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LOCALLY INCREASING SIDEWALL DENSITY BY ION IMPLANTATION

TECHNICAL FIELD

This invention relates generally to d fabrication techi

, and, more particularly, to
techniques for filling contact openings and vias with copper and creating copper interconnections and lines.
BACKGROUND ART
There is a constant drive within the semiconductor industry to increase the operating speed of

integrated circuit devices, .g., microprocessors, memory devices, and the like. This drive is fueled by consumer

d d 1

for and devices that operate at increasingly greater speeds. This demand for

increased speed has resulted in a continual reduction in the size of semi devices, e.g., i That

is, many components of a typical field effect transistor (FET), e.g., channel length, junction depths, gate
dielectric thickness, and the like, are reduced. For example, all other things being equal, the smaller the channel
length of the FET, the faster the transistor will operate. Thus, there is a constant drive to reduce the size, or
scale, of the components of a typical transistor to increase the overall speed of the transistor, as well as
integrated circuit devices incorporating such transistors. Additionally, reducing the size, or scale, of the
components of a typical transistor also increases the density, and number, of the transistors that can be produced
on a given amount of wafer real cstate, lowering the overall cost per transistor as well as the cost of integrated
circuit devices incorporating such transistors.

However, reducing the size, or scale, of the components of a typical transistor also requires reducing
the size and cross-sectional dimensions of electrical interconnects to contacts to active areas, such as N* (P*)
source/drain regions and a doped-polycrystalline silicon (doped-polysilicon or doped-poly) gate conductor, and
the like. As the size and cross-sectional dimensions of electrical interconnects get smaller, resistance increases
and electromigration increases. Increased resistance and electromigration are undesirable for a number of
reasons. For example, increased resistance may reduce device drive current, and source/drain current through
the device, and may also adversely affect the overall speed and operation of the transistor. Additionally,

electromigration effects in alumi (Alyi , where electrical currents actually carry aluminum (Al)

atoms along with the current, causing them to electromigrate, may lead to degradation of the aluminum (Al)

inter further i d resi and even di ion and/or delamination of the i (AD

interconnects.

The ideal i d for semicond: circuitry will be inexpensive, easil tterned,
P! y pa

have low resistivity, and high resistance to corrosion, electromigration, and stress migration. Aluminum (Al) is

most often used for i in y icond fabrication processes primarily because

aluminum (Al) is inexpensive and easier to etch than, for example, copper (Cu). However, because aluminum

{Al) has poor el igrati h istics and high ptibility to stress migration, it is typical to alloy

aluminum (Al) with other metals.

d

As di: d above, as device geometries shrink and clock speeds increase, it becomes

increasingly desirable to reduce the resistance of the circuit metallization. The one criterion that is most

seriously compromised by the usc of alumi (Al for i is that of ¢ ivity. This is because the
three metals with lower resistivities (Al has a resistivity of 2.824x10® ohms-cm at 20° C), namely, silver (Ag)

with a resistivity of 1.59x10 ohms-cm (at 20° C), copper (Cu) with a resistivity of 1.73x10"® ohms-cm (at

-1-
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20° C), and gold (Au) with a resistivity of 2.44x10° ohms-cm (at 20° C), fall short in other significant criteria.
Silver, for example, is relatively expensive and corrodes easily, and gold is very costly and difficult to etch.

Copper, with a resistivity nearly on par with silver, immunity from electromigration, high ductility (which

provides high i ity to ical stresses d by differential expansion rates of dissimilar materials
in a semiconductor chip) and high melting point (1083° C. for copper (Cu) vs. 659° C. for Al), fills most criteria
admirably. However, copper (Cu) is difficult to etch in a semiconductor environment. As a result of the
difficulty in etching Cu, an alternative approach to forming vias and metal lines must be used. The damascene
approach (single and dual), consisting of etching openings such as trenches in the dielectric for lines and vias
and creating in-laid metal patterns, is the leading contender for fabrication of sub-0.25 micron (sub-0.25 j)
design rule copper-metallized circuits.

However, the lower resistance and higher conductivity of the copper (Cu) interconnects, coupled with
higher device density and, hence, decreased distance between the copper (Cu) interconnects, may lead to

increased capacitance between the copper (Cu) i Increased i between the copper (Cu)

interconnects, in turn, results in increased RC time delays and longer transient decay times in the semiconductor
device circuitry, causing decreased overall operating speeds of the semiconductor devices.

One conventional solution to the problem of increased capacitance between the copper (Cu)
interconnects is to use “low dielectric constant” ar “low K” dielectric materials, where K is less than about 4,
for the interlayer dielectric layers (ILDs) in which the copper (Cu) interconnects are formed using the

damascene techniques. However, low K dielectric materials are difficult materials to use in conjunction with the

and

damascene techniques. For example, low K dielectric materials are to being d;
during the etching and subsequent processing steps used in the damascene techniques. In particular, the
sidewalls of openings such as trenches and/or vias formed in low K dielectric materials are especially
vulnerable, due at least in part to the low density of low K dielectric materials.

The present invention is directed to overcoming, or at least reducing the effects of, one or more of the
problems set forth above.

DISCLOSURE OF INVENTION

In one aspect of the present invention, a method is provided, the method comprising forming a first
conductive structure, and forming a first dielectric layer above the first conductive structure. The method also
comprises forming a first opening in the first dielectric layer above at least a portion of the first conductive
structure, the first opening having sidewalls, and densifying the sidewalls.

In another aspect of the present invention, a device is provided, the device comprising a first
conductive structure, and a first dielectric layer above the first conductive structure. The device also comprises a
first opening in the first dielectric layer above at least a portion of the first conductive structure, the first

opening having densified sidewalls.

JP 2004-523132 A 2004.7.29
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood by reference to the following description taken in conjunction with
the accompanying drawings, in which the leftmost significant digit(s) in the reference numerals denote(s) the
first figure in which the respective reference numerals appear, and in which:

Figures 1-8 schematically illustrate a single-damascene copper interconnect process flow according to
various embodiments of the present invention;

Figure 9 schematically illustrates multiple layers of copper interconnects according to various
embodiments of the present invention;

Figure 10 schematically illustrates copper interconnects according to various embodiments of the

present invention connecting source/drain regions of an illustrative semiconductor device;

lly itlustrate a dual

Figures 11-18 copper interconnect process flow according to

various embodiments of the present invention;

Figure 19 schematically illustrates multiple layers of copper interconnects according to various
embodiments of the present invention; and

Figure 20 schematically illustrates copper interconnects according to various embodiments of the
present invention connecting source/drain regions of an illustrative semiconductor device.

While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein described in detail. It
should be understood, however, that the description herein of specific embodiments is not intended to limit the
invention to the particular forms disclosed, but, on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by the appended
claims.

