
Title: METHODS FOR FORMING ROUGH RUTHENIUM-CONTAINING LAYERS AND
STRUCTURES/METHODS US- ING SAME      Abstract: A method for forming a rough
ruthenium-containing layer on the surface of a substrate assembly includes
providing  a ruthenium-containing precursor into the reaction chamber. A
rough ruthenium layer may be deposited on the surface of the sub- strate
assembly at a rate of about 100 [err]/minute to about 500 [err]/minute
using the ruthenium-containing precursor. Further, a rough  ruthenium oxide
layer may be formed by providing a ruthenium-containing precursor and an
oxygen-containing precursor into the  reaction chamber to deposit the rough
ruthenium oxide layer on the surface of the substrate assembly at a rate of
about 100 [err]/minute  to about 1200 [err]/minute. An anneal of the layers
may be performed to further increase the roughness. In addition, conductive
struc- tures including a rough ruthenium layer or a rough ruthenium oxide
layer are provided. Such layers may be used in conjunction with  non-rough
ruthenium and/or non-rough ruthenium oxide layers to form conductive
structures. For example, such structures may be  part of a capacitor
structure, e.g., bottom electrode of a capacitor. 10 March 2004 METHODS FOR
FORMING ROUGH RUTHENIUM CONTAINING  LAYERS AND STRUCTURES/METHODS USING
SAME Field of the Invention 



5 The present invention relates to semiconductor devices and the
fabrication thereof More particularly, the present invention pertains to
rough  conductive layers of ruthenium and/or ruthenium oxide. Background of
the Invention 10 In the fabrication of integrated circuits, various
conductive layers are  used. For example, during the formation of
semiconductor devices, such as  dynamic random access memories (DRAMs),
conductive materials are used in  the formation of storage cell capacitors
and also may be used in  interconnection structures, e.g., conductive
layers of contact holes, vitas, etc. is As memory devices become more
dense, it is necessary to decrease, the  size of circuit components forming
such devices. One way to retain storage  capacity of storage cell
capacitors of the memory devices and at the same time  decrease the memory
device size is to increase the dielectric constant of the  dielectric layer
of the storage cell capacitor. Therefore, high dielectric constant 20
materials are used in such applications interposed between two electrodes.
One or more layers of various conductive materials may be used as the
electrode material. Further, to the increase the capacitance for a storage
cell capacitor of a  memory device without increasing the occupation area
of the storage cell 25 capacitor, various techniques have been used to
increase the surface area of the  lower electrode of the capacitor. For
example, hemispherical grains (HSG)  have been used to enhance such surface
area of the lower electrode of a  capacitor of a memory device. In one
illustrative HSG technique, an HSG silicon surface is used as an  30
underlayer for a metal layer to form a lower electrode having an increased
1 10 March 2004 surface area. For example, such a coextensive conductive
layer formed over  the hemispherical grain silicon surface may be formed of
titanium nitride. However, in many cases, the use of HSG to enhance surface
area of the  lower electrode is problematic. For example, when an HSG
silicon surface is  5 used as an underlayer for a metal in a container
capacitor (e.g., a container 



capacitor such as described in U.S. Patent No. 5,270,241 to Dennison, et
al.,  entitled "Optimized Container Stack Capacitor DRAM Cell Utilizing
Sacrificial Oxide Deposition and Chemical Mechanical Polishing," issued
December 14, 1993) there is a possibility of forming silicon dioxide
between 10 the HSG silicon surface and the metal layer of which the
electrode is formed  when the dielectric layer is being formed due to the
diffusion of oxygen  through the metal layer. Further, there is the
possibility of silicon dioxide  formation between the metal layer and the
dielectric being formed due to the  diffusion of silicon through the metal
layer. Such silicon dioxide formation is 15 likely due to the oxygen anneal
required for formation of high dielectric  constant materials, e.g., Ta2O5
or BaSrTiO3, over the lower electrode.  However, reliable electrode
connections are necessary. Formation of silicon dioxide as described above
decreases the reliability of the electrode  connection. Further, such
silicon dioxide formation may result in a decreased  20 series capacitance,
thus degrading the storage capacity of the cell capacitor. To prevent the
diffusion of oxygen to the HSG silicon surface, or the  diffusion of
silicon through the metal layer, the use of a diffusion barrier, such  as
titanium nitride, may be used between the HSG silicon surface to form the
lower electrode. The use of a diffusion barrier over the HSG silicon
surface, 25 however, also has problems associated therewith. For example,
the container  size of a container capacitor is. relatively small. With use
of multiple layers,  such as HSG silicon surface, a diffusion barrier, and
then a lower metal  electrode layer, a container having an undesirably
large size may be required. Further, formation of a diffusion barrier layer
over an increased surface  30 area of an HSG silicon surface, and
thereafter a lower metal electrode layer  thereon, will decrease the
effectiveness of the HSG layer to increase the  surface area of the lower
electrode. In other words, the surface area of the  HSG silicon surface is
decreased by application of the diffusion barrier layer, 2 10 March 2004
and then further decreased by the application of the lower electrode layer.
In  such a manner, the effectiveness of increasing the lower electrode
surface area  



with use of HSG is diminished. Further, grain size of an HSG silicon
surface is somewhat limited. For  5 example, such grain size is typically
less than 200A in nominal diameter. As  such, the increase in surface area
provided through use of HSG is limited  accordingly. Generally, various
metals and metallic compounds, for example, metals such as ruthenium and
platinum, and conductive metal oxides, such as 10 ruthenium oxide, have
been proposed as the electrodes for at least one of the  layers of an
electrode stack for use with high dielectric constant materials.  Ruthenium
oxide and ruthenium electrodes have been employed as electrode  materials
because of the ability to easily etch such materials. For example, the
article entitled, "(Ba,Sr)TiO3 Films Prepared by Liquid Source Chemical 15
Vapor Deposition on Ru Electrodes ," by Kawahara et al. Jpn.J. Appl. Phys.,
Vol. 35 (1996), Part 1, No. 913 (September 1996), pp. 4880-4885, describes
the  use of ruthenium and ruthenium oxide for forming electrodes in
conjunction  with high dielectric constant materials. As described therein,
surface  roughening of such materials is believed to attribute to
degradation of the 20 structures being formed.. Further, as described
therein, ruthenium and ruthenium oxide materials  were deposited by
physical vapor deposition (PVD) processing, e.g., reactive  RF sputtering
processes. Many storage cell capacitors are fabricated which  include
electrode layers that are formed of a conductive material within a small 25
high aspect ratio opening. Typically, sputtering does not provide a
sufficiently  conformal layer adequate for formation of an electrode layer
within such a  small high aspect ratio opening. 30 Summary of the Invention
There is a need in the art to increase the surface area of a lower
-electrode structure without increasing the occupation area of the
capacitor  structure. Further, it is desirable that such an increase in
surface area does not  have one or more of the problems described above
associated with the use of 3 



