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Title: INCREASED PACKING DENSITY IN SELF-ORGANIZED MAGNETIC ARRAY  [err]
Abstract: A self-organized magnetic array  includes a plurality of magnetic
primary nanoparticles  (122) are arranged on the substrate (152) in a
self-organized magnetic array. A plurality of magnetic  interstitial
nanoparticles (170) are positioned between  at least some of the primary
nanoparticles (122) in the  self-organized magnetic array. A method of
making  such an array is also provided.   8 DECEMBER 2006  WO 2004/00394n
PCT/US2003/111146211  INCREASED PACKING DENSITY IN SELF-ORGANIZED MAGNETIC
ARRAY FIELD OF THE INVENTION The present invention is directed toward
magnetic recording media and, more  particularly, toward magnetic recording
media having self organized magnetic arrays  5 (SOMAs) for high density
recording. BACKGROUND OF THE INVENTION Increased storage capacity in
magnetic recording has traditionally been addressed  through improvements
in the ability to store information on a particular storage disc with  an
increased areal density, e.g., decreasing the size of the inductive write
element and read 1o back sensor in a magnetic recording system. Until
recently, these prior art approaches have  been adequate for increasing the
storage capacity of magnetic recording discs. However, the areal density in
magnetic recording technologies has now reached  
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60-70 Gbit/in2 in certain products, and is increasing at a rate of
approximately 60-100%  per year. Data rates are increasing at a rate of
approximately 30-40% per year. An earlier 15 perceived density limit of 40
Gbit/in2 has been surpassed in laboratory demonstrations.  Densities in the
range of 100-135 Gbit/in2 have been demonstrated. In perpendicular
recording technology, densities in the range of 100-1000 Gbitlin2 have been
targeted, and  are considered feasible. These projections are generally
based upon scaling assumptions  and projected future technological
advancements in the areas of read/write heads, 20 recording media, channel
electronics, tribological coatings, head-to-disc interface and  narrow
track servo capabilities. An area of particular importance in magnetic
recording is media noise suppression.  At higher areal densities, smaller
particles, or grains, are required to reduce the intrinsic  media noise and
to obtain a higher signal-to-noise ratio in the readback data. In addition
to 25 reducing and scaling the media grain size, control of the magnetic
grain isolation and  uniformity and control of the crystallographic
texturing are also used to suppress media  noise. Achieving low noise media
by scaling to a small grain size, however, is limited by  thermal
instabilities. Such thermal instabilities are exhibited when using grain
diameters  below approximately 8-10 nm, and may render today's commonly
used cobalt-alloy based  3o recording media unsuitable for archival data
storage purposes. It has been found that smaller, stable grains can be
obtained from magnetically  harder materials, such as tetragonal L I o
phased iron-platinum (FePt) or cobalt-platinum 8 DECEMBER 2006  WO
2004/003945 PCT/US2003/004620 2  (CoPt) compounds, or artificially layered
materials, such as Co/Pt or Co/Pd multilayers.  FePt and CoPt compounds are
known for their high magnetocrystalline anisotropy and  magnetic moment,
properties that are desirable for high density magnetic recording media.
Other candidates for smaller, stable grain sizes are rare earth transition
metal compounds, 5 such as Co5Sm or Nd2Fe14B. However, it may be difficult
to maintain these materials in a  chemically stable state in hard disc
media where minimal overcoat thickness is mandatory.  
