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magneti cal | ¥ecording technology, densities in the range of 100-1000 Gbit/in® 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
30 recording media unsuitable for archival data storage purposes.
Tt has been found that smaller, stable grains can be obtained from magnetically

harder materials, such as tetragonal L1¢ phased iron-platinum (FePt) or cobalt-platinum



harder materials, such as tetragonal L 1 o phased iron-platinum (FePt) or
cobal t-pl ati num WO 2004/ 003945 PCT/ US2003/ 004620 2 (CoPt) conpounds, or
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magneti c recording nedia. Oher candidates for smaller, stable grain sizes
are rare earth transition nmetal conpounds, 5 such as Co5Sm or Nd2Fel4B.
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lithographic approach is limited by lithography. In order to achieve approximately 1

20  Thit/in, 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, entitted 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



30 CHEM CALLY- ORDERED FEPT OR COPT; U.S. Patent No. 6,086,974, issued June
11, 2000, entitled HORI ZONTAL MAGNETI C RECORDI NG MEDI A HAVI NG GRAI NS WD
2004/ 00396 20882003/ 004620 3 OF CHEM CALLY- ORDERED PEPIUSOM3CWHEI) U. S.
Pat ent No. 6, 254,662, issued July 3, 32001, entitled CHEM CAL SYNTHESI S OF
MONODI SPERSE AND MAGNETI C  ALLOY NANOCRYSTAL CONTAINING THIN FILMS; U.S.
Pat ent No. 6, 331, 364, issued Decenber 18, 2001, entitled PATTERNED
MAGNETI C RECORDI NG MEDI A 5 CONTAI NI NG CHEM CALLY- ORDERED FEPT OR COPT.
Enbodi nents of the present invention provide solutions to these and ot her
probl ens, and offer other advantages over the prior art. SUMVARY OF THE
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such a nanoparticle array. e invention also includes a surfactant which

surrounds t Bebleasdnd ofieretae advaptpeasRyeRibe BYOTAM pe a two or three

di mensi onal array. The invenky®MARY OIIEHEINVENTAON tetrahedral and
oct ahedral shaped voids. Other fTeatures and benefits that characterize

enbodi nents of tAsclferesriped maspetin aresy inckpdes a plaraliifaseetis B e adi ng t he
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BRI Er DESoRT P e R B B e s
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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.



FIG 2B is a diagramof a hard sphere nodel of the nanoparticles of FIG

2A. 30 FIG 3A is a diagramof a hexagonal two di nensional array of
nanopar t i wbego4/008942004/ 003945 PCT/ US2003/ 004620 4 FI G P8B/US003/00di6agr am of
a three dinensional array of a self-onrgani zed magnetic array. FIG 4Ais a
diagramwhich illustrates interstitial void sites in a two dinensi onal
hexagonal array. 5 FIG 4B is a hard sphere nodel of the diagramof FIG
4A. FIG bBA is a schematic diagram showi ng atons al ong the face of the fcc
structure. FIG 5B is a diagramshow ng tetrahedral sites in a three

di nensional self-aligned array. FIG 5Cis a diagram show ng tetrahedral
sites in a self-aligned array. FIG 6A is a TEM (Tunneling El ectron
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surfact aht ol ecures. Thus, the packing density of the nolecules is also a
function of the EIG. bRiryt $cherhaticidingsam which Hivstratesdhqpartisienpf £1G- 6% a graph of
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as cal cul ated f m di anet I cles. The ot 100 shown in Figure 1
is for a twiurligrfernsition af naaopaatyclesnd t he pl ot 102 is for a three dinensional

array. DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

15 In order to achieve areal densities beyond 1 Terabit/in%, 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
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 nm.
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