10 March 2004 HSG. To overcome the problems described above, and others
that will be  readily apparent from the description below, rough conductive
layers of  ruthenium and/or ruthenium oxide are formed according to the
present  invention. For example, a rough conductive layer including
ruthenium can be 5 used as the lower or bottom electrode of a capacitor
structure increasing the surface area of the lower electrode without
increasing. the occupation area and  without the need for HSG silicon
formation. As HSG silicon is not used, there  is less danger of silicon
dioxide formation. Further, the use of a rough conductive layer of
ruthenium and/or ruthenium oxide may reduce processing  10 costs by
eliminating the need for HSG silicon formation and possibly  formation of a
diffusion barrier. A method for forming a rough conductive layer (e.g., a
layer having an  RMS surface roughness in a range of about 50 A to about
b00 A) in the  fabrication of integrated circuits according to the present
invention includes 15 providing a substrate assembly in a reaction chamber
with the substrate  assembly including a surface. The substrate assembly
surface is maintained at  a temperature in a range of about 100C to about
400C and the pressure of the  reaction chamber is maintained in a range of
about 0.4 torr to about 10 torn. A  carrier gas at a flow rate of about 100
seem to about 500 scan is provided 20 through a ruthenium containing
precursor maintained at a temperature of about  15C to about 100C into the
reaction chamber to deposit a rough ruthenium  layer on the surface of the
substrate assembly. In various embodiments of the method, the method may
include  providing a diluent gas at a flow rate of about 100 seem to about
500 seem into  25 the reaction chamber, the substrate assembly surface may
be maintained at a temperature in the range of about 150C to about 250C,
the rough ruthenium  layer may be deposited at a rate of about 100 A/minute
to about 500 A/minute,  and the method may further include annealing the
rough ruthenium layer at a  temperature in a range of about 300C to about
900C for a time period in a 30 range of about 30 seconds to about 30
minutes. Further, the anneal may be  performed in a gas atmosphere
subjected to a glow discharge created by  



applying an electromagnetic field across the gas mixture. 10 March 2004 In
another method according to the present invention for forming a  rough
conductive layer in the fabrication of integrated circuits, a substrate
assembly including a surface is provided in a reaction chamber. A
ruthenium- containing precursor is provided into the reaction chamber and a
rough 5 ruthenium layer is deposited on the surface of the substrate
assembly at a rate  of about 100 A/minute to about 500 A/minute, preferably
at a rate of about 200  A/minute to about 300 A/minute. Another method for
forming a rough conductive layer (e.g., a layer  having an RMS surface
roughness in a range of about 50 A to about 600 A) in  10 the fabrication
of integrated circuits according to the present invention includes
providing a substrate assembly having a surface into a reaction chamber. A
ruthenium-containing precursor is provided into the reaction chamber along
with an oxygen-containing precursor. A rough ruthenium oxide layer is
deposited on the surface of the substrate assembly at a rate of about 100
15 A/minute to about 1200 A/minute, preferably, at a rate of about 300
A/minute  to about 600 A/minute. In one embodiment of the method, the
ruthenium-containing precursor  is provided into the reaction chamber by
providing a carrier gas at a flow rate  of about 100 sccm to about 500 seem
through the ruthenium-containing 20 precursor maintained at a temperature
of about 15C to about 100C, and then  into the reaction chamber. Further,
the oxygen-containing precursor is  provided into the reaction chamber at a
flow rate of about 100 seem to about  2000 sccm. In other embodiments of
the method, the substrate assembly surface 25 maybe maintained at a
temperature in a range of about l 00C to about 400C,  the pressure of the
reaction chamber may be maintained in a range of about 0.4  torr to about
100 tort, and the rough ruthenium oxide layer may be annealed at  a
temperature in a range of about 300C to about 900C for a time period in a
range of about 30 seconds to about 30 minutes. Further, the anneal may be
30 done in a gas atmosphere subjected to a glow discharge created by
applying an  



electromagnetic field across the gas mixture. A conductive structure
according to the present invention includes at  least a rough ruthenium,
layer. A surface of the rough ruthenium layer has a 5 10 March 2004 surface
area greater than. about 1.2 times a surface area of a completely smooth
surface having a substantially identical shape as the surface of the rough
ruthenium layer. Preferably, the surface area is greater than about 1.5
times the  surface area of the completely smooth surface having the
substantially identical  shape. as the surface. of the rough ruthenium
layer. In other embodiments of the conductive structure, the conductive
structure may include non-rough ruthenium upon which the rough ruthenium is
formed. Likewise, the conductive structure may include nog, rough ruthenium
oxide upon which the rough ruthenium is formed. Another conductive.
structure according to the present invention  includes at least a rough
ruthenium oxide layer. A surface of the rough  ruthenium oxide layer has a
surface area greater than about 1.2 times a surface area of a completely
smooth surface having a substantially identical shape as  the surface of
the rough ruthenium oxide .layer. Preferably, the surface area. is  greater
than about 1.5 times the surface area of the completely smooth surface
having the substantially identical shape as the surface of the rough
ruthenium  oidde. layer .In other embodiments of the conductive structure,
the conductive  structure may include non rough ruthenium .upon which the
rough ruthenium  oxide is, formed In other. embodiments of the present
invention, the above  methods and conductive structures may be: formed as
part of a capacitor  .structure. For example, the conductive structure may
be formed as a first  electrode or bottom. electrode of a capacitor. A
method of forming a conductive structure according to the present
invention comprises forming. non-rough ruthenium-containing material at a
first  deposition rate; and forming rough ruthenium-containing material on
the non-rough  



ruthenium-containing material at a second deposition rate, wherein the
second  deposition rate is greater than the first deposition rate. 6 1 0
March 2004 A method for use in forming a capacitor according to the present
invention comprises providing a substrate assembly in a reaction chamber,
the  substrate assembly including at least one surface; and forming an
electrode on the at least one surface of the substrate assembly,  wherein
forming the electrode comprises: providing a ruthenium-containing precursor
into the reaction chamber, and depositing a rough ruthenium layer on the
surface of the substrate  assembly from the ruthenium precursor at a rate
of about 100 A/minute to about  500 A/minute. Another method for use in
forming a capacitor according to the present  invention comprises providing
a substrate assembly in a reaction chamber, the  substrate assembly
including at least one surface; and forming an electrode on the at least
one surface of the substrate assembly,  the forming of the electrode
comprising: providing a ruthenium-containing precursor into the reaction
chamber,  providing an oxygen-containing precursor into the reaction
chamber, and  depositing a rough ruthenium oxide layer on the surface of
the substrate assembly at a rate of about 100 A/minute to about 1200
A/minute, wherein the  RMS roughness of the rough ruthenium oxide layer is
in a range of about 50 A to  about 600 A or a nominal center cross-section
area of grains at a surface of the  rough ruthenium oxide layer is in a
range of about 100 A to about 800 A. A capacitor structure according to the
present invention comprises a first  electrode formed of at least a rough
ruthenium layer, wherein a surface of the  rough ruthenium layer has a
surface area greater than about 1.2 times a surface  area of a completely
smooth surface having a substantially identical shape as the  surface of
the rough ruthenium layer; a dielectric layer formed on at least a portion
of the first electrode; and  



a second conductive layer formed on the dielectric layer. 6a 10 March 2004
Another capacitor structure according to the present invention comprises a
first electrode formed of at least a rough ruthenium oxide layer, wherein a
surface  of the rough ruthenium oxide layer has a surface area greater than
about 1.2 times  a surface area of a completely smooth surface having a
substantially identical shape as the surface of the rough ruthenium oxide
layer; a dielectric layer formed on at least a portion of the first
electrode; and  a second conductive layer formed on the dielectric layer.
Brief Description of the Drawings  The present invention will be better
understood from reading the following description of illustrative
embodiments with reference. to the attached drawings; wherein below: Figure
IA generally shows a rough conductive layer of either ruthenium :or
ruthenium oxide formed on a substrate, assembly according to the .  present
invention. Figure 1B is a detailed diagram of a portion of a surface of the
rough  conductive layer of Figure. IA 6b 10 March 2004 Figures 2A. 2D
illustrate a multiple step method of forming a rough  lower electrode
according to the present invention for use in a capacitor structure.
Figure 3 is an illustrative diagram of a container capacitor structure 5
using a rough lower electrode formed according to the present invention in
a  storage cell capacitor application. Figures 4-5 are example ruthenium
layers for illustrating the  comparison of rough and non rough ruthenium
layers. Figures .6-7 are example ruthenium oxide layers for illustrating
the  10 comparison of non rough and rough ruthenium oxide layers. Detailed
Description of the Embodiments 