MODE(S) FOR CARRYING OUT THE INVENTION

Ilustrative embodiments of the invention are described below. In the interest of clarity, not all features

of an actual implementation are described in this specification. It will of course be appreciated that in the

"

development of any such actual numerous impl ion-specific decisions must be made to

achieve the developers’ specific goals, such as it with syst lated and busi lated cc

which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

Tlustrative embodiments of a method for semiconductor device fabrication according to the present
invention are shown in Figures [-20. Although the various regions and structures of a semiconductor device are
depicted in the drawings as having very precise, sharp configurations and profiles, those skilled in the art
recognize that, in reality, these regions and structures are not as precise as indicated in the drawings.
Nevertheless, the attached drawings are included to provide illustrative examples of the present invention.

In general, the present invention is directed towards the manufacture of a semiconductor device. As
will be readily apparent to those skilled in the art upon a complete reading of the present application, the present
method is applicable to a variety of technologies, for example, NMOS, PMOS, CMOS, and the like, and is
readily applicable to a variety of devices, including, but not limited to, logic devices, memory devices, and the

like.

JP 2004-523132 A 2004.7.29
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As shown in Figure 1, a first dielectric layer 120 and a first conductive structure 140 (such as a copper
intermetal via connection) may be formed above a structure 100 such as a semiconducting substrate. However,
the present invention is not limited to the formation of a copper-based interconnect above the surface of a
semiconducting substrate such as a silicon wafer, for example. Rather, as will be apparent to one skilled in the
art upon a complete reading of the present disclosure, a copper-based interconnect formed in accordance with
the present invention may be formed above previously formed semiconductor devices and/or process layer, e.g.,
transistors, or other similar structure. In effect, the present invention may be used to form process layers on top
of previously formed process layers. The structure 100 may be an underlayer of semiconducting material, such
as a silicon substrate or wafet, or, alternatively, may be an underlayer of semiconductor devices (see Figure 10,
for example), such as a layer of metal oxide semiconductor field effect transistors (MOSFETS), and the like,
and/or a metal interconnection layer or layers (see Figure 9, for example) and/or an interlayer dielectric (ILD)
layer or layers, and the like.

In a single-damascene copper process flow, according to various embodiments of the present
invention, as shown in Figures 1-8, the first dielectric layer 120 is formed above the structure 100, adjacent the
first conductive structure 140. An etch stop layer 110 (typically silicon nitride, Si;Ny, or SiN, for short) is
formed above the first dielectric layer 120 formed above the structure 100 and adjacent the first conductive
structure 140. A second dielectric layer 130 is formed above the etch stop layer 110. A patterned
photomask 150 is formed above the second dielectric layer 130. If necessary, the second dielectric layer 130
may have been planarized using a chemical-mechanical planarization (CMP) process. The second dielectric
layer 130 has a hard mask layer 160 (typically also SiN) formed and patterned thereon, between the second
dielectric layer 130 and the patterned photomask 150. The hard mask layer 160 may be patterned using the
patterned photomask 150, for example.

The first and second dielectric layers 120 and 130 may be formed from a variety of “low dielectric
constant” or “low K” (K is less than or equal to about 4) dielectric materials. The low K first and second
dielectric layers 120 and 130 may be formed by a variety of known techniques for forming such layers, e.g., a
chemical vapor deposition (CVD) process, a low-pressure CVD (LPCVD) process, a plasma-enhanced CVD
(PECVD) process, a sputtering process, a physical vapor deposition (PVD) process, a spin-on coating process
(such as a spin-on glass process), and the like, and each may have a thickness ranging from approximately 100-
500 nm (1000 A-5000 A), for example.

The low K first and sccond dielectric layers 120 and 130 may be formed from a variety of low K
dielectric materials, where K is less than or equal to about 4. Examples include Applied Material’s Black
Diamond®, Novellus’ Coralg, Allied Signal’s Nanoglass®, JSR’s LKD5104, and the like. In one illustrative
embodiment, the low K first and second dielectric layers 120 and 130 are each comprised of Applied Material’s
Black Diamond®, each having a thickness of approximately 5000 A, each being formed by being
blanket-deposited by a PECVD.

As shown in Figure 2, a metallization pattern is then formed by using the patterned photomask 150, the
etch stop layer 110 and the hard mask layer 160 (Figures 1-2), and photolithography. For example, openings
(such as an opening or trench 220 formed above at least a portion of the first conductive structure 140) for
conductive metal lines, contact holes, via holes, and the like, are etched into the second dielectric layer 130

(Figure 2). The opening 220 may be formed by using a variety of known anisotropic etching techniques, such as

4-
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a reactive ion etching (RIE) process using hydrogen bromide (HBr) and argon (Ar) as the etchant gases, for
example. Alternatively, an RIE process with CHF; and Ar as the etchant gases may be used, for example,
Plasma etching may also be used, in various illustrative embodiments. The etching may stop at the etch stop
Jayer 110.

As shown in Figure 3, the patterned photomask 150 is trimmed, using a controlled photoresist trim, for
example, forming a trimmed photomask 350. The patterned photomask 150 may be trimmed by ashing, using a
molecular oxygen (O,) ashing, for example. Approximately 10-50 nm (100-500 A) of the patterned
photomask 150 may be trimmed by the ashing.

As shown in Figure 4, a densification implant 400 (indicated by the arrows) may be implanted into the
low K first and second dielectric layers 120 and 130 to form respective densified regions 420 and 430 in the low
K first and second dielectric layers 120 and 130 adjacent the opening 220. The densified regions 420 in the low
K first dielectric layer 120 would, of course, be symmetrical if the first conductive structure 140 were centered
in the opening 220. The densification implant 400 increases the density of sidewalls 440 and bottom areas 450
of the opening 220 by about 5-50%, and, hence, reinforces the sidewalls 440 and the bottom areas 450 of the

opening 220. In various i i b the ified regions 420 and 430 may be formed by being
implanted with a densification dose of silicon (Si), silicon dioxide (SiO.), germanium (Ge), and the like. The
densification dose of the densification implant 400 may range from about 5.0x 10" - 2.0x10" ions/cm? at an
implant energy ranging from about 5-50 keV. The densified regions 420 and 430 may be subjected to a rapid
thermal anneal (RTA) process performed at a temperature ranging from approximately 400-1000°C for a time
ranging from approximately 5-60 seconds. The RTA process may activate the densification implant 400 and
reinforce the densification process.

As shown in Figure 5, the trimmed photomask 350 and the hard mask layer 160 are then stripped, the
etch stop layer 110 is removed above the first conductive structure 140, and a thin barrier metal layer 525A and
a copper seed layer 525B are applied to the entire surface using vapor-phase deposition (Figure 5). The barrier
metal layer 525A and the copper (Cu) seed layer 525B blanket-deposit an entire upper surface 530 of the second
dielectric layer 130 as well as the sidewalls 440 and the bottom areas 450 of the opening 220, and first
conductive structure 140, thereby forming a conductive surface 535, as shown in Figure 5.