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A common problem with high anisotropy materials, such as FePt and CoPt
compounds, is their large coercivity, which can reach values on the order
of 50,000 Oe.  Such large coercivities far exceed the write field
capabilities of today's magnetic recording  10 heads. In an effort to
alleviate the problem of large coercivity, vertical recording and thermally
assisted recording schemes have been proposed. Lithographically patterned
media, also known as bit-patterning, may postpone the  arrival of thermal
instabilities in the recording media. Bit-patterning combines several
hundred media grains into one single magnetic island, which does not
require large 15 coercivities. A comprehensive review of such
lithographically patterned media techniques  can be found in G. Hughes,
"Patterned Media" in Physics of Ultrahigh Density Magnetic  Recording,
chapter 7, ed. Plumer, van Ek, Weller, Springer (2001), which reference is
hereby incorporated herein by reference. The achievable densities using
this bit-patterning  lithographic approach is limited by lithography. In
order to achieve approximately 1 20 Tbit/in2, the island and space between
the islands should be less than 12.5nm. This is far  beyond the projected
Semiconductor Industry Association Roadmap for the next decade.  In order
to push beyond the density limit set by lithography, self-assembled
nanoparticle arrays have been proposed. These self-assembled, ordered and
uniform nano- magnet arrays provide conceivable solutions to many proposed
future recording schemes,  25 e.g., conventional granular media,
perpendicular media, thermally assisted recording and patterned media
recording schemes. Such arrays are referred to as self-organized magnetic
arrays (SOMA). The formation of such self organized magnetic arrays is
described in, for  example, U.S. Patent No. 6,007,623, issued December 28,
1999, entitled METHOD FOR  MAKING HORIZONTAL MAGNETIC RECORDING MEDIA
HAVING GRAINS OF 30 CHEMICALLY-ORDERED FEPT OR COPT; U.S. Patent No.
6,086,974, issued June 11,  2000, entitled HORIZONTAL MAGNETIC RECORDING
MEDIA HAVING GRAINS 8 DECEMBER 2006  WO 2004/003945 PCT/US2003/004620 3  OF
CHEMICALLY-ORDERED FEPT OF COPT; U.S. Patent No. 6,254,662, issued July  
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3, 2001, entitled CHEMICAL SYNTHESIS OF MONODISPERSE AND MAGNETIC  ALLOY
NANOCRYSTAL CONTAINING THIN FILMS; U.S. Patent No. 6,331,364,  issued
December 18, 2001, entitled PATTERNED MAGNETIC RECORDING MEDIA 5 CONTAINING
CHEMICALLY-ORDERED FEPT OR COPT. Embodiments of the present invention
provide solutions to these and other  problems, and offer other advantages
over the prior art. SUMMARY OF THE INVENTION A self-organized magnetic
array includes a plurality of magnetic primary 10 nanoparticles . A
plurality of magnetic interstitial nanoparticles are positioned between at
least some of the primary nanoparticles in the self-organized magnetic
array. A method of  making a self-organized magnetic array includes forming
a self organized magnetic array  having a plurality of primary magnetic
nanoparticles and a plurality of magnetic interstitial nanoparticles which
are positioned between at least some of the primary  15 nanoparticles. The
invention also includes interstitial nanoparticles which are smaller than
the  primary nanonparticles. The invention also includes a magnetic medium
formed with such  a nanoparticle array. The invention also includes a
surfactant which surrounds the nanoparticles.  20 The array can be a two or
three dimensional array. The invention includes trigonal, tetrahedral and
octahedral shaped voids. Other features and benefits that characterize
embodiments of the present invention  will be apparent upon reading the
following detailed description and review of the  associated drawings. 25
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a graph of packing density
versus surfactant molecule length.  FIG. 2A is a schematic diagram showing
nanoparticles in a self-organized  magnetic array. FIG. 2B is a diagram of
a hard sphere model of the nanoparticles of FIG. 2A.  30 FIG. 3A is a
diagram of a hexagonal two dimensional array of nanoparticles. 
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8 DECEMBER 2006  WO 2004/003945 PCTIUS2003/004620 4  FIG. 3B is a diagram
of a three dimensional array of a self-organized magnetic  array. FIG. 4A
is a diagram which illustrates interstitial void sites in a two dimensional
hexagonal array. 5 FIG. 4B is a hard sphere model of the diagram of FIG.
