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competition Is intense,
and the technical
challenges extreme.
Leading commercial
magnetic disk drives
today store about

25 gigabits of data

per square inch. The

National Storage
Industry Consortium
plans to demonstrate
a recording density

of 1 terabit per square

inch—40 times today’s

level—by 2006.

Cover image; A series of magneti-
zation patterns computed for NIST
Micromagnetic Standard Problem 4,
an important benchmark for vali-
dating micromagnetic design tools.

Y his is the best and worst of times for the
magnetic data storage industry. Market

potential is Vast'an-d:gr(mdng?' but globa], .

New materials are needed that have smaller
grain structures, can be 'produced as thin
films, and can be deposited uniformly and
economically. Recording heads must be

1design_ed to produce higher output sighals'

and lower noise.'Com'pohent_dimensions
must be made smaller, and the measure-

-ments more precise. New lubricants are

needed to prevent wear as the spacing
between the disk and head becomes small-

_er than the free path of air molecules. New
- methods are needed to standardize compo-

nents and increase yields.

- How to achieve those goals?The' National o
_ Institute of Standards andTechnology can
 help. For the past century, NIST has been
_ helping us. _industries invent and manufac-

ture superior products reliably. It offers

. state-of-the-art technology, measureme_nf
. tools, and standards—many of which can-
~not be found anywhere else —as well as a

reputation for technical excellence and neu-
trality. Staff expertise spans all fields rele-

_vant to magnetic data storage, including
~ materials science, electrical engineering,
* physics, mathematics and modeling, manu-

factufing engineering, chemistry, metrology,
and computer science.

N!_ST is deVe!oping magnetic standards.-

 needed for quality cbntrol by the data stor-
. :'age: and magnetic materials industries as '
~well as instr&me__nt manufacturers. NIST has :
. prepared “spin valve” recording heads with
: _ cutting-edge prdperties, measured ma.ghetic

switching dynamics, and pioneered meth-
ods for imaging magnetic materials in fine

~ detail and rapidly fabricating infir_iite'sirnaliy
~ small metallic structures. NIS_T measure- =
~ ment tools and expertise, which have

helped the semiconductor industry keep

_': doubling perforrrian_be every 18 months, are
~ equally relevant to data storage. And NIST
_has unique facilities, such as state-of-the-art

neutron scattering facilities, an elaborately

_ instrumented magnetic thinwfilm_depositibn i

laboratory, and in situ magne-tic characteri-
zation and atomic-structure characterization

equipment.

_ Molecular beam epitaxy chamber for in situ

depth profiles of magnetic film surfaces and
interfaces. ; :

This brochure de'scribes 13 areas of NIST

research that may be useful to companies
in the magnetic data storage industry and

~ related fields, including electronics, semi-

conductors, 'and'magnetic random access

_memories.

~ How to Tap
NIST Resources

.C.ompanies can take advantége of NIST

resources in many ways: by purchasing
Standard Reference Materials or calibration
services, attending workshops and semi-
nars, participating in cooperative research,
licensing pat_ente_d technology, using NIST

 facilities, or requesting technical assistance
‘with specific problems. Details can be
found at hitp/Aivww.nist.gov, click on

“Work with Us?

~ Those interested in NIST research on the
topics described in this brochure may con-
tact the appropriate person listed in the
- sidebar. Arrangements may be made for

research collaborations under a Guest

~ Researcher Agreement o, if confidentiality
- of cooperative research results is desired,
~ a cooperative research and development

agreement. In some cases, NIST can pro-
vide free technical assistance or information
that requires only a brief time to complete.

Technical assistance may involve a written

response, a telephone call, on-site discus-
sions, visits to a non-NIST site, or a combi-
nation of these activities. :




‘Magnetic Standards 8 Mi "romagnetlc - ._
Modeling. NIST strives to meet i o
' _needs for new s’{andards for both thm frlm . and multilayers in a variety of ways. Nei’rtrén'-

'needs for new methods of measuringkey = and magrsettc

of toois for imaging fine detail in magnetic

microscopy with polarization ana!ysrs
s being upgraded to allow magnetic |mag|ng.