The present invention shall be described generally with reference to
Figures 1-2. Thereafter, an illustration of a capacitor structure
application of 15 the present invention shall be described with reference
to Figure 3 and  Examples of forming rough ruthenium and rough ruthenium
oxide layers are  given with reference to Figures 4-7. Figure IA shows a
structure 10 including a substrate assembly 12 and a  roughened conductive
layer 14, i.e., a layer having a rough surface 19. The 20 present invention
describes methods of forming roughened conductive layers  by chemical vapor
deposition and annealing. Generally, the roughened  conductive layer 14 is
formed of ruthenium and/or ruthenium oxide. Roughened surfaces of
conductive materials formed according to the  present invention are
particularly useful as a lower electrode of a capacitor  25 structure for a
memory device such as a DRAM. However, it should be understood that the
methods of providing rough conductive layers including  rough ruthenium
and/or ruthenium oxide layers can be used in any application  or structure
in which a rough conductive layer would be useful. As used in this
application, substrate assembly refers to either a 30 semiconductor
substrate such as the base semiconductor layer, e.g., the lowest  layer of
a silicon material on a wafer, or a silicon layer deposited on another
material, such as silicon on sapphire,. or a semiconductor substrate having
one  or more layers or structures formed thereon or regions formed therein.
When 7 10 March 2004 reference is made to a substrate assembly in the
following description, various  process steps may have been previously used
to form or define regions,  junctions, various structures or features, and
openings such as vias, contact  openings, high aspect ratio openings, etc.
For example, as used herein, 5 substrate assembly may refer to a stricture
upon which a lower electrode of a  capacitor structure is formed. It will
be understood that the methods of the present invention are  typically
performed in chemical vapor deposition (CVD) chambers of the type  used to
process semiconductor wafers, although any equipment and method for 



10 depositing layers according to the present invention may be used. For
example, the CVD processes described herein may be carried out in a
chemical  vapor deposition reactor, such as a reaction chamber available
under the trade  designation of 7000 from Genus, Inc. (Sunnyvale, CA), a
reaction chamber  available under the trade designation of 5000 from
Applied Materials, Inc. 15 (Santa Clara, CA), or a reaction chamber
available under the trade designation  of Prism from Novelus, Inc. (San
Jose, CA). However, any reaction chamber  suitable for performing CVD may
be used. Chemical vapor deposition is defined as the formation of a
nonvolatile  solid film on a substrate by reaction of vapor phase
reactants, i.e., reacting 20 gases, that contain desired components. The
reacting gases are introduced into  the reaction chamber. The gas is
decomposed and reacted at a heated wafer  surface to. form the desired
layer. Chemical vapor deposition is just one  process of providing thin
layers on semiconductor wafers, such as films of  elemental metals or
compounds, e.g., platinum, ruthenium, ruthenium oxide, 25 etc. Chemical
vapor deposition processes are capable of providing highly  conformal
layers even within deep contacts, container openings, and other  openings:.
Thus, as described further below with reference to the-figures, CVD
processing is. preferably used to provide high conformal layers within
openings  such as for lower electrodes of storage cell capacitors, e.g.,
container 30 capacitors. It will be readily apparent to one skilled in the
art that although  CVD. is the preferred process, the CVD process may be
enhanced by various  related techniques such as plasma assistance, photo
assistance, laser assistance,  as well as other techniques. . . 8 10 March
2004 As used herein, the term "deposition temperature" will typically refer
to  the surface temperature of the substrate assembly or layer on which a
material  is being deposited; the term "flow rate" as used in connection
with gas flow  rates will typically refer to the gas f low rate into the
CVD reaction chamber; 5 and the term "deposition pressure" will typically
refer to the pressure in the  CVD chamber. 



Further, it will be understood that as used in connection with the  present
invention, the term "annealing" may be performed in the CVD chamber and
includes exposing a structure being formed to any combination of  10
temperature and pressure for a predetermined time which will enhance the
surface area of the rough conductive layer deposited. Such annealing may be
performed in a gas atmosphere and with or without plasma enhancement. One
preferred method of forming a rough conductive layer 14 is by  depositing a
ruthenium layer by CVD. The CVD process is conducted with a 15 ruthenium
containing precursor being delivered to a reaction chamber. Diluent  gases
may also optionally be provided to the reaction chamber. The
ruthenium-containing precursor may be a liquid or a solid at room
temperature. Typically, however, such precursors are liquids. If they are
solids, they are preferably sufficiently soluble in an organic solvent or
have 20 melting points below their decomposition temperature such that they
can be  used in flash vaporization, bubbling, microdroplet formation
techniques, etc.  However, they may also be sufficiently volatile that they
can be vaporized or  sublimed from the solid state using known chemical
vapor deposition techniques. Thus, the precursor composition of the present
invention can be in  25 solid or liquid form. As used herein, "liquid"
refers to a solution or a neat  liquid (a liquid at room temperature or a
solid at room temperature that melts-at  an elevated temperature). As used
herein, a "solution" does not require  complete solubility of the solid;
rather, the solution may have some undissolved material. Preferably,
however, there is a sufficient amount of the  30 material that can be
carried by the organic solvent into the vapor phase for  chemical vapor
deposition processing. Preferably, the ruthenium-containing precursor is
generally a liquid  precursor. The ruthenium-containing precursor maybe,
for example, 9 10 March 2004 tricarbonyl (1,3-cyclohexadiene)Ru,
(C11H19O2(C8H12)Ru, or any other  suitable ruthenium-containing precursor.
If the ruthenium-containing precursor is a liquid, it may be delivered  



through use of bubbling techniques. Generally, the liquid precursor is
contained in a bubble reservoir through which a carrier gas, such as helium
or any other inert gas, i.e., a gas that is nonreactive with other gases in
the process  (e.g., nitrogen, argon, neon, and xenon) is passed. In other
words, the carrier  gas is bubbled through the reservoir containing the
precursor to deliver the precursor to the reaction chamber. 10 One skilled
in the art will recognize that the manner in which the gases  are
introduced into the reaction chamber may include one of various
techniques. For example, in addition to provision by bubbler techniques,
the  introduction maybe accomplished with the use of compounds which are
gases  at room temperature or by heating a volatile compound and delivering
the 15 volatile compound to the reaction chamber using a carrier gas.
Further, solid  precursors and various methods of vaporizing such solid
precursors may also  be used for introduction of reactant compounds into
the chamber. As such, the  present invention is not limited to any
particular technique. Further, typically, the reacting gases are admitted
at separate inlet ports.  20 In addition to the other gases provided to the
reaction chamber, an optional  diluent gas, i.e., a gas that is nonreactive
with the reacting gases, may also be  introduced in the chamber such as to
change the partial pressures of the gases  therein. For example, argon or
nitrogen may be introduced into the chamber at  a varied flow rate. . 25 To
achieve the desired roughness for the rough conductive layer 14  formed of
ruthenium, a relatively high deposition rate is used. However, step
coverage must be maintained at the high deposition rate. To maintain such
step coverage, a high concentration of ruthenium-containing precursor to
the  reaction chamber must be provided. 30 Preferably, the deposition rate
for forming a rough ruthenium layer 14  while maintaining step coverage is
a deposition rate in the range of about 100  A/minute to about 500
A/minute. More preferably, the deposition rate is in a  range of about 200
A/minute to about 300 A/minute. Yet further, to maintain 10 10 March 2004 



the step coverage with a high concentration of ruthenium-containing
precursor  provided to the reaction chamber, preferably, a flow rate of
about 100 sccm to  about 500 scan of carrier gas (e.g., He, 02, or any
other gas that is non reactive  with the precursor) through a
ruthenium-containing precursor held in a bubbler 5 reservoir at a
temperature of about 15C to about 100C is provided to the  chamber. More
preferably, the f low rate of carrier gas through the ruthenium  containing
precursor to the reaction chamber is at a rate in the range of about  150
scan to about 250 scan. Further, to achieve the desired higher deposition
rate as described  10 above, various other parameters of the CVD process
may be varied. Preferably, the deposition pressure of the CVD process is in
the range of about  .4 torr to about 10 tors. More preferably, the pressure
is in the range of about 2  torn to about 4 tors. Further, the deposition
temperature of the CVD process is  preferably in a range of about 100C to
about 400C. More preferably, the i5 deposition temperature is in the range
of about 1 50 C to about 250C.  Preferably, the CVD process is performed
without any plasma  enhancement. Further, preferably, a diluent gas is
provided into the reaction  chamber at a rate of about 100 sccm to about
500 sccm. Preferably, the diluent  gas is one of nitrogen or argon. 20 The
flow rate of the ruthenium-containing precursor into the reaction  chamber
can be increased in a number of manners. For example, a higher  bubbler
temperature can be used when the ruthenium-containing precursor is
provided to the reaction chamber through the use of a bubbler. However, _
preferably the ruthenium-containing precursor is held at room temperature.
25 Further, shorter and/or larger gas lines may also be used to increase
the  concentration of the ruthenium-containing precursor in the reaction
chamber,  e.g., a shorter gas line allows the pressure in chamber holding
the ruthenium- containing precursor to be lower which increases the amount
of precursor in  the carrier gas. 30 According to the present invention,
the roughness of the ruthenium  layer 14 is greater at increased deposition
pressures within the range described  above. Further, the roughness of the
ruthenium layer 14 is greater at increased 