4A. FIG. 5A is a schematic diagram showing atoms along the face of the fcc
structure.  FIG. 513 is a diagram showing tetrahedral sites in a three
dimensional self-aligned array.  FIG. 5C is a diagram showing tetrahedral
sites in a self-aligned array. FIG. 6A is a TEM (Tunneling Electron
Microscope) image of a self-assembled bi- 10 modal array. FIG. 6B is a
schematic diagram which illustrates the particles of FIG. 6A. FIGS. 7A and
7B are graphs of concentration and rate, respectively, versus time  during
formation of nanoparticles. DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS 15 In order to achieve areal densities beyond I Terabit/in2,
Self-Organized Magnetic  Arrays (SOMA) have been proposed. The
demonstration of the synthesis of  monodispersed high anisotropy FePt
nanoparticles with stable magnetization reversal  transitions at room
temperature has increased interest in the field. In forming such Self-
Organized Magnetic Arrays, the FePt nanoparticles are coated by a layer of
surfactant 20 molecules such as oleic acid and oleylamine to prevent
agglomeration. However, these  surfactant molecules, while preventing
agglomeration, are also a significant factor in  defining and limiting the
distance between adjacent nanoparticles. The inter-particle  distance in an
array of self-assembled particles is determined by the length of the
surfactant molecules. Thus, the packing density of the molecules is also a
function of the 25 length of the surfactant chain. Figure 1 is a graph of
packing density in percent versus  surfactant molecule length in nanometers
as calculated for 4 nm diameter particles. The  
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plot 100 shown in Figure 1 is for a two dimensional array and the plot 102
is for a three  dimensional array. The carbon chain length of oleic acid
and oleylamine molecules is about 2 run. 30 Figure 2A is a diagram showing
surfactant chains 120 extending from nanoparticles 122 in  a self-organized
magnetic array. Figure 2B is a model of the nanoparticles 122 in which 8
DECEMBER 2006  WO 2004/003945 PCT/US2003/004620 5  the surfactant chains
120 are modeled as a hard sphere. As illustrated in Figures 2A and  2B,
with nanoparticles having a four nanometer diameter, and with the carbon
chain of the  oleic acid and oleylamine molecules of about 2 nm, the
inter-particle distance will be  about 8 nm. 5 The packing density of the
monodispersed nanoparticles which are assembled onto  a substrate is
therefore determined by the length of the surfactant molecule chains.
Surfactants having shorter carbon chains can be used to reduce the
inter-particle distance.  This will accordingly increase the packing
density. However, as discussed below, even  with shorter carbon chains,
there is still significant void space that is not utilized in the 10 array.
The present invention provides a technique for utilizing this void space to
increase  the packing density. In the present invention, the void space
between adjacent nanoparticles is filled  with interstitial particles to
thereby increase the packing density. The increased packing  density
provides increased signal strength during read back of magnetically stored
data  15 and decreased jitter at the bit transitions in ultra-high density
storage systems. Self-assembled nanoparticles behave like atoms inside a
crystal such that they  arrange themselves in a lattice. Figure 3A is a
diagram showing a two dimensional  hexagonal array 150 formed by
self-organized nanoparticles 122 on a substrate 152.  Figure 3B is a
diagram showing the arrangement of the self-organized nanoparticles when 20
a number of hexagonal arrays 150 are stacked three dimensionally upon one
another with  ABC stacking (face centered cubic, i.e., fec). 



   8 DECEMBER 2006
Monodispersed nanoparticles coated with surfactant molecules can be
regarded as  hard spheres. In the following analysis, the spheres are
assumed to be arranged in a  hexagonal array when assembled into a lattice.
