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Description

BACKGROUND

Technical Field

[0001] The invention relates to semiconductor manufacturing and, more particularly, to the formation of a dual da-
mascene structure.

Background of Related Art

[0002] Generally, semiconductor devices include a plurality of circuits which form an integrated circuit. Integrated
circuits can be useful for computers and electronic equipment and may contain millions of transistors and other circuit
elements that can be fabricated on a single silicon crystal semiconductor device, i.e., chip. For the device to be func-
tional, a complex network of signal paths will normally be routed to connect the circuit elements distributed on the
surface of the device. Efficient routing of these signals across the device becomes more difficult as the complexity of
the integrated circuit is increased. Thus, multi-level or multi-layered schemes known as dual damascene structures
are desirable due to their ability to increase the device's density and, therefore, allow stacked interconnected levels of
a densely packed semiconductor device.
[0003] When fabricating integrated circuits with a dual damascene structure, an insulating or dielectric material such
as silicon oxide of a semiconductor device will normally be patterned with, for example, several thousand openings to
create conductive line openings and via openings. The conductive line and via openings can then be filled with a
conductive metal layer, e.g., aluminum, to interconnect the active and/or passive elements of the integrated circuits.
The dual damascene structure may also be used for forming multilevel conductive lines of metal, e.g., copper, in in-
sulating layers, e.g., polyimide, of multi-layer substrates on which semiconductor devices can be mounted.
[0004] Methods for manufacturing a dual damascene structure are known. See, e.g., U.S. Patent Nos. 5,422,309;
5,529,953; 5,602,423; and 5,614,765. Generally, a standard dual damascene structure can be manufactured by first
coating an insulating layer with a antireflective coating (ARC) and photoresist layers. The photoresist is then exposed
through a first mask with an image pattern of via openings and the pattern can be anisotropically etched through
insulating layer to expose the underlying conductive layer. After etching the via openings, the remaining ARC and
photoresist are removed. New layers of ARC and photoresist are then deposited. The resist is exposed through a
second mask with an image pattern of the conductive line openings. The second image pattern will typically be aligned
with the first mask pattern to encompass the via openings with the conductive line openings. The portions of the resist
where the conductive line openings are to be formed are removed, exposing the via opening and insulating layer. The
exposed insulating layer is then etched to a desired depth equal to the height of the conductive line. When the etching
is complete, both the via openings and the conductive line openings may be filled with a conductive metal layer.
[0005] The second deposition of ARC and photoresist layers fills the vias with ARC, causing polymer to build-up in
the vias during the subsequent etch that forms the conductive line openings. As groundrules become smaller and
smaller, such polymer build-up leads the formation of SiO2 fences at the interface of the via and conductive line open-
ings. The presence of fences disrupts the flow of metal into the vias, causing voids to form therein. Such voids result
in increase via resistance and, in some cases, via failures.
[0006] EP 0 609 635 A1 describes a method for making a dual damascene structure, comprising the steps of forming
a layer of a sacrificial material on a semiconductor substrate including at least one conducting region formed thereon,
patterning the layer of sacrificial material to provide at least one stud, forming a dielectric layer on the semiconductor
substrate surrounding the stud, and removing the stud for forming a conductive line opening in the intermetal dielectric
layer.
[0007] US 5,270,236 describes a method for producing an opening in a layered semiconductor structure. The method
comprises the steps of producing a place-saver on the structure from a first material to be selectively etched to the
structure under the place-saver and to a material adjacent the place-saver, producing a layer of a second material over
the entire surface of the structure having the place-saver, wherein the second material is selectively etchable to the
first material, and forming the opening by at least partially removing the layer of the second material above the place-
saver, and removing the place-saver by selective etching.
[0008] From the above discussion, there is a need to provide a dual damascene structure without the formation of
fences at the via-line openings.

SUMMARY OF THE INVENTION

[0009] The inventive method of making a dual damascene structure according to claim 1 comprises the steps of:
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a) forming a layer of sacrificial material on a semiconductor substrate including at least one conductive region
formed therein, wherein the layer of sacrificial material is made from a material selected from the group consisting
of flowable oxide, CVD oxide, BSG;

b) patterning the layer of sacrificial material to provide at least one stud over the conductive region;

c) forming a single intermetal dielectric layer on the semiconductor substrate surrounding the at least one stud;

d) forming a conductive line opening in the intermetal dielectric layer and terminating said forming after a top of
the at least one stud being exposed within the opening;

e) removing the at least one stud from the intermetal dielectric layer by etching the at least one stud with BHF to
provide a via for the dual damascene structure;

f) depositing a conductive material within the via.

