene fabrication
process that forms the hole 305 is well known to a person
of ordinary skill in the art in this area. Thus, the details
of these processes are omitted in the interest of brevity.
[0047] The substrate structure may further comprise a
hard mask layer 306 on the dielectric layer 304. Referring
to Fig. 3A, the hard mask layer 306 may be on a portion
of the dielectric layer 304 that is outside the hole 305. In
one embodiment, the hard mask layer 306 may comprise
a silicon carbonitride layer on the dielectric layer 304, a
low-K dielectric layer on the silicon carbonitride layer, a
tetraethyl orthosilicate (TEOS) layer on the low-K dielec-
tric layer, an octamethyl cyclotetrasiloxane (D4) layer on
the tetraethyl orthosilicate layer, and a titanium nitride
(TiN) layer on the octamethyl cyclotetrasiloxane (D4) lay-
er. The silicon carbonitrde layer may have a thickness of
100-400 Angstrom, the low-K dielectric layer may have
a thickness of 1000-2000 Angstrom and a dielectric con-
stant (K-value) of 2-3, the tetraethyl orthosilicate (TEOS)
layer may have a thickness of 100-400 Angstrom, the
octamethyl cyclotetrasiloxane (D4) layer may have a
thickness of 100-400 Angstrom, and the titanium nitride
(TiN) layer may have a thickness of 100-300 Angstrom.
[0048] Referring to Fig. 3B, the hard mask layer 306
on the dielectric layer 304 is removed. In one embodi-
ment, the hard mask layer 306 can be removed by a wet
etching method. The wet etching method may use one
or more of the following agents as etching agent: hydro-
gen peroxide, diluted hydrofluoric acid, sulfuric acid, hy-
drochloric acid, and ammonium hydroxide. The hard
mask layer 306 may induce horizontal stress on the hole
305, which causes horizontal deformation of the hole
305. Therefore the removal of the hard mask layer 306
may reduce horizontal deformation and facilitate the fill-
ing process of the hole 305. For a hole that comprises
both a trench and a through-hole, the horizontal defor-
mation due to the hard mask layer 306 is mainly the de-
formation of the trench along the trench direction. Refer-
ring to Fig. 3B, an undercut 307 may result after the hard
mask layer 306 is removed.
[0049] Referring to Fig. 3C, a second metal layer 308
is selectively deposited at the bottom of the hole 305. In
one embodiment, the second metal layer 308 may be
deposited by Chemical Vapor Deposition (CVD). Since
the second metal layer 308 is selectively deposited, it is
deposited only on the first metal layer 302 and not on the
dielectric layer 304. Hence the second metal layer 308
can completely fill the undercut 307. Optimally, the sec-
ond metal layer 308 may be made of cobalt (Co). Choos-
ing cobalt for the second metal layer 308 has the following
benefits: first, cobalt has a good selectivity characteristic
in deposition; second, cobalt can also be used as a barrier
material to prevent the diffusion of the metal layer that
will be deposited in succeeding stages; third, cobalt
spreads to completely fill the undercut 307.
[0050] Referring to Fig. 3D, a third metal layer 309 is
deposited to fill the hole 305. The third metal layer 309
may be made of copper (Cu) and may be deposited by

Electrochemical Plating (ECP).
[0051] Optimally, before the third metal layer 309 is
deposited, a third barrier layer 310 may be deposited on
the hole 305. As shown in FIG. 3C the third barrier layer
310 is formed on the bottom surfaces and the walls of
the hole 305. In one embodiment, the third barrier layer
310 may be made of tantalum nitride (TaN), tantalum
(Ta), or a multi-layer structure comprising tantalum nitride
(TaN) and tantalum (Ta). The third barrier layer 310 may
have a thickness of 2-20 nm. Optimally, before the third
metal layer 309 is deposited to fill the hole 305, a crys-
tallized layer (not shown) may be formed on the third
barrier layer 310. The crystallized layer may be made of
copper (Cu) and have a thickness of 5-100 nm. Optimally,
the third barrier layer 310 and the crystallized layer may
both be deposited by Physical Vapor Deposition (PVD).
[0052] Referring to Fig. 3E, a planarization process
may be applied on an upper surface of the third metal
layer 309 so that the upper surface of the third metal layer
309 and an upper surface of the dielectric layer 304 will
be at the same horizontal level after the planarization
process. The planarization process may comprise a
Chemical Mechanical Polishing (CMP) process.
[0053] This concludes the description of a method of
manufacturing a semiconductor interconnect structure in
accordance with one or more embodiments of this inven-
tive concept. This inventive concept further presents a
semiconductor interconnect structure, which will be de-
scribed below.
[0054] Referring to Fig. 3E, the semiconductor inter-
connect structure comprises:

a substrate 301;

a first metal layer 302 on the substrate 301;

a dielectric layer 304 on the substrate 301, wherein
the dielectric layer 304 covers the first metal layer
302, and wherein the dielectric layer 304 has a hole
extending to the first metal layer 302;

a second metal layer 308 on the first metal layer 302
at the bottom of the hole, wherein the second metal
layer 308 is formed by selective deposition; and

a third metal layer 309 on the second metal layer
308, wherein the third metal layer 309 fills the hole.