Both two dimensional arrays and three 25 dimensional arrays may be used for
information storage. In the following analysis, the  nanoparticles are
assumed to have a diameter of 4 urn (for example, FePt) coated with two
nanometer surfactant molecules. The packing density is defined as the areal
or volume  fraction which is occupied by the magnetic particles. Table 1
gives the definition of  symbols used in the subsequent discussion: 30
SYMBOL DEFINITION PA Packing density for 2-D array  Pv Packing density for
3-D array 8 DECEMBER 2006  WO 2004/003945 PCT/US2003/004620 6  RL Radius of
large particles (magnetic cores)  Rs Radius of small trigonal void RT
Radius of small tetrahedral void  Ro Radius of small octahedral void 5 L
Length of the surfactant molecule  TABLE 1 In this example, with 4 am
diameter magnetic nanoparticles coated with 2 run surfactant  molecules,
RL=L. 10 The areal packing density, PA, for a self-assembled two
dimensional array is:  PA=(rrRi *3/6)/[0.5sin60'(2RL+2L)2]=22.7% EQ. 1  As
illustrated by Equation 1, in a two dimensional array, 77% of the area is
not occupied  by magnetic material. Figure 4A is a hard sphere model and
Figure 4B is a diagram which illustrates the  15 void area formed between
three adjacent nanoparticles in a two dimensional array. At the  central
location between the three particles, a void area is formed between the
intersection  
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of the surfactant molecules. As used herein, this void region is referred
to a trigonal hole  and has a radius Rs (i.e., the radius of nanoparticle
170). Rs can be calculated as: Rs = (RL + L) / cos 30' - 2RL EQ. 2  20 The
void between the three nanoparticles is of size to accommodate a sphere of
up to  0.3 095 RL. Thus, the packing density PA, for this configuration can
be calculated as: PA ={[2*,vRs l,rRf ]+1}*{()TR2 *3/6)/[0.5sin60(2R,
+2L)2]} EQ. 3  = 27.0% Thus, if the trigonal holes are occupied with
magnetic material, the packing density will be  increased by 4.3% to 27%.
As used herein, nanoparticles 122 are referred to as primary 25
nanoparticles and a nanoparticle 170 which fills the void between primary
nanoparticles is  referred to as an interstitial nanoparticle. The
interstitial nanoparticle 170 is smaller in  diameter than a primary
nanoparticle 122 and is positioned between at least some of the  primary
nanoparticles 122 in the self-organized magnetic array. The interstitial
voids in a three dimensional array can also be filled to achieve a  30
packing density increase even greater than that achieved with a two
dimensional array.  Figure 5A is a view of atoms along the face of the fcc
structure of a self-assembled array.  Figure 5B illustrates the filling of
"tetrahedral" void sites with an interstitial nanoparticle 8 DECEMBER 2006
WO 2004/003945 PCT/US2003/004620 7  170 and Figure 5C shows the filling of
"octahedral" void sites with interstitial nanoparticle  170. According to
Figure 5A, the following equation can be derived: RL+L=2"2a/4 EQ.4  The
packing density Pv for a self-assembled three dimensional array is as
follows:  5 Pv=4*[47rRL'/3]/a'=9.30% EQ. 5 With 2RL=2'/2a/4. Thus, in a
three dimensional array, 91% of the space is not occupied.  There are two
types of void holes for a three dimensional void array. The first type is a
"tetrahedral" hole (filled by nanoparticle 170 in FIG. 5B) and the second
type is an  "octahedral" hole (filled by nanoparticle 170 in FIG. 5C). The
tetrahedral holes can hold a 
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10 sphere with a radius of up to 0.449RL. The octahedral holes can
accommodate a sphere  with a radius of up to 0.828RL. When the tetrahedral
sites are filled, the packing density for the three dimensional  array can
be derived as follows: RL+L+Rr =3"2a/4  R, = 0.449 RL P6, _ (2 *
[42c(0.449RL )' 13] /(4)rRL3 /3)  +1}*{4*[42rRL'l31/a 3) =11.0%  15 EQ. 6
Similarly, for the octahedral sites illustrated in Figure 5C, the packing
density is as  follows: RL+L+RL +L+2Ro =a  Ro = 0.828 RL Pv = {[4;
r(0.828RL)' /3] EQ. 7  I(41rRL' /3)+1}* {4 * [4rSL' /3]/a3  = 14.6% If only
the tetrahedral void holes are occupied, the packing density is increased
by  20 1.7% to I I%. If only the octahedral void holes are occupied the
packing density is  increased by 5.3% to 14.6%. However, if both the
tetrahedral and octahedral holes are  occupied, the packing density is
increased by 7% to 16% in accordance with equation 8. 8 DECEMBER 2006  WO
2004/003945 PCT/US2003/004620 8  P" = {2 * [42r(0.449RL )' /3] /(4;rR13 /3)
+ [47r(0.828RL)3 /3] /(4)rRL' / 3) + 1} * {4 * [47rRL3 / 3] / a3 }  = 16.3%
EQ. 8  The nanoparticle array formed by the primary nanoparticles and the 
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interstitial nanoparticles can be fabricated using any appropriate
technique. For example, 5 chemical synthesis of FePt nanoparticles can be