[0010] Preferred embodiments of the present invention are subject-matter of the subclaims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A preferred embodiment of a method for manufacturing a dual damascene structure is described below with
reference to the drawings wherein:

FIG. 1 is a cross-sectional view of the sacrificial material layer formed on the semiconductor substrate;
FIG. 2 is a cross-sectional view of the sacrificial material layer patterned into studs on the semiconductor substrate;
FIG. 3 is a cross-sectional view of the intermetal dielectric layer formed on the surface of the semiconductor sub-
strate and over top surface of the studs;
FIG. 4 is a cross-sectional view of the etched conductive line openings; FIG. 5 is a cross-sectional view of the
conductive line openings with the studs removed; and
FIG. 6 is a cross-sectional view of the conductive line openings and the via openings filled with a conductive metal
layer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] The invention relates to the fabrication of integrated circuits (ICs). Such ICs include memory circuits like, for
example, random access memories (RAMs), dynamic RAMs (DRAMs), synchronous DRAMs (SDRAMs), static RAMs
(SRAMs), and read only memories (ROMs). Other ICs include logic devices such as programmable logic arrays (PLAs),
application specific ICs (ASICs), or any circuit devices. The invention provides for a dual damascene structure sub-
stantially free of poorly defined edges at the interface of the conductive line and via openings. Typically, a plurality of
ICs are fabricated on a semiconductor substrate, such as a silicon wafer, in parallel. After processing, the wafer is
diced in order to separate the ICs into a plurality of individual chips. The chips are then packaged into final products
for use in, for example, consumer products such as computer systems, cellular phones, personal digital assistants
(PDAs), and other products.
[0013] The invention includes the use of a sacrificial material in conjunction with a dielectric material in which the
dual damascene structure is formed. The layer in which the dual damascene structure is formed is herein referred to
as the intermetal dielectric (IMD). The poorly defined edges are avoided by choosing a sacrificial material which has
a higher wet or dry etch rate compared to the IMD.
[0014] Referring to Fig. 1, a portion of a semiconductor substrate 20 is provided. The substrate, for example, com-
prises a silicon wafer. Other substrates, such as gallium arenide, silicon on insulator (SOI), germanium, or other sem-
iconductor materials are also useful. The substrate 20 includes ICs (not shown) formed thereon. The ICs can be at
any stage of processing. Included on the substrate are underlying conductive regions 22 such as metallization layers.
Alternatively, conductive regions are highly doped polysilicon layers or any portion of an active device, such as a source
or drain region of a transistor. In one embodiment, the conductive regions represent bitlines of a DRAM chip. The
conductive regions are isolated by, for example, a dielectric material. Typically, the top surface 30 is planarized to
provide a planar top surface. The ICs can include additional devices, circuitry, and other interconnection levels.
[0015] As shown, a sacrificial material layer 15 is formed on semiconductor substrate 20 above surface 30. Suitable
material for sacrificial material layer 15 is selected from the group consisting of flowable oxide, CVD oxide, BSG. It is
highly advantageous that the sacrificial materials used in the method described herein have a substantially greater
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BHF etch rate than the IMD layer subsequently formed on semiconductor substrate 20 as described herein below.
[0016] To achieve suitable uniformity of thickness, sacrificial material layer 15 will normally be substantially
planarized. If necessary, a separate planarization step such as, for example, CMP can be employed. The thickness of
the sacrificial material layer 15 formed on semiconductor substrate 20 will be at least equal to or greater than the
expected height of the via openings formed in accordance with the methods described herein. The thickness of sac-
rificial material layer 15 can range from about 1,000Å (1Å = 0.1 nm) to about 10, 000Å, preferably from about 1,000Å
to about 8,000Å, and more preferably from about 3,000Å to about 6,000Å. Of course, the thickness can vary depending
on design parameters.
[0017] Referring to Fig. 2, the sacrificial layer is patterned to form at least one stud 12 where a via hole or opening
is to be formed. In the exemplary portion of the substrate, three studs are formed. However, those of skill in the art will
understand that in the fabrication of ICs, a plurality of studs can be formed to contact underlying conductive regions.