The barrier metal layer 525A may be formed of at least one layer of a barrier metal material, such as
tantalum or tantalum nitride, and the like. For example, the barrier metal layer 525A may also be formed of

titanium nitride, titanium-tungsten, nitrided titanium-tu ten, or another suitable barrier material. The copper

seed layer 525B may be formed on top of the one or more barrier metal layers 525A by physical vapor
d ition (PVD) or chemical vapor d ition (CVD), for example.

The bulk of the copper trench-fill is frequently done using an electroplating technique, where the
conductive surface 535 is mechanically clamped to an electrode (not shown) to establish an electrical contact,
and the structure (00 is then immersed in an electrolyte solution containing copper (Cu) ions. An electrical
current is then passed through the wafer-electrolyte system to cause reduction and deposition of copper (Cu) on
the conductive surface 535. In addition, an alternating-current bias of the wafer-electrolyte system has been
considered as a methed of self-planarizing the deposited copper (Cu) film, similar to the deposit-etch cycling

used in high-density plasma (HDP) tetraethyl orthosilicate (TEOS) dielectric depositions.

JP 2004-523132 A 2004.7.29
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As shown in Figure 6, this process typically produces a conformal coating of copper (Cu) 640 of
substantially constant thickness across the entire conductive surface 535. As shown in Figure 7, once a
sufficiently thick layer of copper (Cu) 640 has been deposited, the layer of copper (Cu) 640 is planarized using

ical hanical polishing (CMP) techni The planarization using CMP clears all copper (Cu) and

P |

barrier metal from the entire upper surface 530 of the second dielectric layer 130, leaving the copper (Cu) 640
only in a metal structure such as a copper-filled trench, forming a copper-interconnect 745, adjacent remaining
portions 725A and 725B of the one or more barrier metal layers S25A and copper seed layer 525B (Figures 5
and 6), respectively, as shown in Figure 7.

As shown in Figure 7, the copper-interconnect 745 may be formed by annealing the copper (Cu) 640,
adjacent the remaining portions 725A and 725B of the one or more barrier metal layers 525A and copper seed
layer 525B (Figures 5 and 6), to the first conductive structure 140. The anneal process may be performed in a
traditional tube furnace, at a temperature ranging from approximately 100-500°C, for a time period ranging
from approximately 10-180 minutes, in a nitrogen-containing ambient that may comprise at least one of Ny, H,,
Ar, NHy, and the like. Alternatively, the anneal process may be a rapid thermal anneal (RTA) process performed
at a temperature ranging from approximately 100-500°C for a time ranging from approximately 10-180 seconds
in a nitrogen-containing ambient that may comprise at least one of N,, H,, Ar, and the like.

As shown in Figure 8, the low K second dielectric layer 130 may be planarized, as needed, using
chemical mechanical polishing (CMP) techniques. Planarization would leave the planarized low K second
dielectric layer 130 adjacent the copper-interconnect 745 and above the etch stop layer 110, forming a
copper-interconnect layer 800. The copper-interconnect layer 800 may comprise the copper-interconnect 745
adjacent the densified regions 430 of the second dielectric layer 130. The copper-interconnect layer 800 may
also comprise the etch stop layer 110. As shown in Figure 8, the copper-interconnect layer 800 may also
comprise an etch stop layer 820 (also known as a “hard mask™ and typically formed of silicon nitride, Si;N,, or
SiN, for short) formed and patterned above the second dielectric layer 130 and above at least a portion of the
copper-interconnect 745.

As shown in Figure 9, the copper-interconnect layer 800 may be an underlying structure layer (similar
to the structure 100) to a copper-interconnect layer 900. The copper-interconnect layer 900 may comprise a
copper-filled trench 940 and an intermetal via connection 910 adjacent respective densified regions 945 and 930
of planarized low K dielectric layers 935 and 925, respectively. The intermetal via connection 910 may be a
copper (Cu) structure similar to the first copper (Cu) structure 140, and the intermetal via connection 910 may
be annealed to the copper-filled trench 940 in a similar fashion to the anneal described above in relation to the
formation of the copper-interconnect 745 (Figure 7). The copper-interconnect layer 900 may also comprise the
etch stop layer 820 and/or etch stop layer 915 and/or etch stop layer 920 (also known as “hard masks” and
typically formed of silicon nitride, Si;N,, or SiN, for short) formed and patterned above the planarized low K
dielectric layers 925 and/or 935, respectively, The etch stop layer 920 may also be formed above at least a
portion of the copper-filled trench 940,

As shown in Figure 10, an MOS transistor 1010 may be an underlying structure layer (similar to the
structure 100) to a copper-interconnect layer 1000. The copper-interconnect layer 1000 may comprise
copper-filled trenches 1020 and copper intermetal via connections 1030 adjacent densified regions 1050 of a

planarized low K dielectric layer 1040. The copper intermetal via connections 1030 may be copper (Cu)

-6-

JP 2004-523132 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

40

(24)

WO 03/007367 PCT/US02/18842

structures similar to the first copper (Cu) structure 140, and the copper intermetal via connections 1030 may be
annealed to the second copper (Cu) structures 1020 in a similar fashion to the anneal described above in relation
to the formation of the copper-interconnect 745 (Figure 7).

As shown in Figure 11, a first diclectric layer 1105 and a first conductive structure 1125 (such as a
copper intermetal via connection) may be formed above a structure 1100 such as a semiconducting substrate,
However, the present invention is not limited to the formation of a copper-based interconnect above the surface

of a semiconducting substrate such as a silicon wafer, for example. Rather, as will be apparent to one skilled in

the art upon a complete reading of the present disck , a copper-based i formed in accordance
with the present invention may be formed above previously formed semiconductor devices and/or process layer,
e.g., transistors, or other similar structure. In effect, the present invention may be used to form process layers on
top of previously formed process layers. The structure 1100 may be an underlayer of semiconducting material,
such as a silicon substrate or wafer, or, alternatively, may be an underlayer of semiconductor devices (see
Figure 20, for example), such as a layer of metal oxide semiconductor field effect transistors (MOSFETs), and
the like, and/or a metal interconnection layer or layers (see Figure 19, for example) and/or an interlayer
dielectric (ILD) layer or layers, and the like.

In a dual-damascene copper process flow, according to various embodiments of the present invention,
as shown in Figures 11-18, a second dielectric layer 1120 is formed above the first dielectric layer 1105 and
above the first conductive structure 1125. A third dielectric layer 1130 is formed above the second dielectric
layer 1120. A patterned photomask 1150 is formed above the third dielectric layer 1130. The first dielectric
layer 1105 has an etch stop layer (ESL) 1110 (also known as a “hard mask” and typically formed of silicon
nitride, SisNy, or SiN, for short) formed and patterned thereon, between the first dielectric layer 1105 and the
second dielectric layer 1120. Similarly, the second dielectric layer 1120 has an etch stop layer 1115 (also
typically formed of SiN) formed and patterned thereon, between the second dielectric layer 1120 and the third
dielectric layer 1130.