used. Monodispersed nanoparticles can be  formed using known nucleation and
growth steps. Reagents are injected into a reaction  vessel to raise the
precursor concentration above the nucleation threshold. Then, a rapid
spontaneous nucleation burst occurs to relieve the super saturation. Next,
a slow and  controlled growth on the nuclei is performed. The separation
between the nucleation step to and the growth step is required to obtain
monodispersed particles. Previously fabricated monodispersed nanoparticles
(such as FePt) can be  formed to a desired size and used as seeds. The
seeds are put into a reaction vessel and the  reagent concentration can be
controlled to be either below the nucleation threshold or  above the
nucleation threshold. If the reagent concentration is below the nucleation
15 threshold, there will be no additional new nuclei formed and the growth
reaction will be  dominated by the already existing seeds. However, if the
reagent concentration is above  the nucleation threshold, new nuclei are
fonned and at the same time the existing seeds  will continue to grow. This
will result in the production of nanoparticles having two  different sizes.
Figure 6A is a TEM image of a bi-modal distribution of nanoparticles 20
formed in accordance with this technique. Figure 6B is a schematic
representation of the  primary nanoparticles and interstitial
nanoparticles. If the number of newly formed nuclei can be controlled, the
size of both the  large and the small nanoparticles can be controlled. If
the size of the smaller particles is  0.3095 that of the larger particles,
close packing of a two dimensional array as described  25 above is
realized. The packing density will increase from 22.7% to 27%. Three
dimensional arrays are formed using a similar technique. Turning to one
specific example, the synthesis of FePt nanoparticles  through a polyol
process to reduce the platinum acetylacetonate and thermal  decomposition
of iron pentacarbonyl is used. FePt nanoparticles are synthesized by the 30
above method with the initial ratio of iron pentacarbonyl and platinum
acetylacetonate as 8 DECEMBER 2006  WO 2004/00394n PCT/US2003/111146211 
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9  1.5:1. The average diameter of these as-prepared nanoparticles is 3.79
nm with a standard  deviation of 0.37nm. These nanoparticles are regarded
as monodispersed and they self  assemble into an organized assembly when
deposited onto a carbon coated TEM grid. Adding more chemical reagent into
the reaction system and having the  5 preformed particles as the seeds,
larger size monodispersed particles can be obtained.  Here, we adopted the
same strategy to grow bimodal size distribution FePt particles. As a
typical experiment, I Oral of the as-prepared particles (around 20m1 in
total volume) are  washed using flocculent (Ethanol) and dispersion solvent
(Hexane). Then, 0. 197g  platinum acetylacetonate, 0.431g
1,2-Hexadecandediol, 20,Oml phenyl ether and the above 10 washed FePt
particles in hexane, are put into the reaction flask. Ar is used to degas
the  reaction system and hexane is removed when the temperature is above
the boiling point of  hexane (67C). At 100C, Fe(CO)5 (98l, 0.75mmol) is
added, then the mixture is heated  to reflux for 30 minutes. After the
heating mantle is turned off and the reaction mixture is  allowed to cool
down, the particles solution is washed. Finally, the particles are
dispersed 15 into 8.0m] Hexane in the presence of 0.30m1 mixture of oleic
acid and oleylamine. A drop  of the particle solution is deposited onto the
carbon coated TEM grid for TEM studies.  Bimodal size distribution
particles and a AB5 superstructure of the particles are seen. The
coexistence of the two different sizes particles results in the formation
of the ,  superstructure of ABS. Size analysis shows that two different
size particles are formed 20 with the average diameter as 6.14nm and
3.18nm, respectively. Synthesis of the bimodal  size distribution FePt
particles can be described by the La-Mer diagram. The concentration of the
precursors produced when the reaction temperature is  reached determines
whether or not new nuclei will be formed. If the precursor  concentration
is above the nucleation threshold, newly formed nuclei will be in the 25
reaction system together with the existing particles as the seeds. If the
precursors  concentration is below the nucleation threshold, there are no
newly formed nuclei in the  reaction system. If there is not another
nucleation process, which means no newly formed  nuclei, the only seeds
available in the reaction system are the existing particles. Therefore  
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after the growth stage, larger size particles are formed and the particles
are monodispersed. 30 However, in the present case, there is a second
nucleation process. Therefore, not only are  there the existing seeds, i.e.