The carbon chain length of oleic acid and ol eyl am ne nol ecul es is about 2
nm 30 Figure 2A is a diagram show ng surfactant chains 120 extending from
nanopart iwbDeso1®2945n a sel f-organi zed magnetic array. PCIOISe0i3mB04620 a nodel
of the nanoparticles 122 in which WO 3004/ 003945 PCT/ US2003/ 004620 5 the
surfactant chains 120 are nodel ed as a hard sphere. As illustrated in
Figures 2A and 2B, with nanoparticles having a four nanoneter dianeter,
and with the carbon chain of the oleic acid and ol eyl am ne nol ecul es of
about 2 nm the inter-particle distance will be about 8 nm 5 The packing
density of the nonodi spersed nanoparticles which are assenbled onto a
substrate is therefore determned by the length of the surfactant nol ecule
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xagoha
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anot her wi t khe pagdngdeasiki.ng (face centered cubic, i.e., fcc). Mnodi spersed

nanoparticles co ttﬁ? DS Uk ﬁ.%@%dﬁ%[:m&ﬁ agﬁ&npgangggﬁagqglﬁﬁ& hard
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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  anumber of hexagonal arrays 150 are stacked three dimensionally upon one another with
ABC stacking (face centered cubic, i.e., fcc).
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 nm (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
Py Packing density for 3-D array




fraction which is occupied by the nagnetic particles. Table 1 gives the
definition of synbols used in the subsequent discussion: 30 SYMBOL

DEFI NI TI GMOR#So4RmedsNg density for 2-D array PV Packi ng Pde@riseeog/obaeo 3- D
array WO 2004/ 003945 PCT/ US2003/ 004626 6 RL Radius of |arge 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 nolecule TABLE 1 In this exanple, with 4 nmdianmeter magnetic
nanoparticles coated with 2 nmsurfactant nolecules, RL=L. 10 The areal
packing density, PA, for a self-assenbled two dinmensional array is: PA =(R
L *3/6)/[0.5sin60(2RL +2L)2]=22. 7% EQ 1 As illustrated by Equation 1, in

a two dinension array, 47%of-.the ar i upi ed by magnetic
material . Fi gur%MA is a %?{u(l:f Ofé%gerpﬁgﬁétggﬁgéﬁgﬁre 4B is a di agram whi ch
illustrates th % D id ' [

e ?& t hree adj acent nanoparticles

$15 voi d LYY =gi% o1
in a tw di mensiR(TnaI arr dé‘}f(’fqm? etr'%he \r%? .focati on between the three

al

AU T
particles, a voit? area i s 4% Srﬁgg‘@é?@ggﬁe intersection of the
surfactaht nol edul es. As b _ eSO mOIeGe 4 fegion is referred to a
trigonal hole and has a radius Rs (jE. E t he radi us of nanoparticle 170).
Rs can be calculated as: Rs = (RL + j"ﬁzl‘ clos 30 - 2RL EQ 2 20 The void
bet ween t heptiys B@unifd) W@t int figheteSmainetd ZRop:0tiAGmoaBD Ui @ nn sipfhetarg of up to
0. 3095 RL. Thlus, t he packing density PA, for this configuration can be
cal cul at ed melecyss, Beflp*7r RO '/, zR, ] +1}*{(2TRL *3/6)/[0.5si n60( 2RL +2L) 2]}
EQ 3 15 27. 0% TildSreal gackihgdérfshg@?,%r heliessaitedtoURh@diondltafrayrzgnet i ¢
material, the ?ag |ng} density wl e increased by 4.3%to 27%_ As used
herein, nandpabthz¢Bas)/|028n6d @R efH)t 2186 as primary 25 nanopafQ-dles and a

nanoparticle 170 which fill j 'neir ' i
P As illustrated by Equationsl , Enhae tw\éoc{irgents);ﬁ)%a a?rgy,pﬁ!’ S ie HSQREY otcklﬁ)lie%s I'S
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
of the surfactant molecules. As used herein, this void region is referred to a trigonal hole
and has a radius Rg (i.e., the radius of nanoparticle 170). Rs can be calculated as:

Ry =(R, +L)/cos30° -2R, EQ.2

20 The void between the three nanoparticles is of size to accommodate a sphere of up to
0.3095 Ry. Thus, the packing density P4, for this configuration can be calculated as:

P, ={[2*aR2 | 7R2]+ 1} *{(#R] *3/6)/[0.55in60° (2R, + 20?3 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



referred to as an interstitial nanoparticle. The interstitial nanoparticle
170 is smaller in dianmeter than a primary nanoparticle 122 and is

posi ti oneaoketavmansat | east sonme of the prinmary nanopaPCiraisea3n@s2o n t he
self-organi zed magnetic array. The interstitial voids in a three

di nrensional array can also be filled to achieve a 30 packing density

i ncrease even greater than that achieved with a two di nensi onal array.
Figure 5A is a view of atons along the face of the fcc structure of a

sel f-assenbl ed array. Figure 5B illustrates the filling of "tetrahedral”
void sites with an interstitial nanoparticle WO 2004/ 003945

PCT/ US2003/ 004620 7 170 and Figure 5C shows the filling of "octahedral™

void sites with interstitial. nanoparticle .170. .According.t i .6 5A, the
fol | owi ng e\é\%%?‘} ﬁg‘lf‘é\?‘l&ﬁ ovipdhs 6@‘8?0 If’ﬁfileékalay(ﬂd B tﬁ]ﬁtgg%téagﬁiﬁr?g%glﬁsi ty Pv
for a self-asearbbabictd FREreGATRRIDIWIAg @fubtion das bagerfvelld ows: 5 PP = 4 *
[47rRL3 / 3] / a3 = 5 30% EQ 5 Wth 2RL=212a/4. Thus, in a thr

di nensi onal Rrvhy2'%amh of the space is not occupied. There ar egfvfb types

of void holes for, a three di nmgnsign VOl [ AV i -1 LS. a

"tetrahedral " ho 'éeRaFEngﬁ‘sﬁ% Y\i’ﬁ&ﬁ%&' slsc’}’@e‘il%e%idﬁm%{g%nhfg‘)%gna\é@ﬂ?gg'second
type is an pqciahepraki, habgeéf il ed by nanoparticle 170 in FIE®. HC). The
tetrahed?al Pﬁol%ﬂ %g’n %]ofld a 10 sphere with a radius of up to 0.449RL. The
oct ahedr al e, eaifa6c Thanindahee dinkplietabarray, 8100 af thadpass isafot agpupied.0. 828RL.

di monsi onal TOAF A0 1P 8 Wi RJeOLE Do RBRony Oy 11 g Bpy 1R | "L
0.449 RL Pv "tegﬁl?e%f;al"l[zlfb'ld’ «éﬂesciﬂ%?%ﬁﬁa? 810 ifl(lzn.m ahde &rp ;ecbﬂui} fygé ib:aFllﬂfZRL?at i
{:i?)]gfjfg} 561 lf"‘l?féghﬁ%wihﬁ- @kt Iiﬁn?%a%‘gge 107{06? Fﬁ@é&&%ﬁ%ﬁ&ﬁk@ﬁ@;ﬁfﬁggﬂn klbf%{ ) 82;3
RL 10 sphere with a radius of up to 0.449R;. The octahedral holes can accommodate a sphere
with a radius of up to 0.828R;.
When the tetrahedral sites are filled, the packing density for the three dimensional
array can be derived as follows:
R,+L+R,=3"%al4
R, =0449 R,
P, ={2*[47(0.449R,)* /3}/(42R,> / 3)
+1}*{4*[4aR,’ /3] a®}
=11.0%
15 EQ. 6
Similarly, for the octahedral sites illustrated in Figure 5C, the packing density is as
follows:
R, +L+R, +L+2R,=a
R, =0.828 R,
P, ={[47(0.828R,)’ /3]
[4aR,> 13) +1}*
{4*[4zR,> 13) &
=14.6%
If only the tetrahedral void holes are occupied, the packing density is increased by

EQ.7

20 1.7%to 11%. 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.