11 10 March 2004 deposition temperatures. Such CVD parameters may be varied
to attain a  desired roughness within the ranges as described herein. The
roughness of the surface of a rough ruthenium layer 14 useful in
accordance with the present invention may be characterized in one or more 5
different manners as described below One manner of characterizing a rough
ruthenium layer is based on the RMS (root mean square) surface roughness of
the rough ruthenium layer. Preferably, a rough ruthenium layer has an RMS
surface roughness in a range of about 50 A to about 600 A. RMS (root mean
square) surface roughness may be determined using, for example, Atomic 10
Force Microscopy (AFM), Scanning Tunneling Microscopy (STM), or  Scanning
Electron Microscopy (SEM) and is based on a statistical mean of an
R-range, wherein the R -range is a range of the radius (r) (as shown in
Figure  1B) of a grain size. The determination of RMS (root mean square)
surface  roughness is known to those skilled in the att. 15 Alternatively,
or in addition to other manners of characterizing the  rough layer, the
rough ruthenium layer may be characterized based on the  cross-section
grain size of the grains of the layer being deposited. Preferably,  the
nominal cross-section grain size is represented by the nominal diameter
through the center of the grains. The nominal diameter for a rough
ruthenium 20 layer is preferably in the range of about 100 A to about $00
A. More  preferably, the cross-section nominal diameter through the center
is in the  range of about 200 A to about 500 A. Alternatively, or in
addition to other manners of characterizing the  rough layer, a rough
ruthenium surface may be characterized based on a 25 comparison of the
surface area of the rough ruthenium surface relative to the  surface area
of a completely smooth surface (i.e., a surface with no grain  structure,
e.g., valleys, peaks, etc.) having a substantially identical shape as the
rough surface, e.g., the shape of the structure upon which the rough layer
is  deposited. Preferably, a rough surface (e.g., all or a portion of a
conductive 30 layer), wherein preferably the rough surface is a generally
homogenous surface  



(i.e., a surface structure without any substantial irregularities from one
part of  the surface to another part of the surface such as, for example,
deep  depressions, large spikes, unusually large grains compared to the
other grains 12 10 March 2004 of the layer, etc.), has a surface area
greater than about 1.2 times the surface  area of a completely smooth
surface having a substantially identical shape (i.e.,  substantially
identical shapes having the same base dimensional characteristics,  e.g.,
in the case of a planar surface the occupancy area of both the completely 5
smooth and rough surface are equivalent). The surface shape may be of a
planar shape, a curved shape, a container shaped structure such as in a
container capacitor, or any other shape. More preferably, the roughness of
the  surface has a surface area that is greater than about 1.5 times the
surface area  of a completely smooth surface having a substantially
identical shape. 10 For example, as shown in Figure IA, the rough surface
19 of  conductive layer 14 has a generally planar shape. The surface area
of the  rough surface 19 of the conductive layer 14 can be compared to a
surface area.  (XY) of a completely smooth surface having a planar shape,
i.e., a shape  identical to the shape of the rough surface 19. Therefore,
preferably, the 15 surface area of rough surface 19 of the conductive layer
14 is greater than  about 1.2(XY). As shown in. Figure 1B, the rough
surface 19. includes regions 21, i.e.,  grains, projecting from the layer
14. As such, peaks and valleys are formed,  e-g-, peaks 23 and valleys 25.
One skilled in the art will recognize that HSG 20 silicon have grains with
similar peaks and valleys like that of the formed rough  surface 19. It is.
the valleys 25 which when covered by a diffusion barrier layer  in HSG
techniques tend to decrease the effectiveness of increasing the surface
area using such HSG silicon. For example, with such valleys being filled by
diffusion barrier material, they are no longer available to provide
effective 25 increased surface area. Since the rough ruthenium layer 14
does not  necessarily require any other layer formation over the surface
19, such valleys  are generally available to provide increased surface
area, such as for increased  



capacitance in a capacitor structure. The grain size for ruthenium is
typically  less than about 800 A in nominal diameter. 30 After deposition
of the rough ruthenium layer 14, an optional anneal of  the structure may
be used to further enhance and/or increase the surface area at  rough
surface. 19 of the rough ruthenium layer 14. For example, the cross section
grain size of the deposited ruthenium may grow by about 100 percent 13 10
March 2004 with use of an annealing process. Preferably, the structure is
annealed at a  pressure of about 0.1 millitorr to about 5 atmospheres.
Preferably, the anneal  is performed at a pressure in the range of about
0.1 millitorr to 5 atmospheres.  More preferably, the anneal is performed
at a pressure of about I torr to about 5 800 torr. Further, the anneal is
performed at a temperature in the range of  about 300C to about 900C. More
preferably, the anneal is performed at a  temperature in the range of about
500 C to about 700 C. The anneal is  preferably performed for a time period
of between 30 seconds to 30 minutes. Further, the anneal may be performed
while the structure is present in a  10 gas environment. Preferably, the
gas environment is an atmosphere of oxygen,  ozone, argon, nitrogen, etc.,
or any other combination thereof, such as, for  example, oxygen and
nitrogen or oxygen and argon. The anneal may be a  plasma enhanced anneal
wherein the gas atmosphere is subjected to a glow  discharge created by
applying an electromagnetic field across the gas. Use of a 15 plasma
process allows the structure to be kept at a somewhat lower  temperature
during the anneal while still achieving increased grain size. Any  suitable
power source may be used to generate the plasma in the reaction  chamber.
Suitable power sources, for example, include an RF generator, a  microwave
(e.g., 2.5 gigahertz microwave source) generator, or an electron 20
cyclotron resonance (ECR) source. A preferred power source is an RF
generator operating as a standard 13.56 MHz source. Preferably, the gas is
subjected to the glow discharge or plasma created by applying the radio
frequency electromagnetic field of 13.56 MHz at a power density of 5
kilowatts/cm2 or less across the gas. It is preferable that a plasma
enhancement  



be used so that the; intersection between the ruthenium containing layer
and the  underlying layer, e.g., silicon, is minimized. However, plasma
enhancement is  an optional annealing technique. The anneal may be
performed as a furnace anneal or a rapid thermal  processing (RTP) anneal
may be used. Further, such anneals may be 30 performed in one or more
annealing steps within the time periods, temperature  ranges, and other
parameters set forth above. Another preferred method of forming a rough
conductive layer 14 is by  depositing a rough ruthenium oxide layer by CVD.
The CVD process is 10 March 2004 conducted with a ruthenium containing
precursor being delivered to a reaction  chamber along with an
oxygen-containing precursor being delivered to the  reaction chamber.
Further, diluent gases may also optionally be provided to the  reaction
chamber. Preferably, the oxygen-containing precursor is oxygen, 5 ozone,
N20, CO, CO2. or any other suitable oxygen-containing precursor.  To
achieve the desired roughness for the rough conductive layer 14  formed of
ruthenium oxide, a relatively high deposition rate is used. However,  step
coverage must be maintained at the high deposition rate. To maintain  such
step coverage, a high concentration of ruthenium-containing precursor 10
and oxygen-containing precursor must be provided to the reaction chamber.
Preferably, the deposition rate for forming a rough ruthenium oxide  layer
14 while maintaining step coverage is a deposition rate in the range of
about 100 A/minute to about 1200 A/minute. More preferably, the deposition
rate is in a range of about 30.0 A/minute to about 600 A/minute. Yet
further, to 15 maintain the step coverage with a high concentration of
ruthenium-containing  precursor provided to the reaction chamber,
preferably, a flow rate of about  100 stem to about 500 seem of carrier gas
(e.g., He, 02, or any other gas that is  non reactive with the precursor)
through a ruthenium-containing precursor held  in a bubbler reservoir at a
temperature of about 15C to about 100C is 20 provided to the chamber. More
preferably, the flow rate of the carrier gas is at  a rate in the range of
about 200 stem to about 300 stem. Further, preferably, a  flow rate of
about 100 seem to about 2000 seem of the oxygen-containing  