: '_ tool 'is a scanning tunneling microscope with
- a special coating on the stylus np 4 Other

i mlcroscope and ma o
; __for studies of magn

___atormc fome microscopes for studies of
__top_ography._at atomic scales.” For studres of

. d_e\r'_ei_qped the-m_agn_etd—_optic indicator film
_ technique, which is easy to use and requires
- -only inexperrs‘ive’ equib'n'i'ent"15"e NIS‘T also

: dama_g_sdm_ag_ne_trc_recqrd._rng__n_'._r_e.d_l_a._:__ -
" 'applrcable to measurements of.p

' _and other elements of data storage dewces

systems.” New MEMS fabric

_microtorsional oscillators.

Si'r;ictur;e _pf_Magnetié._Ml__:._lti§aye_rs__, NIST & - Magnetic Dynamacs N{ST research OR e s
dete_r_min__es;.m_agnetic structures in thin films = magnetic dynamlcs seeks to evaluate materral o
 behavior, exp!am energy transfer processes o

and bulk magnetic materials, aswellas  reflectometry is used to pmbe both strucmral - and*ﬁnd ways of mampu atmg these dynam .

properties.” """ The standards can be usedto ~ density profrles1 i
calibrate magnetometers and assess materlif _ High-angle neu-
_tron diffraction is

_als._ln addi_tror_r to m_lcrom_agr_le_t!c__sof_t__W_ﬁre., .

(reversals n magnetlc moment) n magetore—- -
 sistive devices.” %7 Sta%e of-the-art instru-

_NEST a'lsr) has'deveioped_ four standard prob- . among few tecﬁ-
lems to assist with comparisons of different ""mQUes ava able '_ .

 micromagnetic software pac:kages computaf : "_'_'_for charactenzmg : R
tional techmques, and algorsthms : o :antiferromagnetrc Iayers, whlch are |mp0rtant s

_in exchange-biased structures. Electron
. microscopy and X-ray techniques can be used
. 'study ether structural aspects of f;lms and

Magnetlc lmagmg NIST offers a varrety

materials. The facility for scanning electron alu
: _"n X- ray dlﬁract_ n rs :
. the method magnetrzatron can aimost elrmmate under-
! _of chorce for - damped ringing in a magnetic _swit(_:h_in_g

below 10 nanometers (nm).*'#** Another key

Magnétiza on Control. The orientation of
; magnetrc moments can be comrolled through .

‘equipment |ncludes a magneto optrc Kerr

__frelds at surfaces, and- :

‘magnetization dynamics in real time, NIST

techmques allow meamrements Gf changes in
. : - certain materials as the: magnetrzatron rotates; =

data authentication and data recovery from _ial techmques to magne’uc matenais automaz» ~ NIST also is investigating .

~ novel nonmagnetic

. a0 measuremems wi I enable researchers tn

valves As a premrsmg -
alternative to exchange

Length measurements m the nanosca

techmques are-used to L
- -mduce shape amsotropy

.grant aﬁd colossal magﬂetoremstlve (GMR
-and CMR) materials to stabllsh a screm'

valves to operate at higher temperatures :

mg sensrtlve but mexpenswe magnetemeters
‘based on microelectromecha : MENIS

'rmpr'éved stability.
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_ ST imaging techniques
structures can help to pro- : _ help to correlate the magnet
‘accurate measurements . ic, physical, and chemica




Thisreasions -_-of-
Selected NIST
Capabﬂmes

Magﬂetic Imagirtg_ e
NIST pioneered the technique of scanning
electron microscopy with polarization analysis

 (SEMIPA), used 1o observe magnetac structures :

up to 100 times smaller than can be seen

using optical techniques. SEMPA is umque .

in thet it can dlrectly |mage the magnitude
and direction of
a magoettzatron

.produced by

The technique
assisted in the
"rapld deveiop -
ment of hrgh densrty magnetrc data storage
systems. For exampie,-_-ln hard disk media,

it was used to image the structure of dig.ital_.
bits fo correlate the magnetic, physical, and'
chemlcal structure of the lndlvrduaf grams .
in the thin film.