{[4ir(0.828RL)3/3] EQ7 [/(41rR 3 /3)+1}* {4*[471RL3/3]/a3 =14.6%I|f
only the tetrahedral void holes are occupied, the packing density is
i ncr easedwbyo0203us7% to 11 % |f only the octahedral veca/usedssomee
occupi ed the packing density is incr&ased by 5.3%to 14.6% However, if
both the tetrahedral and octahedral holes are occupied, the packi ng’
density is increased by 7% to 16%in accordance with equation 8. WO
2004/ 003945 PCT/ US2003/ 004620 8 PV = {2 * [42r(0.449RL )3 / 3] I(4;rRL3 /
3) +[42r(0.828RL )3 / 3] /(41rRL3 /3) + 1} * {4 * [4 RL3/ 3] | a3’} =
16.3% EQ 8 The nanoparticle array formed by the primary nanoparticles and
the interstitial nanoparticles can be fabricated using any appropriate
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reagent conggiidlied bWt &n the auddei is feeforntall Eht sepatatﬂdmrtesfmgh the melpationstei ar e

formed and at the sane tjne the existin eeds continue to grow. This
will resdlt @%‘hﬁﬁ@vﬁ? ﬁ%@tr?we‘gporyt? ‘?cfdi%st?f’ré%d %/clleﬁg two di ffergnt si zes.

Figure 6A is a TEM i nmgRo@ly ﬁbmatemdﬁhbdldpeﬁea m!maﬁaazﬂnlmn(sudms@pﬁﬂ) tandiees 20
formed in accordance with this techniq

repr esent at ifesmed o 2 frsiredsizeand pssdas 85545 Ef%e Is%eélg A Butlﬁlﬁ?éfrg%mfs) 3l %ﬁ bddtne

nanopar ti cl feagent 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 formed 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



| f the nunber of newy forned nuclei can be controlled, the size of both
the large and the snmall nanoparticles can be controlled. If the size of
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packi ng of a two dinmensional array as ¥described 25 above is realized. The
packi ng density will increase from22.7%to 27% Three dinensional arrays
are formed using a simlar technique. Turning to one specific exanple, the
synt hesis of FePt nanoparticles through a polyol process to reduce the

pl ati num acetyl acetonate and thernmal deconposition of iron pentacarbonyl

is used. FePt nanoparticles are synthesized by the 30 above nethod with the
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and the abougld WasTRIIGPIERALD R SiSpdrdion RKanEHeRme). Mtién, 0N9TE t he reaction
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the t enper athigtiaupgcetaceionaisel-Ailig T.irHexrdrsanassiol, il phe g?%r.anﬁg\% e%g%‘@
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30 mnutes. After the heating mantle is turned off and the_ reaction _m xture

i's al | oned reastionwistesomd hoxane isgemeyed| vehen disitermpesHitie ds APQLHEE POIRTHBATNPT ¢ he
particles arﬁ%ngewﬁibz%g &géo& gs@oﬁjs @8, %959%@1) idhdibte (1Rh SRS Rreis héhteON

m xture of olerc ac yl an ne. drop” of the particle solution is
deposi t ed ortb cefluk forG@mbionies ddiertie Tigating maptle is furmeegfEand dheggactioRmpgS s sj ze

The. ' coexi stURRed tofoftiucR u8 pefiRePURficfsd WERLL unlly WhFaRRICS Wl Pl Scen
f or mat i ors ofintodml Heparesih theqraserse of 0.38351 mBiureofieir yeid sndsHeylamips At dropo
and 5. 16nm P EE3aR/8goR S ALEFG S the i Lalfeg Rt BRECA RN 1 Femr
particl es caBimbéaldizs disirtbatiorhpartidies ahdia W8 sefiesstyuetime 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
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.
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substrate akdre B
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.

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.



al so control the thickness. A seeding process can be used to obtain
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a plurality of magnetic primary nanoparticles arranged in a self-organized
magnetic array; and a plurality of magnetic interstitial nanoparticles