As will be described in more detail below in conjunction with Figure 12, the first etch stop layer 1110
and a second eich stop layer 1115 define a lower (via) portion of the copper interconnect formed in the
dual-damascene copper process flow. If necessary, the third dielectric layer 1130 may be planarized using
chemical-mechanical planarization (CMP). The third diclectric layer 1130 has a hard mask layer 1160 (typically
also SiN) formed and patterned thereon, between the third dielectric layer 1130 and the patterned
photomask 1150.

The first, second and third dielectric layers 1105, 1120 and 1130 may be formed from a variety of “low
dielectric constant” or “low K™ (K is less than or equal to about 4) dielectric materials. The low X first, second
and third dielectric layers 1105, 1120 and 1130 may be formed by a variety of known techniques for forming
such layers, e.g., a chemical vapor deposition (CVD) process, a low-pressure CVD (LPCVD) process, a
plasma-enhanced CVD (PECVD) process, a sputtering process, a physical vapor deposition (PVD) process, a
spin-on coating process (such as a spin-on glass process), and the like, and may each have a thickness ranging
from approximately 100-500 nm (1000 A-5000 A), for example.

The low K first, second and third dielectric layers 1105, 1120 and 1130 may be formed from a variety
of low K dielectric materials, where K is less than or equal to about 4. Examples include Applied Material’s

Black Diamond®, Novellus’ Coral®, Allied Signal’s Nanoglass®, JSR’s LKD5104, and the like. In one

-7-
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illustrative embodiment, the low K first, second and third dielectric layers 1105, 1120 and 1130 are each
comprised of Applied Material’s Black Diamond®, each having a thickness of approximately 5000 A, each
being formed by being blanket-deposited by a PECVD.

As shown in Figure 12, a metallization pattern is then formed by using the pattemed photomask 1150,
the etch stop layer 1110, the hard mask layers 1115 and 1160 (Figures 11-12), and photolithography. For
example, first and second openings, such as via 1220 and trench 1230, for conductive metal lines, contact holes,
via holes, and the like, are etched into the second and third dielectric layers 1120 and 1130, respectively
(Figure 12). The first and second openings 1220 and 1230 may be formed by using a variety of known
anisotropic etching techniques, such as a reactive ion etching (RIE) process using hydrogen bromide (HBr) and
argon (Ar) as the etchant gases, for example. Alternatively, an RIE process with CHF; and Ar as the etchant
gases may be used, for example. Plasma etching may also be used, in various illustrative embodiments. The
etching may stop at the etch stop layer 1110.

As shown in Figure 13, the patterned photomask 1150 is trimmed, using a controlled photoresist trim,
for example, forming a trimmed photomask 1350. The patterned photomask 1150 may be trimmed by ashing,
using a molecular oxygen (O,) ashing, for example. Approximately 100-500 A of the patterned photomask 1150
may be trimmed by the ashing.

As shown in Figure 14, a densification implant 1400 (indicated by the arrows) may be implanted into
the low K second and third dielectric layers 1120 and 1130 to form respective densified regions 1420 and 1430
in the low K second and third dielectric layers 1120 and 1130 adjacent the openings 1220 and 1230,
respectively. The densified regions 1420 in the low K second dielectric layer 1120 would, of course, be
symmetrical if the opening 1220 were centered in the opening 1230. The densification implant 1400 increases
the density of sidewalls 1440 and bottom areas 1450 of the openings 1220 and 1230 by about 5-50%, and,
hence, reinforces the sidewalls 1440 and the bottom areas 1450 of the openings 1220 and 1230. In various
illustrative embodiments, the densified regions 1420 and 1430 may be formed by being implanted with a
densification dose of silicon (Si), silicon dioxide (SiO;), germanium (Ge), and the like. The densification dose
of the densification implant 1400 may range from about 5.0x10" - 2.0x10'® jons/cm? at an implant energy
ranging from about 5-50 keV. The densified regions 1420 and 1430 may be subjected to a rapid thermal anneal
(RTA) process performed at a temperature ranging from approximately 400-1000°C for a time ranging from
approximately 5-60 seconds. The RTA process may activate the densification implant 1400 and reinforce the
densification process.

As shown in Figure 15, the trimmed photomask 1350 and the hard mask layer 1160 are then stripped,
the etch stop layer 1110 is removed above the first conductive structure 1125, and a thin barrier metal
layer 1525A and a copper seed layer 1525B are applied to the entire surface using vapor-phase deposition
(Figure 15). The barrier metal layer 1525A and the copper (Cu) seed layer 1525B blanket-deposit the entire
upper surface 1530 of the third dielectric layer 1130 as well as the sidewalls 1440 and bottom areas 1450 of the
first and second openings 1220 and 1230, and the first conductive structure 1125, thereby forming a conductive
surface 1535, as shown in Figure 15.

The barrier metal layer 1525A may be formed of at least one layer of a barrier metal material, such as
tantalum or tantalum nitride, and the like. For example, the barrier metal layer 1525A may also be formed of

titanium nitride, titanium-tungsten, nitrided titanium-tungsten, or another suitable barrier material. The copper
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seed layer 1525B may be formed on top of the one or more barrier metal layers 1525A by physical vapor
depasition (PVD) or chemical vapor deposition (CVD), for example.

The bulk of the copper trench-fill is frequently done using an eleciroplating technique, where the
conductive surface 1535 is mechanically clamped to an electrode (not shown) to establish an electrical contact,
and the structure 1100 is then immersed in an electrolyte solution containing copper (Cu) ions. An electrical
current is then passed through the wafer-electrolyte system to cause reduction and deposition of copper (Cu) on
the conductive surface 1535. In addition, an alternating-current bias of the wafer-electrolyte system has been
considered as a method of self-planarizing the deposited copper (Cu) film, similar to the deposit-etch cycling
used in high-density plasma (HDP) tetraethyl orthosilicate (TEOS) dielectric depositions.