precursor is provided to the chamber. More preferably, the flow rate of the
oxygen-containing precursor to the reaction chamber is at a rate in the
range of 25 about 500 stem to about 1000 stem. Further, to achieve the
desired higher deposition rate for ruthenium  oxide as described above,
various other parameters of the CVD process may be  varied. Preferably, the
deposition pressure of the CVD process is in the range  of about .4 torn to
about 100 torn. More preferably, the pressure is in the range 30 of about 1
ton to about 10 toff. Further, the deposition temperature of the  CVD
process is preferably in a range of about 100C to about 400C. More 15 1 0
March 2004 preferably, the deposition temperature is in the range of about
100 C to about  250C. Preferably, the CVD process is performed without any
plasma  enhancement. Further, preferably, a diluent gas is provided into
the reaction  5 chamber at a rate of about 100 seem to about 1000 sccm.
Preferably, the diluent gas is one of nitrogen or argon. According to the
present invention, the roughness of the ruthenium  oxide layer 14 is
greater at increased deposition pressures within the range  described
above. Further, the roughness of the ruthenium oxide layer 14 is 10 greater
at increased deposition temperatures. Such CVD parameters may be  varied to
attain a desired roughness within the ranges as described herein. - The
roughness of the rough ruthenium oxide layer useful in accordance with the
present invention may be characterized in one or more different  manners
just like the rough ruthenium layer as described above. The same 15 ranges
for the same roughness characteristics set forth above for the ruthenium
layer are applicable as well to the ruthenium oxide layers. After
deposition of the rough ruthenium oxide layer 14, an optional  anneal of
the structure may be used to further enhance and/or increase the  surface
area at rough surface 19 of the rough ruthenium layer 14. Substantially 20
the same parameters and ranges as set forth above for the ruthenium layer
are  applicable as well to formation of the ruthenium oxide layer. 



When a rough ruthenium or ruthenium oxide layer is formed as the  lower
electrode of a capacitor structure, the thickness of the rough ruthenium
lower electrode or the rough ruthenium oxide lower electrode is generally
in  25 the range of about 100 A to about 600 A. One skilled in the art will
recognize that the rough ruthenium oxide  and/or ruthenium layers described
above may be used in addition to other  layers of a structure. For example,
an electrode may be a multi-layer electrode  formed of other metals with an
upper layer formed of a rough ruthenium layer 30 or a rough ruthenium oxide
layer. Further, for example, such a layer used with  the rough ruthenium
layer or rough ruthenium oxide layer may be a barrier  layer as described
below with reference to Figure 3. 16 10 March 2004 Although the rough
ruthenium layer and/or the rough ruthenium oxide  layer described above may
be used for one or more numerous applications,  e.g., interconnection
applications, capacitor applications, etc., the present  invention is
useful when forming layers in small high aspect ratio openings. 5 As
described herein, small high aspect ratio openings have feature sizes or
critical dimensions below about 1 micron (e.g., such as a diameter or width
of  an opening being less than about 1 micron), and aspect ratios greater
than.  about 1. Such aspect ratios are applicable to contact holes, vias,
trenches, and  any other configured openings, such as container or trench
openings for 10 formation of capacitor structures. For example, a trench
having an opening of  I micron and as depth of 3 microns has an aspect
ratio of 3. Figures 2A-2D illustrate a method of forming a lower electrode
for a  container structure according to a multiple step method of the
present  invention The lower electrode 33 of capacitor structure 37, as
shown in Figure 15 21), is formed using a rough conductive layer according
to the present  invention, e.g., such as those described with reference to
Figure 1. The lower  electrode 33 is preferably formed according to two
steps. However, more than  two steps may be used if additional layers are
desired. Preferably, the two  steps are used to form a ruthenium layer that
is not rough over which a rough 



20 ruthenium oxide layer or a rough ruthenium layer is formed. Likewise,
preferably, the two steps may be used to form a ruthenium oxide layer that
is  not rough over which a rough ruthenium layer or a rough ruthenium oxide
layer is formed. For simplicity purposes, the multiple step method
according  to the present invention shall be described with reference to
Figures 2A-21) 25 with formation of a container capacitor structure
wherein, first, a ruthenium  layer that is not rough is formed, and
thereafter a rough ruthenium layer is  formed according to the previous
description herein. The other possible  combinations of layers and
formation thereof will be readily apparent from  reading the simplistic
description using a non rough ruthenium layer and a  30 rough ruthenium
layer. It will be recognized that the multiple ruthenium-containing layers
may  be described as a single layer graded in grain size, e.g., rough
ruthenium  formed over non-rough ruthenium, as opposed to multiple layers.
In other 17 10 March 2004 words, for example, as opposed to forming layers,
non rough ruthenium is  formed over which rough ruthenium is deposited
without a particular layer  transition. As such, the entire graded layer
may be formed in a single continuous step, e.g., with a change in process
parameters. 5 Figure 2A shows a substrate assembly 30 which includes a
first substrate portion 32 and a second substrate portion 34. Substrate
portion 34 is  formed on substrate portion 32 and includes an opening 36
defined therein by a  bottom surface 42 of first substrate portion 32 and
one or more side walls 40 of  second substrate portion 32. The second
portion 34 of substrate assembly 30 10 includes a region to which a lower
electrode of capacitor structure 37 is  electrically connected. The second
portion 34 of the substrate assembly 30 is  an insulative layer such as an
oxide layer, e.g., silicon dioxide,. BPSG, PSG,  etc. As such, opening 36,
defined in substrate assembly 30 by bottom surface  42 and the one or more
side walls 40, includes surfaces upon which a bottom 15 lower electrode for
a storage cell capacitor is formed, such as for use in a  memory cell. Such
a container capacitor is also described further herein with  



reference to Figure 3. The capacitor structure 37 is formed with a rough
lower electrode 33 as  illustrated in Figures 2A-2D by first forming an
optional barrier layer 38 in the  20 defined opening 36 and on surfaces
such as upper surface 39.. For example, such a barrier layer may have a
thickness of about 50 A to about 300 A. One  example of a barrier layer
includes the formation of a titanium nitride layer  having a thickness of
about 100 A to about 200 A. Preferably, according to the  present
invention, the barrier layer and the other layers herein are deposited 25
using CVD processes such that conformal coverage or step coverage within
the  defined opening 3 6 and at various other portions of the structure,
such. as  comers 43, are conformally covered with the material being
deposited. After formation of the bather layer 38, a ruthenium layer 46 is.
deposited as shown in Figure 2B. The ruthenium layer 46 is formed by CVD
30 processing under conditions necessary to form a layer that is not rough.
For example, such conditions will include at least one condition that is
different  than the conditions used to form a rough ruthenium layer as
previously  described herein. Preferably, according to the present
invention, a non-rough 18 1 0 March 2004 ruthenium layer may be formed
using conditions in the following ranges: a  flow rate of about 100 seem to
about 500 sccm of carrier gas (e.g., He, 02, or  any other gas that is non
reactive with the precursor) through a ruthenium- containing precursor held
in a bubbler reservoir at a temperature of about 15C 5 to about 100C; a
deposition pressure in the range of about .4 torr to about  10 torr; a
deposition temperature in a range of about 100C to about 400C;  and a
diluent gas (e.g., nitrogen and/or argon) provided into the reaction
chamber at a rate of about 100 sccm to about 500 seem. Thereafter, by
changing only one or more conditions of the deposition  10 process (with no
additional precursors being required) a rough ruthenium layer  50 is
deposited over the ruthenium layer 46 as shown in Figure 2C. For  example,
the ruthenium layer 46 may have a thickness in the range of about 50  A to
about 300 A, and the rough ruthenium layer 50 may have a thickness in  