[0055] In this semiconductor interconnect structure,
the second metal layer 308 is formed on the first metal
layer 302 at the bottom of the hole, it can fill the undercut
between the first metal layer 302 and the dielectric layer
304 and eliminate the cavities that will otherwise be
formed. Therefore, this structure improves reliability of
inter-layer connection.
[0056] Referring to Fig. 3E, in one embodiment, this
semiconductor interconnect structure may further com-
prise a barrier layer 310 between the second metal layer
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308 and the third metal layer 309, and between the die-
lectric layer 304 and the third metal layer 309. The barrier
layer 310 may be made of tantalum nitride (TaN), tanta-
lum (Ta), or a multi-layer structure comprising tantalum
nitride (TaN) and tantalum (Ta). Additionally, the semi-
conductor interconnect structure may further comprise a
crystallized layer between the barrier layer 310 and the
third metal layer 309.
[0057] Layers of this semiconductor interconnect
structure, such as the first metal layer, the second metal
layer, the third metal layer, the barrier layer, and the crys-
tallized layer, may have the same composition and thick-
ness of the corresponding layer described in the manu-
facturing method. Hence, these implementation details
are omitted for conciseness.

Claims

1. A method of manufacturing a semiconductor inter-
connect structure, comprising:

providing a substrate structure, wherein the sub-
strate structure comprises:

a substrate;
a first metal layer on the substrate;
a dielectric layer on the substrate, wherein
the dielectric layer covers the first metal lay-
er, and wherein the dielectric layer has a
hole extending to the first metal layer; and
a hard mask layer on the dielectric layer;

removing the hard mask layer on the dielectric
layer;
selectively depositing a second metal layer at
the bottom of the hole; and
depositing a third metal layer in the hole.

2. The method of claim 1, wherein the hard mask layer
is removed by a wet etching method; and
wherein preferably: the wet etching method uses one
or more of the following agents as etching agent:
hydrogen peroxide, diluted hydrofluoric acid, sulfuric
acid, hydrochloric acid, and ammonium hydroxide.

3. The method of claim 1 or 2, wherein before the third
metal layer is formed, a barrier layer is formed on
the hole.

4. The method of claim 3, wherein
before the third metal layer is formed, a crystallized
layer is formed on the barrier layer; and/or
the barrier layer is made of tantalum nitride (TaN),
tantalum (Ta), or a multi-layer structure comprising
tantalum nitride (TaN) and tantalum (Ta).

5. The method of anyone of the claims 1-4, further com-

prising:

applying a planarization process on an upper
surface of the third metal layer, so that the upper
surface of the third metal layer and an upper
surface of the dielectric layer are at the same
horizontal level after the planarization process.

6. The method of anyone of the claims 1-5, wherein at
least one of:

the first metal layer and the third metal layer are
both made of copper (Cu), the second metal lay-
er is made of cobalt (Co);
the width of the hole is 30-100nm nm, the depth
of the hole is 100-300nm nm; and
the hole is formed by a Damascene or Dual-
Damascene fabrication process.

7. The method of anyone of the claims 1-6, wherein the
hard mask layer comprises:

a silicon carbonitride layer on the dielectric layer
outside the hole;
a low-K dielectric layer on the silicon carbonitride
layer;
a tetraethyl orthosilicate (TEOS) layer on the
low-K dielectric layer;
an octamethyl cyclotetrasiloxane (D4) layer on
the tetraethyl orthosilicate layer; and
a titanium nitride (TiN) layer on the octamethyl
cyclotetrasiloxane (D4) layer.

8. A semiconductor interconnect structure, comprising:

a substrate;
a first metal layer on the substrate;
a dielectric layer on the substrate, wherein the
dielectric layer covers the first metal layer, and
wherein the dielectric layer has a hole extending
to the first metal layer;
a second metal layer on the first metal layer at
the bottom of the hole; and
a third metal layer on the second metal layer,
wherein the third metal layer fills the hole.

9. The structure of claim 8, further comprising:

a barrier layer between the second metal layer
and the third metal layer, and between the third
metal layer and the dielectric layer.

10. The structure of claim 9, further comprising:

a crystallized layer between the third metal layer
and the barrier layer.

11. The structure of claim 9 or 10, wherein the barrier
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layer is made of tantalum nitride (TaN), tantalum
(Ta), or a multi-layer structure comprising tantalum
nitride (TaN) and tantalum (Ta).

12. The structure of anyone of the claims 8-11, wherein
the first metal layer and the third metal layer are both
made of copper (Cu), the second metal layer is made
of cobalt (Co).

13. The structure of anyone of the claims 8-12, wherein
the width of the hole is 30-100nm nm, the depth of
the hole is 100-300 nm.

14. The structure of anyone of the claims 8-13, wherein
the hole is formed by a Damascene or Dual-Da-
mascene fabrication process.
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