As shown in Figure 16, this process typically produces a conformal coating of copper (Cu) 1640 of
substantially constant thickness across the enfire conductive surface 1535. As shown in Figure 17, once a

sufficiently thick layer of copper (Cu) 1640 has been deposited, the layer of copper (Cu) 1640 is planarized

using chemical ical polishing (CMP) techni The planarization using CMP clears all copper (Cu)
and barrier metal from the entire upper surface 1530 of the third dielectric layer [ 130, leaving the copper
(Cu) 1640 only in a metal structure such as a copper-filled trench and via, forming a copper-interconnect 1745,
adjacent remaining portions 1725A and 1725B of the one or more barrier metal layers 1525A and copper seed
layer 1525B (Figures 15 and 16), respectively, as shown in Figare 17.
As shown in Figure 17, the copper-interconnect 1745 may be formed by annealing the copper
{(Cu) 1640, adjacent the remaining portions 1725A and 1725B of the one or more barrier metal layers 1525A
and copper seed layer 1525B (Figures 15 and 16), to the first conductive structure 1125. The anneal process
may be performed in a traditional tube furnace, at a temperature ranging from approximately 100-500°C, for a
time period ranging from approximately 10-180 minutes, in a nitrogen-containing ambient that may comprise at
least one of N,, Hy, Ar, NH;, and the like. Alternatively, the anneal process may be a rapid thermal anneal
(RTA) process performed at a temperature ranging from approximately 100-500°C for a time ranging from
approximately 10-180 seconds in a nitrogen-containing ambient that may comprise at least one of N;, H, Ar,
and the like.
As shown in Figure 18, the low K third dielectric layer 1130 may be planarized, as needed, using
hemical hanical polishing (CMP) i Planarization would leave the planarized low K third

dielectric layer 1130 adjacent the copper-interconnect 1745 and above the etch stop layer 1115, forming a
portion of a copper-interconnect layer 1800. The copper-interconnect layer 1800 may comprise the
copper-interconnect 1745 adjacent the respective densified regions 1420 and 1430 of the second and third
dielectric layers 1120 and 1130, respectively. The copper-interconnect layer 1800 may also comprise the first
etch stop layer 1110. As shown in Figure 18, the copper-interconnect layer 1800 may also comprise an etch stop
layer 1820 (also known as a “hard mask” and typically formed of silicon nitride, SisN,, or SiN, for short)
formed and patterned above the third dielectric layer 1130 and above at least a portion of the
copper-interconnect 1745,

As shown in Figure 19, the copper-interconnect layer 1800 may be an underlying structure layer
(similar to the structure 1100) to a copper-interconnect layer 1900. In various illustrative embodiments, the
copper-interconnect layer 1900 may comprise a copper-filled trench 1940 adjacent densified regions 1945 of a
planarized low K dielectric layer 1935, an intermetal via connection 1910 adjacent densified regions 930 of a

9
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planarized low K dielectric layer 1925, and an etch stop layer 1915 between the low K dielectric layers 1935
and 1925. The intermetal via connection 1910 may be a copper (Cu) structure similar to the first copper (Cu)
structure 1125, and the intermetal via connection 1910 may be annealed to the copper-filled trench 1940 in a
similar fashion to the anneal described above in relation to the formation of the copper-interconnect 745
(Figure 7). The copper-interconnect layer 1900 may also comprise the etch stop layer 1820 and/or an etch stop
layer 1920 formed and patterned above the planarized low K dielectric layer 1935 and above at least a portion
of the copper-filled trench 1940.

In various alternative illustrative

the copper-i layer 1900 may be similar to
the copper-interconnect layer 1800, the copper-interconnect layer 1900 having a copper-interconnect disposed
therein (not shown) that is similar to the copper-interconnect 1745 (Figures 17-18), for example. The

copper-interconnect  disposed in the copper-interconnect layer 1900 may be annealed to the

copper-i 1745 di: d in the copper-interconnect layer 1800 in a similar fashion te the anneal
described above in relation to the formation of the copper-interconnect 1745 (Figure 17).

As shown in Figure 20, an MOS transistor 2010 may be an underlying structure layer (similar to the
structure 1100) to a copper-interconnect layer 2000. The copper-interconnect layer 2000 may comprise
copper-filled trenches and vias 2020 adjacent densified regions 2050 a planarized low K dielectric layer 2040.
The copper-filled trenches and vias 2020 may be annealed to an underlying conductive structure such as
source/drain regions 2015 of the MOS transistor 2010 in a similar fashion to the anneal described above in
relation to the formation of the copper-interconnect 1745 (Figure 17).

The dual-damascene copper process flow according to various embodiments of the present invention,
as shown in Figures I1-18, combines the intermetal via connection formation with the copper (Cu) trench-fill
formation by etching a more complex pattern before the formation of the barrier metal layer and copper (Cu)
seed layer and before the copper (Cu) trench-fill. The trench etching continues until the via hole (such as the
first opening 1220 in Figure 12) has been etched out. The rest of the dual-damascene copper process flow

to various

of the present invention, as shown in Figures 13-18, is essentially identical
with the corresponding single-damascene copper process flow according to various embodiments of the present
invention, as shown in Figures 3-8. Overall, however, the dual-damascene copper process flow according to
various embodiments of the present invention significantly reduces the number of processing steps and is a
preferred method of achieving copper-metallization.

Any of the above-disclosed embodiments of a method of forming a copper interconnect enables a
copper interconnect to be formed using conventional damascene techniques in conjunction with densified low K
dielectric materials that are far more robust than the conventional low K materials typically used in

conventional d: hni The densified low K dielectric materials are far less susceptible to damage

during the etching and subsequent processing steps of the conventional damascene techniques than are the
conventional low K materials. By forming a densified low K dielectric layer adjacent the copper interconnect,
all of the advantages of using a low K dielectric layer to reduce the capacitance and RC delays between adjacent
copper interconnects are retained, without any of the difficulties of forming the copper interconnect using a
conventional undensified low K dielectric during the conventional damascene processing.

The particular embodiments disclosed above are illustrative only, as the invention may be modified

and practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
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teachings herein. Furthermore, no limitations are intended to the details of construction or design herein shown,
other than as described in the claims below. It is therefore evident that the particular embodiments disclosed
above may be altered or modified and all such variations are considered within the scope and spirit of the
invention. In particular, every range of values (of the form, “from about a to about b,” or, equivalently, “from
approximately a to 6,” or, equivalently, “from approximately a-5") disclosed herein is to be understood as
referring to the power sct (the set of all subsets) of the respective range of values, in the sense of Georg Cantor.

Accordingly, the protection sought herein is as set forth in the claims below.
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CLAIMS
A method comprising:
forming a first conductive structure 140;
forming a first dielectric layer 130 above the first conductive structure 140;
forming a first opening 220 in the first dielectric layer 130 above at least a portion of the first
conductive structure 140, the first opening 220 having sidewalls 440;1and
densifying the sidewalls 440.

The method of claim 1, further comprising:

forming a metal structure in the first opening 220, the metal structure contacting the at least
the portion of the first conductive structure 140; and

forming an interconnect by annealing the metal structure and the first conductive structure
140.