the range of about 100 A to about 500 A. The rough ruthenium layer 50 is 15
formed according to the present invention as previously described herein.
When the combination of layers of rough lower electrode 33 includes a
ruthenium oxide layer that is not rough, the non rough ruthenium oxide
layer is  generally deposited within the following condition ranges: a flow
rate of about  100 seem to about 500 seem of carrier gas (e.g., He, 02, or
any other gas that is 20 non-reactive with the precursor) through a
ruthenium-containing precursor held  in a bubbler reservoir at "a
temperature of about 15C to about 100C; a flow  rate of about 100 seem to
about 2000 seem of the oxygen-containing precursor,  a deposition pressure
in the range of about .4 torr to about 100 Corr; a  deposition temperature
in a range of about 100C to about 400C; and a diluent 25 gas (e.g.,
nitrogen and/or argon) at a rate of about 100 sccm to about 1000  seem.
After the optional anneal for the rough ruthenium layer 50, the resultant
structure is as shown in Figure 2C. The layers for forming the lower
electrode  33 are then planarized to the upper surface 39 of second portion
34 of substrate  30 assembly 30 such that the opening 36 is lined with the
rough conductive electrode 33. Thereafter, as shown in Figure 2D; a
dielectric layer 52 is then formed  relative to the rough conductive
electrode 33. For example, the dielectric layer 19 10 March 2004 may be any
suitable material having a suitable dielectric constant. Preferably,  a
suitable dielectric constant is a high dielectric constant material such as
those  materials having a dielectric constant of greater than about 25. For
example, a  suitable dielectric constant material for forming dielectric
layer 52 may 5 include, but is clearly not limited to, tantalum pentoxide
(Ta2O5), BaxSr(1-x)TiO3  [BST], BaTiO3, SrTiO3, PbTiO3, Pb(Zr,Ti)O3 [PZT],
(Pb,La)(Zr,Ti)O3 [PLZT],  (Pb,La)TiO3 [PLT], NO3, and LiNbO3. Further,
after formation of the dielectric layer 52, a second electrode 54  is
formed relative to the dielectric material 52. For example, the second 10
electrode 54 may be formed of a material such as tungsten nitride, titanium



nitride, tantalum nitride, platinum metals and alloys thereof, or any
suitable  electrode material including ruthenium and/or ruthenium oxide.
Such a  dielectric layer 52 and top electrode material 54 are then etched
to form the  desired capacitor structure 37. 15 A more specific
illustration of using the above-described processes is  described below
with reference to Figure 3 wherein a rough conductive lower  electrode 187
is formed according to one of the processes described herein for  a high
dielectric capacitor of a storage cell. There are other semiconductor
processes and structures for various devices, e.g., CMOS devices, memory
20. devices, etc., that would benefit from the present invention and in no
manner is  the present invention limited to the illustrative embodiments
described herein,  e.g., an electrode structure. As shown in Figure 3, a
device structure 100 is fabricated in accordance  with conventional
processing techniques through the formation of an opening  25 .184. Such
processing is performed prior to depositing a bottom electrode structure
187 on the surfaces defining the opening 184 using the methods in
accordance with the present invention. Although any of the methods
described  previously herein may be used to form the bottom electrode
structure 187 on  the surfaces defining the opening 184, for simplicity,
this particular illustration 30 shall be only described with the use of a
single rough ruthenium layer.  However, one skilled in the art will
recognize that any of the single or multiple  step electrode formation
processes described herein may be used to form the  bottom electrode.
structure 187. As such, and as further described in U.S. 20 10 March 2004
Patent No. 5,392,189 to Fazan et al., entitled "Capacitor Compatible with
High  Dielectric Constant Materials Having Two Independent Insulative
Layers and  the Method for Forming Same," issued February 21, 1995, the
device structure  100 includes field oxide regions 105 and active regions,
i.e., those regions of 5 the substrate 107 not covered by field oxide. A
word line 121 and a field effect  transistor (FET) 122 are formed relative
to the field oxide 105. Suitable  source/drain regions 125,130 are created
in silicon substrate 107. An  



insulative conformal layer of oxide material 140 is formed over regions of
FET  122 and word line 121. A polysilicon plug 165 is formed to provide
electrical 10 communication between substrate 107 and a storage cell
capacitor to be  formed thereover. Various barrier layers are formed over
the polysilicon plug  165, such as, for example, layers 167 and 175. For
example, such layers may  be titanium nitride, tungsten nitride, or any
other metal nitride which acts as a  barrier- Thereafter, another
insulative layer 183 is formed and the opening 184  15 is defined therein
According to one embodiment of the present invention, a rough  ruthenium
layer is formed according to the present invention on the structure
including bottom surface 185 and the one or more side walls 186 defining
opening 184. The roughened ruthenium layer is then planarized or etched
back 20 resulting in the rough ruthenium layer 187 lining the opening 184.
A dielectric  layer 191 formed of material such as described above is then
formed relative to  the rough ruthenium layer 187. Further, thereafter, a
second electrode 192 is  formed relative to the dielectric material 191. In
each of the following Examples, no anneal was performed on the  25 films
formed. Example 1 A. rough ruthenium layer as shown in Figure 4 was formed
on an HF  cleaned silicon wafer in a single wafer reaction chamber under
the following  conditions: 30 a flow rate of about 200 sccm of helium
carrier gas through a  tricarbonyl (1,3-cyclohexadiene)Ru precursor held in
a bubbler  reservoir at room temperature (i.e.,about 25 C); a deposition
pressure of 3.0 ton:, and 21 10 March 2004 a deposition temperature of 225
C. Example 2 A non-rough ruthenium layer as shown in Figure 5 was formed on
HF  



5 cleaned BPSG of a silicon wafer in a single wafer reaction chamber under
the 10 following conditions: - a flow rate of about 200 scan of helium
carrier gas through a  tricarbonyl (1,3-cyclohexadiene)Ru precursor held in
a bubbler  reservoir at room temperature (i.e.,about 25 C); - a deposition
pressure of 1.5 torn; and  - a deposition temperature of 250 C. . Example 3
A ruthenium oxide layer that is not rough as shown in Figure 6 was  15
formed on an HF cleaned silicon wafer in a single wafer reaction chamber
under the following conditions: - a flow rate of about 225 sccm of helium
carrier gas through a  tricarbonyl (1,3-cyclohexadiene)Ru precursor held in
a bubbler  reservoir at room temperature (i.e.,about 25 C); 20 - a flow
rate of about 250 sccm of oxygen gas;  a deposition pressure of 2.5 torr;
and - a deposition temperature of 210 C. 25 30 Example 4 A rough ruthenium
oxide layer as shown in Figure 7 was formed on an  HF cleaned silicon wafer
in a single wafer reaction chamber under the  following conditions: a flow
rate of about 200 scan of helium carrier gas through a  tricarbonyl
(1,3-cyclohexadiene)Ru precursor held in a bubbler  reservoir at room
temperature (i.e.,about 25 C); a flow rate of about 100 stem of oxygen gas;
22 10 March 2004 - a deposition pressure of 3 torn, and  - a deposition
temperature of 200 C. 