3.7nm in diameter, but also there are the newly formed seeds. 8 DECEMBER
2006  WO 2004/003945 PCT/US2003/004620  10 However, the growth of the seeds
is not enough to balance the increasing concentration of  precursors. This
leads to two sizes of particles after the growth stage, the larger size
particles based on the particle seeds and the smaller size particles based
on the newly  formed nuclei. The relationship between concentration of
precursors and time (FIG. 7A) 5 and between size increasing rate and
precursor concentration (FIG. 7B) is shown. CS is the  solubility
concentration and C* is the nucleation threshold. The newly formed nuclei
will  subsequently grow into the 3.18nm particles. Together with the larger
size particles from  the existing 3.79nm particles, an AB5 superstructure
is formed. The nucleation rate is  much more strongly dependent on
supersaturation than the growth rate. As shown in FIG. 10 7B, nucleation
rate is much more strongly dependent on supersaturation than the growth
rate. That is, the nucleation rate is negligibly small when the
supersaturation level is low,  but increases abruptly when the
supersaturation exceeds some critical level. In contrast,  the growth rate
increases gradually with increasing concentration. Therefore, even at the
nucleation stage, the existing 3.79nm seeds begin to grow. 15 With this
present invention, the oleic acid and oleylamine can be  exchanged for
carbon chained surfactants having a shorter length. By reducing the length
of the surfactant, the packing density of the nanoparticles can be
increased. Surface  properties can be controlled to increase packing
density. Surface modifications of loosely  packed surfactant molecules with
tight coatings such as polystyrene and silica can be used. 20 This will
modify the surface properties during the assembly process onto the
substrate and  also control the thickness. A seeding process can be used to
obtain solution phase  synthesis of bimodal or polymodal distributed
particles. This provides interstitial  nanoparticles that fill the void
spaces in the matrix. 



   8 DECEMBER 2006
The present invention provides a technique to reduce the jitter noise and
25 increase the readback signal for magnetic storage medium. Jitter noise
is proportional to  the grain size at the transition between adjacent bits.