The method of claim 2, wherein forming the first dielectric layer comprises forming the first

dielectric layer using a low dielectric constant (low K) dielectric material, having a dielectric constant K of at

most about four, and forming the second dielectric layer using one of a chemical vapor deposition (CVD)

process, a low-pressure CVD (LPCVD) process, a plasma-enhanced CVD (PECVD) process, a spultering

process, a physical vapor deposition (PVD) process, and a spin-on coating process.

4.

The method of claim 1, wherein densifying the sidewalls comprises implanting at least one of

silicon, silicon dioxide and germanium into the sidewalls.

A method comprising:

forming a first dielectric layer 130 above a structure layer;

forming a first opening 220 in the first dielectric layer 130;

forming a first copper layer 640 above the first dielectric layer 130 and in the first opening
220,

forming a copper structure by removing portions of the copper layer 640 above the first
dielectric layer 130, leaving the copper structure in the first opening 220;

forming a second dielectric layer 925 above the first dielectric layer 130 and above the copper
structure;

forming a second opening in the second dielectric layer 925 above at least a portion of the
copper structure, the second opening having sidewalls; and

densifying the sidewalls of the second opening.

The method of claim 5, further comprising:
forming a second copper layer above the second dielectric layer 925 and in the second
opening, the second copper layer 925 being disposed above the at least the portion of

the copper structure;
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forming the copper interconnect by removing portions of the second copper layer above the
second dielectric layer 925, leaving the copper interconnect in the second opening;

and

the copper il

7. The method of claim 6, further comprising:
planarizing the second dielectric layer 925, wherein forming the second dielectric layer 925
comprises forming the second dielectric layer using a low dielectric constant (Jlow K)

dielectric material, having a dielectric constant K of at most about four.

8. The method of claim 5, wherein forming the first dielectric layer 130 comprises forming the
first dielectric layer 130 using a low dielectric constant (low K) dielectric material, having a dielectric constant
K of at most about four, and forming the first dielectric layer using one of a chemical vapor deposition (CVD)
process, a low-pressure CVD (LPCVD) process, a plasma-enhanced CVD (PECVD) process, a sputtering

process, a physical vapor deposition (PVD) process, and a spin-on coating process.

9. The method of claim 5, wherein densifying the sidewalls of the second opening comprises

implanting at least one of silicon, silicon dioxide and germanium into the sidewalls of the second opening.

10. A method of forming a copper interconnect, the method comprising:

forming a first diclectric layer 130 above a structure layer;

forming a first opening 220 in the first dielectric layer 130;

forming a copper via in the first opening;

forming a second dielectric layer 925 above the first dilectric layer 130 and above the copper
via;

forming a second opening in the second dielectric layer 925 above at least a portion of the
copper via, the second opening having sidewalls; and

densifying the sidewalls of the second opening.

il. The method of claim 10, further comprising:
forming a copper line in the second opening, the copper line being disposed above the at least
the portion of the copper via; and

forming the copper interconnect by annealing the copper line and the copper via.

12. The method of claim 10, wherein forming the first dielectric layer 130 comprises forming the
first dielectric layer 130 using a low dielectric constant (low K) dielectric material, having a dielectric constant
K of at most about four, and forming the first dielectric layer using one of a chemical vapor deposition (CVD)
process, a low-pressure CVD (LPCVD) process, a plasma-enhanced CVD (PECVD) process, a sputtering

process, a physical vapor deposition (PVD) process, and a spin-on coating process.
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13. The method of claim 10, wherein densifying the sidewalls of the second opening comprises

implanting at least one of silicon, silicon dioxide and germanium into the sidewalls of the second opening.

14. A method of forming a copper interconnect, the method comprising:
forming a first dielectric layer 130 above a structure layer;
forming a first opening 220 in the first dielectric layer;
forming a first copper layer 640 above the first dielectric layer 130 and in the first opening
220;
forming a copper via by removing portions of the first copper layer 640 above the first
dielectric layer 130, leaving the copper via in the first opening 220;
forming a second dielectric layer 925 above the first dielectric layer 130 and above the copper
via;
forming a second opening in the second dielectric layer 925 above at least a portion of the
copper via, the second opening having sidewalls; and

densifying the sidewalls of the second opening.

15. The method of claim 14, further comprising:
forming a second copper layer above the second dielectric layer and in the second opening,
the second copper layer being disposed above the at least the portion of the copper
via;
forming the copper interconnect by removing portions of the second copper layer above the
second dielectric layer, leaving the copper interconnect in the second opening; and

annealing the copper interconnect.

16. The method of claim 15, further comprising:
planarizing the second dielectric layer 925, wherein forming the second dielectric layer 925
comprises forming the second dielectric layer using a low dielectric constant (low K)

dielectric material, having a dielectric constant K of at most about four.

17. The method of claim 14, wherein forming the first dielectric tayer 130 comprises forming the
first dielectric layer 130 using a low dielectric constant (low K) dielectric material, having a dielectric constant
K of at most about four, and forming the first dielectric layer 130 using one of a chemical vapor deposition
(CVD) process, a low-pressure CVD (LPCVD) process, a plasma-enhanced CVD (PECVD) process, a

sputtering process, a physical vapor deposition (PVD) process, and a spin-on coating process.

18. The method of claim 14, wherein densifying the sidewalls of the second opening comprises

implanting at least one of silicon, silicon dioxide and germanium into the sidewalls of the second opening.

-14-

2004-523132 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(32)

WO 03/007367 PCT/US02/18842
1/20
o
o ] =
e = _\r
-
o o
o
< 8| o
- —
L
o~ o
= ~—
H —
o H o~
3 L J
©

JP 2004-523132 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 03/007367

160

160

(33)

PCT/US02/18842

2/20
o
8 =S 5
N
Q
o 5
g o =2
g i
8 =
8| e -~/

JP 2004-523132 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 03/007367

160

160

34)

PCT/US02/18842

3/20
o
3 5
g
|
S 2
- = -

Figure 3

JP 2004-523132 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 03/007367

160

(35)

PCT/US02/18842

4120
(=] o ~
i =R .
- -—
<
S g
< 8' 3
)
v | 8 i
o
I.D A aad
<
§
N
<t
o (@]
N A and
-~ A ol
8‘ |
®

JP 2004-523132 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 03/007367

525A

525B

5/20

(36) JP 2004-523132 A 2004.7.29

o
™
0
[
[32)
<
Q
o
b A
N
(=]
=
<
[
(3]
< £18888868

o
)
A
o
[Te]
<t
§
N
<~
ayi
2l
8

PCT/US02/18842
o
~
~
(=]
N
<
0
o
S
=
Q
g| 2
-~ LL
(=
-
At




JP 2004-523132 A 2004.7.29

Q7

. 9 oanbi4
m oLl oc 0l
b l
) Q )
[
0zl ovl 07r ozL
o i HEHEHE
N
© ocl ocl
ov9
0€S V528 SeS

WO 03/007367

T T TR S S

08V g7z ) Oty a6zs

Lo L L L L L L L L L L L L L L L L L L L



JP 2004-523132 A 2004.7.29

(38)