All patents and references cited herein are incorporated in their entirety
5 as if each were incorporated separately. This invention has been
described with reference to illustrative embodiments and is not meant to be
construed in  a limiting sense. As. described previously, one skilled in
the art will recognize  that various other illustrative applications may
utilize the rough ruthenium- containing layers as described herein. '
Various modifications of the illustrative 10 embodiments, as well as
additional embodiments of the invention, will be  apparent to persons
skilled in the art upon reference to this description. It is  therefore
contemplated that the appended claims will cover any such  modifications or
embodiments that may fall within the scope of the present  invention as
defined by the accompanying claims. 23 10 March 2004 What is claimed is: 1.
A method for forming a rough conductive layer in the fabrication of
integrated circuits, the method comprising: 5 providing a substrate
assembly in a reaction chamber, the substrate assembly including a surface;
maintaining the substrate assembly surface at a temperature in a range of
about 100C to about 400C; maintaining the pressure of the reaction chamber
in a range of about 0.4  10 torn, to about 10 torn, and providing a carrier
gas at a flow rate of about 100 sccm to about 500 scan  through a
ruthenium-containing precursor maintained at a temperature of about 15  C
to about 100 C into the reaction chamber to deposit a rough ruthenium layer
on the surface of the substrate assembly. 15 2. The method of claim 1,
wherein the method further includes providing a  diluent gas at a flow rate
of about 100 scan to about 500 scan. 3. The method of claim 1, wherein
maintaining the substrate assembly surface  20 at a temperature includes
maintaining the substrate assembly surface at a temperature in the range of
about 150C to about 250C. 



4. The method of claim 1, wherein the rough ruthenium layer is deposited at
a  rate of about 100 A/minute to about 500 A/minute. 25 5. The method of
claim 4, wherein the rough ruthenium layer is deposited at a  rate of about
200 Alminute to about 300 A/minute. 6. The method of claim 4, wherein the
RMS roughness of the rough  30 ruthenium layer is in a range of about 50 A
to about 600 A. 24 10 March 2004 7. The method of claim 4, wherein a
nominal center cross-section area of  grains at a surface of the rough
ruthenium layer is in a range of about 100 A to  about 800 A. 5 8. The
method of claim 1, wherein the method further includes annealing the  rough
ruthenium layer at a temperature in a range of about 300C to about 900C
for a time period in a range of about 30 seconds to about 30 minutes. 9.
The method of claim 8, wherein annealing the rough ruthenium layer  10
further includes annealing the rough ruthenium layer at a pressure in a
range of about 0.1 millitorr to about 5 atmospheres in a gas atmosphere
subjected to a glow  discharge created by applying an electromagnetic field
across the gas mixture. 10. The method of claim 9, wherein the gas
atmosphere is selected from one of  15 oxygen, ozone, nitrogen, argon or a
combination thereof, and further wherein the glow discharge is created by
applying a radio frequency electromagnetic field of  13.56 megahertz at a
power density of 0 to about 5 kW/cm2 across the gas  atmosphere. 20 11. A
method for forming a rough conductive layer in the fabrication of
integrated circuits, the method comprising: providing a substrate assembly
in a reaction chamber, the substrate  assembly including a surface;
providing a ruthenium-containing precursor into the reaction chamber; 25
depositing a rough ruthenium layer on the surface of the substrate assembly
at a rate of about 100 A/minute to about 500 A/minute. 12. The method of
claim 11, wherein the rough ruthenium layer is deposited at  



a rate of about 200 A/minute to about 300 A/minute. 30 13. The method of
claim 11, wherein providing a ruthenium-containing  precursor into the
reaction chamber includes providing a carrier gas at a flow rate  of about
100 seem to about 500 seem through the ruthenium-containing precursor 10
March 2004 maintained at a temperature of about 15 C to about 100 C and
into the reaction  chamber to deposit the rough ruthenium layer on the
surface of the substrate  assembly. 5 14. The method of claim 11, wherein
the method further includes maintaining  the substrate assembly surface at
a temperature in a range of about 100C to about  400C. 15. The method of
claim 11, wherein. the method further includes maintaining  10 the pressure
of the reaction chamber in a range of about 0.4 torr to about 10 Corr. 16.
The method of claim 11, wherein the method further includes annealing the
Tough ruthenium layer at a temperature in a range of about 300C to about
900C  for a time period in a range of about 30 seconds to about 30 minutes.
15 17. The method of claim 16 wherein annealing the rough ruthenium layer
further includes annealing the rough ruthenium layer at a pressure in a
range of  about 0.1 millitorr to about 5 atmospheres in a gas atmosphere
subjected to a glow  discharge created by applying an electromagnetic field
across the gas mixture. 20 19. The method of claim 11, wherein providing
the substrate assembly surface  includes providing non rough ruthenium, the
rough layer of ruthenium formed on  the non rough ruthenium. 25 .19. The
method of claim 11, wherein providing the substrate assembly surface
includes providing non-rough ruthenium oxide, the rough layer of ruthenium
formed on the non-rough ruthenium oxide. 20. A method for forming a rough
conductive layer in the fabrication of  30 integrated circuits, the method
comprising: providing. a substrate assembly in a reaction chamber, the
substrate  



assembly including a surface; providing a ruthenium-containing precursor
into the reaction chamber; 26 10 March 2004 providing an oxygen containing
precursor into the reaction chamber,  depositing a rough ruthenium oxide
layer on the surface of the substrate assembly at a rate of about 100
A/minute to about 1200 A/minute, wherein the  RMS roughness of the rough
ruthenium oxide layer is in a range of about 50 A to  5 about 600 A or a
nominal center cross-section area of grains at a surface of the rough
ruthenium oxide layer is in a range of about 100 A to about 800A. 21. The
method of claim 20, wherein the rough ruthenium oxide layer is  deposited
at a rate of about 300 A/minute to about 600 A/minute. 10 22. The method of
any of claims 20-21, wherein providing a ruthenium  containing precursor
into the reaction chamber includes providing a carrier gas at a  flow rate
of about 100 sccm to about 500 sccm through the ruthenium-containing
precursor maintained at a temperature of about 15 C to about 100 C and into
the 15 reaction chamber, and further wherein providing the
oxygen-containing precursor  into the reaction chamber includes providing
an oxygen-containing precursor into  the reaction chamber at a flow rate of
about 100 seem to about 2000 sccm. 23. The method of any of claims 20-22,
wherein the method further includes  20 maintaining the substrate assembly
surface at a temperature in a range of about  100C to about 400C. 24. The
method of any of claims 20-23, wherein the method further includes
annealing the rough ruthenium oxide layer at a temperature in a range of
about 25 300C to about 900C for a time period in a range of about 30
seconds to about 30  minutes in a gas atmosphere subjected to a glow
discharge created by applying an  electromagnetic field across the gas. 25.
The method of claim 24, wherein the method further includes maintaining  30
the pressure of the reaction chamber in a range of about 0.4 torn to about
100 torr. 27 10 March 2004 



26. The method of any of claims 20-25, wherein providing the substrate
assembly surface includes providing non-rough ruthenium:, the rough layer
of  ruthenium oxide is formed on the non-rough ruthenium. 5 27. A
conductive structure comprising at least a rough ruthenium layer,  wherein
a surface of the rough ruthenium layer has a surface area greater than
about 1.2 times a surface area of a completely smooth surface having a
substantially identical shape as the surface of the rough ruthenium layer.
10 28. The conductive structure of claim 27, wherein the surface of the
rough  ruthenium layer has a surface area greater than about 1.5 times the
surface area of  the completely smooth surface having the substantially
identical shape as the  surface of the rough ruthenium layer.  15 29. The
conductive structure of any of claims 27-28, wherein an RMS  roughness of
the surface of the rough ruthenium layer is in a range of about 50 A to
about 600 A. 30. The conductive structure of any of claims 27-29, wherein a
nominal center  20 cross-section area of grains at the surface of the rough
ruthenium layer is in a range of about 100 A to about 800 A. 31. The
conductive structure of any of claims 27-30, further comprising non- rough
ruthenium having a surface region upon which the layer of rough ruthenium
25 is formed. 32. The conductive structure of any of claims 27-30, further
comprising non- rough ruthenium oxide having a surface region upon which
the layer of rough  ruthenium is formed. 30 33. A conductive structure
comprising at least a rough ruthenium oxide layer,  wherein a surface of
the rough ruthenium oxide layer has a surface area greater 28 10 March 2004
than about 1.2 times a surface area of a completely smooth surface having a
substantially identical shape as the surface of the rough ruthenium oxide
layer. 34. The conductive structure of claim 33, wherein the surface of the
rough 5 ruthenium oxide layer has a surface area greater than about 1.2
times the. surface  