The addition of smaller size particles  into the larger size particle array
decreases the average size of the grain such that jitter  noise is
decreased. Further, with the present invention surface roughness is reduced
because the void holes between adjacent particles is filled. This will
provide a smoother 30 medium. The readback signal received by the read
sensor is also increased because the  packing density within a particular
bit is increased. 8 DECEMBER 2006  WO 2004/003945 PCT/US2003/004620  11 It
is to be understood that even though numerous characteristics and
advantages of  various embodiments of the invention have been set forth in
the foregoing description,  together with details of the structure and
function of various embodiments of the  invention, this disclosure is
illustrative only, and changes may be made in detail, 5 especially in
matters of structure and arrangement of parts within the principles of the
present invention to the full extent indicated by the broad general meaning
of the terms in  which the appended claims are expressed. For example, the
particular elements may vary  depending on the particular application for
the self organized magnetic array while  maintaining substantially the same
functionality without departing from the scope and to spirit of the present
invention. In addition, although the preferred embodiment described  herein
is directed to a storage system for magnetically storing information it
will be  appreciated by those skilled in the art that the teachings of the
present invention can be  applied to other self organized arrays such as
those used in spintronics, nanowire, and  quantum computing, without
departing from the scope and spirit of the present invention.  15 8
DECEMBER 2006  WO 2004/003945 PCT/US2003/004620  12 
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WHAT IS CLAIMED IS: I. A self-organized magnetic array, comprising: a
plurality of magnetic primary nanoparticles arranged in a self-organized
magnetic array; and a plurality of magnetic interstitial nanoparticles
positioned between at least some  of the primary nanoparticles in the
self-organized magnetic array. 2. The array of claim I wherein the
interstitial nanoparticles are smaller than the  primary nanoparticles. 3.
The array of claim I including a surfactant which surrounds each of the
plurality of  primary nanoparticles. 4. The array of claim 3 wherein a void
space is created between the surfactant which  surrounds adjacent
nanoparticles and an interstitial nanoparticle fills the void space. 5.
Thearray of claim 4 wherein the void space comprises a trigonal hole and
the self- organized magnetic array comprises a two dimensional array. 6.
The array of claim 4 wherein the void space comprises a tetrahedral hole
and the  self-organized magnetic array comprises a three dimensional array.
7. The array of claim 4 wherein the void space comprises an octahedral hole
and the  self-organized magnetic array comprises a three dimensional array.
8. The array of claim 1 wherein the primary nanoparticles comprises of
FePt. 9. The array of claim 3 including a surface coating which surrounds
the surfactant.  10. The array of claim 9 ,wherein the surface coating
comprises polystyrene. 11. The array of claim 9 wherein the surface coating
comprises silica. 12. A magnetic recording media comprising the
self-organized magnetic array of claim  1. 13. A method of making a
magnetic recording for magnetic recording, comprising:  providing a
substrate; forming a self organized magnetic array on the substrate
comprising:  a plurality of magnetic nanoparticles; and a plurality of
magnetic interstitial nanoparticles which are smaller than the  
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primary nanoparticles and positioned between at least some of the  primary
nanoparticles. 8 DECEMBER 2006  WO 2004/003945 PCT/US2003/004620  13 14.
The method of claim 13 wherein forming the self-organized magnetic array
comprises adding a reagent to a plurality of seed nanoparticles, wherein
the reagent  concentration is greater than a nucleation threshold. 15. The
method of claim 13 including forming nanoparticles by raising a precursor
concentration above a nucleation threshold to cause a rapid spontaneous
nucleation burst.  16. The method of claim 15 including performing a slow
and controlled growth on the  nuclei following the nucleation burst. 17.
The method of claim 13 wherein the interstitial nanoparticles are smaller
than the  primary nanoparticles. 18. The method of claim 13 providing a
surfactant surrounds each of the plurality of  primary nanoparticles. 19.
The method of claim 18 wherein a void space is created between the
surfactant  which surrounds adjacent nanoparticles and an interstitial
nanoparticle fills the void space.  20. The method of claim 19 wherein the
void space comprises a trigonal hole and the  self-organized magnetic array
comprises a two dimensional array. 21. The method of claim 19 wherein the
void space comprises a tetrahedral hole and  the self-organized magnetic
array comprises a three dimensional array. 22. The method of claim 19
wherein the void space comprises an octahedral hole and  the self-organized
magnetic array comprises a three dimensional array. 23. The method of claim
13 wherein the primary nanoparticles comprise FePt. 24. The method of claim
18 including providing a surface coating which surrounds the  surfactant.
25. The method of claim 24 wherein the surface coating comprises
polystyrene.  26. The method of claim 24 wherein the surface coating
comprises silica. 
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