3 L ainbig
8 oLl 0zy oLl
) N )
001
0zl orl Y47
o HEE
N
M~ bv-wral —
oSl i 0cl
09
(0} oSy
m 0€S
m 4514 Sl q62/

L T T T T S N T T T (|



JP 2004-523132 A 2004.7.29

(39)

g g aunbi4
3 0zZy
3 oLl oLl
0] »
001
ovl 0zv
0 [R—
o« s 3 AT
estte oSt
Ot} oy
028 ocY oSy 028

Syl

WO 03/007367

L T T T T S N T T T (|



JP 2004-523132 A 2004.7.29

(40)

3 6 94nbi4
5 0¥ — 02
z oLl oey oLl
0] 5
001
0zl orl 0zy 0z
m ......... % ............
(=] —_— : il
€L s
028 m ovv 0F! 0z8
16 e
526 N 056 016 516
_____________ N\
5 . 006 Gv6
: 5e6 o6 | G€6 026
2 o6 :

L T T T T S N T T T (|



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(41) JP 2004-523132 A 2004.7.29

WO 03/007367 PCT/US02/18842

o‘
AN
o
~
(=]
[¥e]
o
h ol
(=)
= :
~ s
. o
::'fE =
()
8 S ke E
=4 || =]
: (@)
Heed
2 L
2N
o
7o}
o
~
3
O‘ be)
S 2
S
o
Te}
O’
....... —




L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 03/007367

1160

1160

111720

(42)

PCT/US02/18842

1120

1130

1105

1125
1100

1120

1105

1110

1115

Figure 11

1115

1110

JP 2004-523132 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 03/007367

1160

1160

1230

(43)

PCT/US02/18842

12720
1 E

1120

1105

0

~

Yo}

1100

1110

1115

Figure 12

1115

1110

JP 2004-523132 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 03/007367

1160

1160

13/20

(44)

PCT/US02/18842

1120

)‘1220

1230

)

3
1120

1105

Te]

1
1100

w0

~

1110

1115  Figure 13 1115

1110

JP 2004-523132 A 2004.7.29



JP 2004-523132 A 2004.7.29

(45)

PCT/US02/18842

WO 03/007367

14 /20

olLL

ObLL Shil pL @ainbiq4  SibL
0011
GoLlL A
ocil 0zZv)
el
0cet— gppy
ozvlL
0S¥L
i 0eY) oev}
0941 ) 00%4

N
ﬂ ﬂ H a H H juejdwi uoneoyisuaq
1 1 | I 1 i

H

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L




JP 2004-523132 A 2004.7.29

(46)

ObLLL GLLL Gl ainbi4 SLiL OLLL
m 00LL
=
3
S0HE G2l GoLL
0eht | M _
o it B 0crl 0cl)
(A R :i:e522i2niinnd taatidinidinsadancd: a: - :
= oLl
0gLl o0ceclL :
ovvl
oevL
2 oest vGesi oeet
g Ges
: 0evl 057l Hseal ges)
=4
E

L T T T T S N T T T (|



JP 2004-523132 A 2004.7.29

(47)

SLLL OLLL

0LLL ShLb—  ozvL 91 @2inbi4
g 0041
£
0Ll Tl
0ctl 0zrl
[=} HHHHHH
N
6 ——
- 0L}
..... ovov
5 oS} vszsl 0zzl
2 oew! oee

T T T S S (S (|

GeSl
oEvl S [eraeq

Lo L L L L L L L L L



JP 2004-523132 A 2004.7.29

(48)

0LLL GLLL .1 ainB14 GLLL 0bLL
: orr
GOolLlL SZiL oLl
41 | 2D 0zLl
0 ............ 0
Q [ [ DR i
~ ki —
Sl ovor oclLlL
0Zvl
oevl
. 0EPL
m 0est vGZLl

L T T T T S N T T T (|




JP 2004-523132 A 2004.7.29

(49)

Syl

oLLL GLLL g1 24nbi4 SLiL oLLL
g oLl
2
SOLT 57T SOL)
0ctl 0zZvl 0zLh
[ I L e LR~ R NN S——
Q [
> 0081
N el ovoL el
0zvl
oevl
0281 oy, =028}
: 0esl vGzZLL
: gses)

L T T S S S (|

T T S R T '




JP 2004-523132 A 2004.7.29

(50)

PCT/US02/18842

WO 03/007367

oLLL Sib— 0P~ el aunbig GliL 0Ll
00kt
SoLL . )
444 0zrl 0zLl
QO BT
2 —
@ 0gpl 008l 0Erl
028l el 0voL el 08l
G611 S e -
T ( F
____________ Q 212Gl
Dot e D D L L Oomv
i . SY6l
561 561 5v8L Se6l =

0c6l

L T T T T S N T T T (|



JP 2004-523132 A 2004.7.29

(51)

PCT/US02/18842

WO 03/007367

0Z @anbi4

20/20

o0Loe

0202 0¥02Z

0s0¢
000¢

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L

050¢

0c0¢

0602



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Oooooooog

OOoo0ooooao
O0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
O0Ooo0oo0oooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao

I Y [y
O 0o oo
I [
O 0o oo
O 0Ooogoo
O Ooogo
O 0o oo

O0Ooo0oooo

OooooooogoQgdg
OooooogoQgdg

O
O
O
O

O Ooooo
O Ooooo
O OooOooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo

O
O
O
O
O
O

O
O
O
O
O
O

O0Ooo0oooao

O 0Oo0oooao

O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao

O
O
O

O
O
O
O

30 90

ood

O

O0Oo0oo0oo0oao

O

O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O OooOgooo
O Oogoo
O 0Ooo0ooOoo
O o0oo0oore

(2004.

ooao

O
O

O d
O d
0O O

O O
O O
O O

3.9)

O
O
O
O
O
O
O

O O

O
O
O
O
O
O
O
O
O
OJ

O
O
O
O
(]
O
O
O
O
O

(52)

JP 2004-523132 A 2004.7.29

O Ooooo
O Ooooo
O 0OooOooo

O

O

O

O
O
O
O
(]
O

ooogao

ooogao

oogao

ooogao

o
=
1
Ooooo =

O Oooo
O Oooo

gbobooboooboooaadab
Low-KO OO OOOODOAO
g o

goooooooooobao



Ooooooooooooood
Oo0oooooogoooooood
OO0 Do oDooogoggogooooood
Oooooooooooooood
Oo0ooooooooooooodg