Patterning of the sacrificial layer includes, for example, depositing ARC and photoresist layers and selectively exposing
the photoresist in regions except where studs are to be formed with an exposure source. The resist layer is developed,
removing the exposed portions. The substrate is then etched anisotropically, by for example, reactive ion etching (RIE).
Portions of the sacrificial layer unprotected by the resist are removed, leaving the studs corresponding to via locations
that contact the conductive regions 22. Although positive resist is described, the use of negative resist is also useful.
[0018] Typically, the distance of the conductive layers and studs will normally vary according to the current-carrying
requirements for a given conductor (the conductive material that will replace each stud 12 as described herein below),
such that reliability problems, e.g., electromigration, may be avoided. Where low currents are expected, conductor size
and spacing will be, however, limited to a minimum width specific to a given semiconductor device and/or semiconductor
fabrication process. The width between each stud 12 will ordinarily range from about 0.15 micrometers (µm) to about
1.0 micrometer, preferably from about 0.15µm to about 0.35µm and more preferably from about 0.15µm to about
0.25µm.
[0019] Following the patterning of at least one stud 12, IMD layer 5 is formed on the surface of semiconductor sub-
strate 20 and over the top surface of studs 12 (See FIG. 3). The IMD material used in the method described herein
can include any suitable dielectric material known to those skilled in the art. In one embodiment, the IMD material
includes A418 SOG, HSG-R7 SOG, organically doped CVD oxide, converted CVD oxide, silicon-containing, undoped
silicate glass, organic material such as BCB or the like.
[0020] The IMD layer 5 can ordinarily be formed onto the surface of semiconductor substrate 20 and over the top
surface of studs 12 as a substantially planarized layer. A substantially planarized layer can be achieved either directly
through the formation process, e.g., in the case of spin on film, or by applying plariarizing techniques, such as chemical-
mechanical polishing (CMP), after the formation of the IMD layer. The thickness of the IMD is sufficient to accommodate
the studs and the overlying conductive lines. The IMD, for example, has thickness that is greater than the height of the
stud by h, where h is equal to about the height of the conductive lines. Of course, h depends on design parameters.
Typically, the thickness of intermetal dielectric layer 5 will range from about 2,000Å to about 20,000Å, preferably from
about 3,000Å to about 12,000Å and more preferably from about 4,000Å to about 9,000Å. Techniques for forming the
intermetal dielectric layer 5 are within the purview of one skilled in the art.
[0021] Referring to Fig. 4, the IMD layer is patterned to create the conductive line openings 9. Patterning of the
conductive line openings is achieved using conventional lithographic and etch techniques. Such techniques include,
for example, depositing ARC and photoresist layers and subsequently selectively exposing the resist layer with radi-
ation, such as deep ultra-violet (DUV) or extreme ultra-violet (EUV), from an exposure source. Radiation of other
wavelengths is also useful. Exposed regions of the resist layer are then removed during development to expose the
IMD surface corresponding to line openings 9. A RIE is performed to create openings 9. The RIE is terminated by time
timed so as to etched sufficiently deep to reach the top of the stud.
[0022] Next, each stud 12 is selectively removed from within the conductive line openings 9 by a BHF wet etching
process to create via openings 11 as illustrated in FIG. 5. In accordance with the invention, the stud is etched selectively
to the IMD layer. The etch selectivity between the stud and IMD is sufficient to enable the removal of the stud without
effectively removing the IMD layer. In one embodiment, the etch selectivity between the stud and IMD is about ≥ 8:1,
more preferably about ≥ 12:1, even more preferably about ≥ 20:1. The parameters for creating via openings 11 (e.g.,
time, temperature, etc.) are within the purview of one skilled in the art. Table I lists illustrative combination of materials
and type of etchant that can be used to remove the stud.
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[0023] Following the formation of via opening 11, a conductive material 25 is deposited within and fills via opening
11 and conductive line opening 9 as shown in FIG. 6. Conductive material 25 may be formed by any known or con-
ventional procedure, for example, by selective chemical vapor depositions (CVD's). Any conventional conductive ma-
terial can be used herein. Suitable materials for forming conductive material 25 include but are not limited to Ti, TiN,
TiW, W, Al, Cu, Pd and the like. Preferred materials include W and Al.