area of the completely smooth surface having the substantially identical
shape as  the surface of the rough ruthenium oxide layer. 35. The
conductive structure of any of claims 33-34, wherein the RMS 10 roughness
of the surface of the rough ruthenium oxide layer is in a range of about
50 A to about 600 A. 36. . The conductive structure of any of claims 33-35,
wherein a nominal cross- section grain size of grains at the surface of the
rough ruthenium oxide layer is in a  15 range of about 100 A to about 800
A. 37. The conductive structure of any of claims 33-36, further comprising
non  rough ruthenium-containing material having a surface region upon which
the layer  of rough ruthenium oxide is formed 20 38. A method of forming a
conductive structure comprising: forming non rough ruthenium-containing
material at a first deposition rate; and forming rough ruthenium-containing
material on the non-rough ruthenium- 25 containing material at a second
deposition rate, wherein the second deposition rate  is greater than the
first deposition rate. 39. The method of claim 38, wherein the rough
ruthenium-containing material  is formed of ruthenium and the non-rough
ruthenium--containing material is formed  30 of ruthenium. 29 10 March 2004
40. The method of claim 38, wherein the rough ruthenium-containing material
is formed of ruthenium oxide and the non-rough ruthenium-containing
material is  formed of ruthenium. 5 41. The method of claim 38, wherein the
rough ruthenium-containing material  is formed of ruthenium and the non
rough ruthenium-containing material is formed  of ruthenium oxide. 42. The
method of claim 3 8, wherein the rough ruthenium-containing material  10 is
formed of ruthenium oxide and the non rough ruthenium-containing material
is  formed of ruthenium oxide. 



43. A method for use in forming a capacitor, the method comprising:
providing a substrate assembly in a reaction chamber, the substrate 15
assembly including at least one surface; and forming an electrode on the at
least one surface of the substrate assembly,  wherein forming the electrode
comprises providing a ruthenium-containing precursor into the reaction
chamber, and  20 depositing a rough ruthenium layer on the surface of the
substrate assembly from the ruthenium precursor at a rate of about 100
A/minute to  about 500 A/minute. 44. The method of claim 43, wherein the
substrate assembly includes an 25 opening defined therein, wherein the
opening is defined by a bottom surface of the  substrate assembly and at
least one side wall extending therefrom. 45. The method of claim 43,
wherein providing a ruthenium-containing  precursor into the reaction
chamber includes providing a carrier gas at a flow rate 30 of about 100
seem to about 500 seem through a ruthenium-containing precursor  maintained
at a temperature of about 15 C to about 100 C into the reaction  chamber to
deposit the rough ruthenium layer on the surface of the substrate
assembly. 30 10 March 2004 46. The method of claim 45, wherein the method
further includes maintaining  the substrate assembly surface at a
temperature in a range of about 100C to about  400C and maintaining the
pressure of the reaction chamber in a range of about 0.4  torr to about 10
torr. 5 47. The method of claim 45, wherein the method further includes
annealing the  rough ruthenium layer at a temperature in a range of about
300C to about 900C  for a time period in a range of about 30 seconds to
about 30 minutes. 10 48. The method of claim 47, wherein annealing the
rough ruthenium layer  further includes annealing the rough ruthenium layer
at a pressure in a range of  about 0.1 millitorr to about 5 atmospheres in
a as atmosphere subjected to a glow  



discharge created by applying an, electromagnetic field across the gas
mixture. 15 49. The method of claim 43, wherein providing the substrate
assembly surface  includes providing non rough ruthenium, the rough layer
of ruthenium formed on  the non-rough ruthenium. 50. The method of claim
43, wherein providing the substrate assembly surface  20 includes providing
non-rough ruthenium oxide, the rough layer of ruthenium formed on the non
rough ruthenium oxide. 51. A method for use in forming a capacitor, the
method comprising:  providing a substrate assembly in a reaction chamber,
the substrate 25 assembly including at least one surface; and forming an
electrode on the at least one surface of the substrate assembly,  the
forming of the electrode comprising: providing a ruthenium-containing
precursor into the reaction chamber,  providing an oxygen-containing
precursor into the reaction chamber,  30 and depositing a rough ruthenium
oxide layer on the surface of the substrate  assembly at a rate of about
100 A/minute to about 1200 A/minute, wherein  the RMS roughness of the
rough ruthenium oxide layer is in a range of 31 10 March 2004 about 501 to
about 600 A or a nominal center cross-section area of grains  at a surface
of the rough ruthenium oxide layer is in a range of about 100 A  to about
SOON. 5 52. The method of claim 51, wherein the substrate assembly includes
an  opening defined therein, wherein the opening is defined by a bottom
surface of the  substrate assembly and at least one side wall extending
therefrom. 53. The method of any of claims 51-52, wherein providing a
ruthenium 10 containing precursor into the reaction chamber includes
providing a carrier gas at a  flow rate of about .100 seem to about 500
scan through the ruthenium-containing  precursor maintained at a
temperature of about 15 C to about 100 C into the  reaction chamber, and
further wherein providing the oxygen.-containing precursor  into the
reaction chamber includes providing an oxygen-containing precursor into 



15 the reaction chamber at a flow rate of about 100 seem to about 2000
seem. 54. The method of any of claims 51-53, wherein the method further
includes  maintaining the substrate assembly surface at a temperature in a
range of about  100C to about 400C and maintaining the pressure of the
reaction chamber in a  20 range of about 0.4 torr to about 100 torn. 55.
The method of any of claims 51-54, wherein the method further includes
annealing the rough ruthenium oxide layer at a temperature in a range of
about  300C to about 900C for a time period in a range of about 30 seconds
to about 30  25 minutes. 56. The method of any of claims 51-55, wherein
annealing the rough  ruthenium oxide layer further includes annealing the
rough ruthenium layer at a pressure in a range of about 0.1 millitorr to
about 5 atmospheres in a gas 30 atmosphere subjected to a glow discharge
created by applying an electromagnetic  field across the gas mixture. 32 10
March 2004 57. The method of any of claims 51-56, wherein providing the
substrate  assembly surface includes providing non-rough ruthenium, the
rough layer of  ruthenium formed on the non rough ruthenium. 5 58. A
capacitor structure comprising: a first electrode formed of at least a
rough ruthenium layer, wherein a  surface of the rough ruthenium layer has
a surface area greater than about 1.2  times a surface area of a completely
smooth surface having a substantially  identical shape as the surface of
the rough ruthenium layer; 10 a dielectric layer formed on at least a
portion of the first electrode; and  a second conductive layer formed on
the dielectric layer. 59. The capacitor structure of claim 58, wherein the
surface of the rough  ruthenium layer has a surface area greater than about
1.5 times the surface area of 15 the completely smooth surface having the
substantially identical shape as the  surface of the rough ruthenium layer
60. The capacitor structure of claim 58, wherein the first electrode
further  comprises non rough ruthenium upon which the layer of rough
ruthenium is  



20 formed. 61. The capacitor structure of claim 58, wherein the first
electrode further  comprises non rough ruthenium oxide upon which the layer
of rough ruthenium is  formed. 25 62. A capacitor structure comprising: a
first electrode formed of at least a rough ruthenium oxide layer, wherein a
surface of the rough ruthenium oxide layer has a surface area greater than
about 1.2 times a surface area of a completely smooth surface having a
substantially  30 identical shape as the surface of the rough ruthenium
oxide layer; a dielectric layer formed on at least a portion of the first
electrode; and  a second conductive layer formed on the dielectric layer.
33 10 March 2004 63. The capacitor structure of claim 62, wherein the
surface of the rough  ruthenium layer has a surface area greater than about
1.5 times the surface area of  the completely smooth surface having the
substantially identical shape as the  surface of the rough ruthenium layer.
5 64. The capacitor structure of claim 62, wherein the fast electrode
further  comprises non rough ruthenium upon which the layer of rough
ruthenium oxide is  formed. 10 65. The capacitor structure of claim 62,
wherein the first electrode further  comprises non rough ruthenium oxide
upon which the layer of rough ruthenium  oxide is formed. 34 