O

ogagaod
oo
ggag

Ooooooooooooooooooodg

(53) JP 2004-523132 A 2004.7.29

ugboobooouoboobobouoboooboooboobooboobooaod

oooooooooocoooooooooao

gbooobooboobooooobooboobooboooouoboobooboao

gbooboboobobobogoboobooboobooboogoboboobDao
gboooodgogboad

O Oooo

O
O
O
O
O

OooooooogoQgdg
O
O
O
O
O
O

gooobooooboooboobooboboooboobobooboobonn

igbobogogboooboooooboobobooboobooobooboooboooboOoobaa

ooooooooooooi1l0boooooooobobooooOoooooobi1oaon
oooooooooooooooooobobooboooopooooooooggooao

U0odooooooooogooooooooooggoooooooogoggag

O

oo

0000
0000
0000
0000

gooobooboboobooboooboobobooboobooobobilbada
ooooooooboboOoooouoooooboooooooooobooooboooOooao
goi1ioogogoboooboboobobooboboogoboobooobooobobnn
giigooogboado



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(54)

gbooogbodaoan

It~ 3nal Application No

INIERNATIONAL SEARCH REPORT
PCIZUS 02/18842

CLASSIFICATION OF SBJECT MATTER

TPe T H0TL 217768

Paten! Gl (IPC) or lo both national classification and IPC

8. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 HOIL

Documentation searched other than minimum documentalion 1o the extenl that such documents are included in the fields searched

Eleclronic dala base consulled during the intemational search (name of dala base and, where practical. scarch terms used)

EPO-Internal, PAJ, INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

column 6, 1ine 5 —column 9, line 21;
figures 3-11

X US 6 114 259 A (HU JOHN RONGXIANG ET AL) 1

column 7, line 17 ~ line 26
column 7, 1ine 65 -column 8, line 11
column 9, line 57 - line 65

Calegory ® | Gilation of document, with indication, where appropriate, of the relevant passages Aelevant to claim No.
X US 6 221 780 B1 (MCGAHAY VINCENT J ET AL) 1,5,8,
24 April 2001 (2001-04-24) 10,12,
14,17
A column 1, 1ine 41 - line 53 2,3,6,7,
11,15,16

5 September 2000 (2000-09-05)
A column 3, Tine 64 -column 6, Tine 50 5,8,10,
12,14,17

figures 1-5

column 10, Tline 50 -column 11, line 5;

Further dacuments are listed in the continuation of box C

E Palent tamily members are listcd in annex

© Special categories of cited documents :

*A* documenl defining the general stalc of the an which is not
considered fo be of pariiculas relevance

*E* earlicr document but published on of after the international
filing date

*L* document which may throw doubts on priorily claim(s) or
which is ciled Lo establish the publication dalc of another
Gilation or other special reason (as specili

*0* document referring to an oral disclosure, use, exhibilion or
other means

*P* document published prior lo the inlernationa! filing date but
later than the priority dale claimed

*T* later document published afler the international filing date
‘or priority date and not in confiict with the application bul
cited 10 understand the principle or theory underlying the
invention

*X* document of particular relevance: the claimed invention
canriot be considered novel or cannot be considered to
involve an inventive slep when the document is taken alone

*¥* document of particular relevance; the claimed invention
cannot be considered lo involve an inventive slep when the
document is combincd with one of more ofher_ stch docy
ments, such combination being obvious lo a_person skilled
in the art.

*&* document member of the same palent family

Date of the aclual completion of the international search

18 December 2002

Date of malling of the internalional search ropar

30/12/2002

Name and mailing address of the ISA
European Patent Office, B, 5818 Patentlaan 2
NL - 2280 HV Rijswik
Tel. (+31-70} 340-2040. Tx. 31 651 epo nl,
Fax: (¢31-70) 340-3016

Aulhorized offices

Micke, K

Fom PCT/ISA210 (second sheety (July 1962)

JP 2004-523132 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH REPORT

(55)

It anal Application No

PuisUS 02/18842

)

DOCUMENTS CO > TO BE RELEVANT

Category *

Citation of document, with indication where appropriate, of the relevant passages.

Helevanl 1o claim No.

P,X

PATENT ABSTRACTS OF JAPAN
vol. 2000, no. 26,

1 July 2002 (2002-07-01)
~& JP 2001 267418 A (SANYO ELECTRIC CO
LTD), 28 September 2001 (2001-09-28)
abstract

paragraph ‘0020! - paragraph ‘0036!;
figures 1,2

Form PGT/SA2210 (continuation of second sheat) (July 1992}

JP 2004-523132 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(56)

It onal Application No

INTERNATIONAL SEARCH REPORT
Pui/suS 02/18842

Mormation on patent tamilv members

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6221780 B1 24-04-2001 US 2001000115 Al 05-04-2001
US 6114259 A 05~09-2000  NONE

JP 2001267418 A 28-09-2001  NONE

Form POT/ISA210 (patent family annex) iuly 1992)

JP 2004-523132 A 2004.7.29



(57) JP 2004-523132 A 2004.7.29

gobogooaon

@éGnoooooono  AP(GH,GM,KE,LS,Mw,Mz,SD,SL,SZ,TZ,UG,ZM,ZW) ,EA(AM,AZ,,BY ,KG,KZ ,MD,RU, TJ, TM) ,EP (AT,
BE,CH,CY,DE,DK,ES,FI,FR,GB,GR, IE,IT,LU,MC,NL,PT,SE, TR) ,0OA(BF,BJ,CF,CG,CI,,CM,GA,GN,GQ, GW, ML ,MR,,NE, SN,
TD,TG),AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ ,EC,EE,ES,FI,GB,GD, GE,
GH,GM,HR,HU, ID, IL, IN, IS, JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,MG,MK,MN ,MW ,MX ,MZ ,NO,NZ,OM, PH, P
L,PT,RO,RU,SD,SE,SG,SI,SK,SL,TI, TM, TN, TR, TT, TZ,UA, UG, US,UZ VN, YU, ZA, ZM, ZW

(74)000 100108604
ooooooooo

(7000 000000000000000
000000000000000000000000000000000000000000

(72000 0000000000
00000000000000000000000000000000000000000000
ooooo

(7000 000000000000000
00000000000000000000000000000000000000000000

(7000 000000000000
00000000000000000000000000000000000000000000
oo

(72000 000000000
00000000000000000000000000000000000000000000

000
O000(00) 5F033 HH21 HH23 HH32 HH33 JJ11 JJ21 JJ23 JJ32 JJ33 KK1l
0000 OO0 KK21 KK32 KK33 MMOL MMO2 MM12 MM13 NNO6 NNO7 PPOG
0000 OO0 PP14 PP27 QQO9 QQ13 QQ16 QQ25 QQ28 QQ37 QQ48 QQ60
oooo 0o Q61 QQ73 RRO1 RRO6 SSO7 SSO8 SS11 SS13 SS15 SS21

ooog oo 1702 TTO6 WWQ9



	bibliographic-data
	abstract
	claims
	description
	drawings
	international-document-image-group
	written-amendment
	search-report
	overflow