NIST helped o |mprove magnetrc force micro-
SCOpY. through the use of superparamagnet#c o
- tips and by fabricating magnetic imaging ref-

erence samp%es NIST also developed new
'magnetrc resonance force mlcroecopes that

Junei 2001

as small as that

1,000 iron atorns..‘-

"com'bine the basic principles of scanned
'probe mrcroscopy with mageet;c resonance

rrnagmg to achieve quaot;tatrve field map-

_ping ata spatlal resolutron ot 1 urn W|th an i

_eventual goal
of 20 nm.

'NIST contintes

ts balhstrc electron magne‘trc mrcroscopy, -

: .whrch can be used to |mage buried magnettc-"
: _structure in sub- mrcrometer devrces with 5 '
nm resolution, and to measure local EdE :
._dependen-t.tranSp.o_rt;oroper-tieseuch as sp_i_n . '
. relaxation lengths.

Magnetic Medze'l'i'ng .
: _Mrcromagnetrc computatrons can save tlme
.ar;d money in the deS|gn and analy5|s of "
. magnetic materials and devices, whichare
. complex systems of alloys and multilayers
i -'c'onta-ining-up to 12 different co-mponente;.: Lo
: NI'ST's'ci'entists and mathematicians devel- -
: 'oped a comouter program called Object
' _Drlented MlcroMagnetlc Framewort( Its
> .mrcromagnetrc pred:ctrons can be compared
~with the predictions computed by other pro-
-~ edthe potenttal of GNIR de\nces to work at '_
- frequenctes upto 4 GHz far greater than the -
05 GHz typical ' .
i ._ 'today The data

:'grams enabimg researchers to make more -
: :accurate models of many computer storage
. materials. ; '

- The userfriendly program has a well

~ documented, flexible programmer’s interface
to allow outsrde researchers to swap therr

own c_od_e._m and out.Th_e_software (available -
_ at hitpy/math.nist.gov/ioommf) has been

- downloaded more than 2,000 times smce
i "January 1999. It is used by leadrng U..S...flrms

: "as weII as mtematlonal y NIST has reieased .

1o work on new
._fmagmg.me_th,_.: o
- ods. An example

‘the modifica-

for operation of

_ Giant.Magnetoresi_stance.. :

NIST is a leader in giant magnetoresistive

'(GMR) materrals ancl technology, mcludmg
the preparatron of spin. valves exceedmg 20

percent GMR— -a much. hrgher value than the

‘research standard Read heads exhlbltmg 3 :__ .
 large GMR are ultrasensitive. NIST also devel-

oped methods to optrmrze the propemes of
GMR matenais by producmg them rn the -
presence of a tiny amount of pure oxygen |n
a vacuum chamber. Studies of the thermal

; _'degradataon of GMR films have shown that
tantalum ancl taotaium oxide capplng layers

are much rnore robust than goicl

Research on GMR has been accelerated by ;

NIST's AcivancedTechnelogy Program {ATP), .
whrch supports reseerch on enabling tech-

no!ogles Wlth the potennal for high payoff in

. the natlonal economy Among its beneflts the'_
ATP encourages the formation of research :

__ partnerships that otherwise would be unhkely

'or even rmpossrbie A ;ornt venture {under

: _way frorn 1992 to 1997) Ied by the Netionai

: Storage Industry Consomum to develop GMR L

. recording heads brought together severa!

Ieadrng U St flrms

IVIore recent y, hrgh speed measurements
made oy NIST and col!aborators demonstrat- e

ciearty show

tions needed

recordmg heads and magnetrc memory

.that must be attamed soon if magnetrc data _

- storage is to maintain rts.teoho.rc_a_l ac_i._vantage_' o
~ over competing formats,

. Of the software that Wi%l enable researchers e

~ to model layered materials.