Claims

1. A method of making a dual damascene structure comprising the steps of:

a) forming a layer of sacrificial material (15) on a semiconductor substrate (20) including at least one conductive
region (22) formed therein, wherein the layer of sacrificial material is made from a material selected from the
group consisting of flowable oxide, CVD oxide, BSG;

b) patterning the layer of sacrificial material to provide at least one stud (12) over the conductive region;

c) forming a single intermetal dielectric layer (5) on the semiconductor substrate to bury the at least one stud;

d) forming a conductive line opening (9) in the intermetal dielectric layer and terminating said forming after a
top of the at least one stud has been exposed within the opening;

e) removing the at least one stud from the intermetal dielectric layer by etching the at least one stud with BHF
to provide a via (11) for the dual damascene structure;

f) depositing a conductive material (25) within the via.

2. The method of Claim 1 wherein the layer of sacrificial material has a higher etch rate than the intermetal dielectric
layer.
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3. The method of Claim 1 wherein the intermetal dielectric layer is made from a material selected from the group
consisting of organically doped CVD oxide, CVD oxide and silicon-containing organic material.

4. The method of Claim 1 further comprising the step of planarizing the intermetal dielectric layer prior to forming the
conductive line opening.

5. The method of Claim 1 wherein the conductive material is selected from the group consisting of W and Al.

Patentansprüche

1. Verfahren zur Herstellung einer zweifach damaszierten Struktur mit folgenden Schritten:

a) Ausbilden einer Schicht aus Opfermaterial (15) auf einem Halbleitersubstrat (20) mit zumindest einem darin
ausgebildeten leitenden Bereich (22), wobei die Schicht aus Opfermaterial aus einem Material hergestellt ist,
das aus der Gruppe ausgewählt ist, die aus einem fließfähigen Oxid, CVD-Oxid, BSG besteht;

b) Profilieren der Schicht aus Opfermaterial, um wenigstens einen über den leitenden Bereich hervorstehen-
den Absatz (12) zu schaffen;

c) Ausbilden einer einzelnen intermetallischen dielektrischen Schicht (5) auf dem Halbleitersubstrat, um den
wenigstens einen Absatz zu überdecken;

d) Ausbilden einer Leitungslinienaussparung (9) in der intermetallischen dielektrischen Schicht und Beenden
des Ausbildens, nachdem eine Spitze des wenigstens einen Absatzes innerhalb der Öffnung belichtet wurde;

e) Entfernen des zumindest einen Absatzes von der intermetallischen dielektrischen Schicht durch Ätzen des
wenigstens einen Absatzes mit BHF, um einen Durchgang (11) für die zweifach damaszierte Struktur zu liefern;

f) Einbringen eines leitenden Materials (25) in den Durchgang.

2. Verfahren nach Anspruch 1, wobei die Schicht aus Opfermaterial eine höhere Ätzrate aufweist als die intermetal-
lische dielektrische Schicht.

3. Verfahren nach Anspruch 1, wobei die intermetallische dielektrische Schicht aus einem Material hergestellt ist,
das aus der Gruppe ausgewählt ist, die aus organisch dotiertem CVD-Oxid, CVD-Oxid und Silizium enthaltendem
organischen Material besteht.

4. Verfahren nach Anspruch 1, des weiteren mit dem Schritt, die intermetallische dielektrische Schicht zu glätten,
bevor die Leitungslinienaussparung ausgebildet wird.

5. Verfahren nach Anspruch 1, wobei das leitende Material aus der Gruppe ausgewählt ist, die aus W und Al besteht.

Revendications

1. Procédé de fabrication d'une structure à double damasquinage comprenant les étapes consistant à :

a) former une couche de matériau sacrificiel (15) sur un substrat semi-conducteur (20) comprenant au moins
une région conductrice (22) formée à l'intérieur, la couche de matériau sacrificiel étant faite dans un matériau
choisi dans le groupe constitué d'oxyde fluide, d'oxyde CVD, de BSG ;
b) imprimer la couche de matériau sacrificiel pour fournir au moins un crampon (12) sur la région conductrice ;
c) former une couche diélectrique intermétallique unique (15) sur le substrat semi-conducteur pour enterrer
l'au moins un crampon ;
d) former une ouverture de ligne conductrice (9) dans la couche diélectrique intermétallique et terminer la
formation après avoir exposé dans l'ouverture une partie supérieure de l'au moins un crampon ;
e) ôter l'au moins un crampon de la couche diélectrique intermétallique en gravant l'au moins un crampon
avec du BHF pour fournir un trou d'interconnexion (11) pour la structure à double damasquinage ;
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f) déposer un matériau conducteur (25) dans le trou d'interconnexion.

2. Procédé selon la revendication 1,
caractérisé en ce que
la couche de matériau sacrificiel a une vitesse de gravure plus élevée que la couche diélectrique intermétallique.

3. Procédé selon la revendication 1,
caractérisé en ce que
la couche diélectrique intermétallique est faite dans un matériau choisi dans le groupe constitué d'oxyde CVD à
dopage organique, d'oxyde CVD et de matériau organique contenant du silicium.

4. Procédé selon la revendication 1,
caractérisé par
en outre l'étape consistant à planariser la couche diélectrique intermétallique avant la formation de l'ouverture de
ligne conductrice.

5. Procédé selon la revendication 1,
caractérisé en ce que
le matériau conducteur est choisi dans le groupe constitué de W et de Al.
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