posi ti oneaokzetavmansat | east some of the primary nanoparPCiraisee3siopene

sel f-organi zed magnetic array. 2. Thelarray of claim1l wherein the
interstitial nanoparticles are smaller than the prinmary nanoparticles. 3.
The array of claiml including a surfactant which surrounds each of the
plurality of primary nanoparticles. 4. The array of claim3 wherein a void
space is created between the surfactant which surrounds adjacent
nanoparticles and an interstitial nanoparticle fills the void space. 5.
Thearray of claim4 wherein the void space conprises a trigonal hole and
the sel f- or\gﬁgﬁg%}%ﬁ@isc_ array conprises a two di nensional array. 6.
The array of i the void space conprises a tetrahedral hole
and the sellf - or daselfeghnivad magietic arreyagoopiising: ses a t hree di nensi onal array.
7. The array of c¢laim4 j. i i 5 A ahedral hol e
and the sel f-orégﬁ’ire{zﬁé%l()%géﬁlé]%ﬁrg%é%og%%gl?%&agggm%ﬁﬁggog#ﬁgﬁi onal array.
S. The array of clai nmhgnebieneaynande primary nanoparticl es conprises of
FePt. 9. The array,of.claim3.including a f . i i rounds
the surfactant. 2 B{rahﬁhgprg?gxgg}c lgFersgiﬂ%tli %n@%ﬁeers g:&%@%@%@ﬁ%ﬁéﬁgg&gﬁfﬁng
conpri ses pol yst yr eneof thd prichit® naopayicle$ inchasehf- Bganiived eiagneticerrgur f ace coati ng

conprises silica,, 12. A neti.c recording. media conprisi he

sel f - or gani Ze n’gﬁﬁ%‘ir?yc"%fagﬁﬁ verely '%F ?ﬂqer%gmg%mM‘fsﬁéeds%@grn%% trl]1§ a
magnetic re ! bpditieTegnet i ¢ recording, conprising: providing a
substrate; formng a self organized nagnetic . array on th bstrate
conprising: 3a pil ?aqramfcmmﬂa%%%a Gf)‘é{r“fhi“i]f‘lsgé?““gﬁ&acgog Péﬁa}ftﬂf/(’fof
nmagneti c i Nnt@implty ddndparfi@goparticles which are smaller than the prinmary
nanoparticles and positioned between at | east so of t i

. ) e primary.
nanoparticl és. Whhoaway dobins wherin Syad S0k Ergted pEwER tp’efﬁ‘érpal"r@{‘%‘ﬁ%"}bf claim
13 wherein fQLEIHA0 adiR@nERinbpRtidd kg 88linfRAMEE AdtiopEticRyfills 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
L.
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
primary nanoparticles and positioned between at least some of the

primary nanoparticles.



conprises adding a reagent to a plurality of seed nanoparticles, wherein
the reagent concentration is greater than a nucleation threshold. 15. The
nmet hod ofwol2aé4m03B5i ncl udi ng form ng nanoparticles by racgiusgow/opseeur sor
concentration above a nucleation threshold to cause a rapid spontaneous
nucl eation burst. 16. The nmethod of claim 15 including performng a sl ow
and controlled gromh on the nuclei follow ng the nucleation burst. 17.
The nethod of claim 13 wherein the interstitial nanoparticles are smaller
than the primry nanoparticles. 18. The nethod of claim 13 providing a
surfactant surrounds each of the plurality of primary nanoparticles. 19.
The nmethod of claim 18 wherein a void space is created between the

surfact ant ich surro . adj Lic | -gggm i stitial
nanoparti cl éwf]l N elflﬁtéoéjl(r’(}i%gangjggg&%&hb@. iﬁg{etﬁ‘g?h%’gmo c?%ieirln@%rga&v\her ein the
voi d space compisesakling 4 wagganals photlity afmed frmopasiidiés, vheyeiniteagagsalgnet i ¢ array
Vol 6 space COIBHIAUEE e T i tBitu I ™ e sel f-or gani zed magnet o
\% ray co tnrﬁr i1ses d"ahet metted 6f densB emndudingy foaying Bfwpartidestit tistg efprashugoim 19

erein e void space conpr.ises an,octahedral hole.a lif = 0r gani zed
magnet i ¢ ar FERFERIGIVER ploye aglgflﬁ?t@g typsheldde 8%57a?P&é\‘}@%‘%S“I‘h@%%%ﬁh%“&%? claim
13 wherein tige PridMEHodaMRAISiisdi@BngCRABmiAga Fetand 2htrolltbgrowthnmdhof cl ai m

18 including providing a surface coating which surrounds the surfactant.
25. The net Aueleideliqwing the puclGtionBrtst- t he surface coating conpri ses

pol ystyre ne;1?._ 26Th HEHBHNPEMAB v the thistiRiBianopaitcluid antiecthat thag
conprises silica.
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.



