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ABSTRACT i

Magnetic Information Technology (MINT), which
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1. EXECUTIVE SUMMARY ’ o
f Magnetic lnformanon Technology (MINTl is S cr.tnca\l 1rowth mdusﬁry for the United

. =«  States: ,'All sectors of the economy, toth publnc and private. need to stera’ ang

sales of magnetc devices to 'rn'eet these needs have reached $15 billion ?nd are
' ' N Cde fa
growing, at abo‘ﬂt 35% per year ‘ Thns grthh' in dernand is projec:ted to continoe for

manulacturg equrpmenr ,ou? by the avaiiability of new basic and app//ed research data /n
R

: . all aress ol’ magnetic /n/orma:/on rechno/ogy Furthermore. growm in magnet/c

/n/ormar/on«fféthno/ogy will be I/m/‘ed by the abserce o/ trained eng/neers, * sTientists,

and faculty: < ) : ) ‘ : ) 3? *_ -

; 7 } . '

By

Y

éurréhtly un’lverslties are producing abproxnrﬁaiéiy 10 Ph:D:s per year Wiih' training

in this area. The cost of e%tablashmg and mamtammg university research programs

to, méet this need i§;estimated, to be $20 million fn capital equipment and $25
- . miliion, per year in Bperiti’ﬁé éipenses v ) ’/" ’ ’

- , Nl
' Those t:_bi’it:li.i§ibh§ ernerged fi':,;/ a MNNT "or‘kshop' June 22-24, 1983 in
bfflce of lnterdnsmphnary Research Burectorate

Washington, D.C.. sponsored by th

for jEngineering; National\

_zz:adem'ie; government; agf

speciftc progra and fundmg recommendations for the NSF.

MINT ang to. formulaté

- - The worksho(“hgstedfb? Cernegle-Mello Bmvers:ty and the Unuverslty of Caluforma

agld mdustrral lnstxtutlons met td defme the research, needs in

‘ iSan Dnego. focused on what universities must do to address the varnous rasearch

_needs in MINT ‘and on how more students ean_be_enc u

nation, we most meet the cmfulfnlled needs of MINT and that to Lc:l/o“ so, we must

in MINT, both in tradmonaﬁl, unl.v,ersrty

’ develop strong academic research programs

: 9ett| ’gs and in Unuversrty Centers of Excellence or Research Institutes. __
' g

A summary of the specitic recommendations made to the NSF by the worksnop

j\partncxpants follows: " _ 7

‘Ihe NSF should supplement and encourage industriai support of two to

’ four Centers of Excellence in MINT at gniversities. This support should

inelude funds for equipmeni, support for facuity and graduate students.,

&l

Q ! . . *
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and support for visiting  faculty. Sponsors should encourage the centers /

to have complemaentary activities rather than to éérTnBéié.

. e The: NSF shouid estaplisn a MINT research pregram for. single

investigators. To do this, they should stress the mualtidisciplinary “nature

of MINT research, encourage new entrants into the field; and direc* funds

‘specmcally to MINT.

‘ . .
U - . -

e The NSF shouid identify MINT Wagﬁafj;iioﬁii priority ; and encourage
industrial laborato’hes to become more active in supporting MINT research 5

" at umversmes. o

ts The NSF should encourage Umversny/mdosmal mtercranges To do this,

they should continge and gxpand existing methods of encouraging

N mterchanges and initiate~ mdustry/umversny felfowships for exchange of

g . technical staff; especially for small R&D-oriented firms. |
ﬂ
¢ The NSF should ‘éiaaaa the pooi of referees rar;:,\wm proposals.

e The NSF should hold a follow-up meetmg in two, years to evaiuate the

, "»J 5’
-~ . .

2. INTRODUCTION: WHY A MINT WORKSHOP? - - o
Magnetic Information Tachnology (MINT), i the gse of magnetic technigues and

materlais to store information, is a critical growth |ndu5try for theé United States. it

is critical because of the need to store and retrieve increasingly large amounts of

/ - _
information al increasingly rapid rates m such key areas of the/dcondmy as the

firiérii:béi communications, r’esearc‘h' and defense sectors. Its growth has been and .

) the sa%s of semiconductor memory devx?s a)d are growmg at 35% per year v

Ty .

In todays data procassmg systems. (both armcond tor. and magnetnc memorres
0

information. more voL.ummdus m nature* is. usually Stored in mass storage dEWCBs

than RAM. A typncal iarge computer system has BAM sufficient ro store ' at least

one to twa million characters of mformath’on Its mass S\torage capac:ty ‘is wsually

,,,,, B t -
thousands of times grBatér : . . .

-

e

(4 : e
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'Serniconductor RAM is violatile, i.e.- ths mformatlon store there disappears when

“the Eow‘ér rs turned off, Magnetnc] memories, howaver, ard hon-vola;ule and are thus

[

aseful for Iong term storage of Informatnon One form. of magnetrc Stdrage, bubble

iec’hnoiog\'/, '

The cost of

T ‘ Sré slower Magnet:c bubble dev»ces are p<esent|y used in; spec:al purpose
- :\‘/ apphcatrons where non}volatrlnty or durabslnty are lmDOrtam If; as many jeet; their
¢bsts can be iSwered relative to RAM, they will aiso Have a dmarketin lower

’ performance éﬁﬁinoitiohs o j . . ]

| o \ 2

«MoSt obsi‘rvers of the ~computer fneld agree that both" magnetlc “and semnconductor
) memg’y devices wnli cdntinye - to have Iarge rapldly oxpandm@' markets. Yet;
. ) progress in magnéetic information technology has been hé'rﬁp'er'e'd b’?-a I'a't:k of long-

term bas:c studies ‘of the _recording process and recording gevices. ;éojh industry,

thh; .t,s ‘short-term: goals, and Umversmes with their faalure‘to trbm PhD s in

. \{J = recording resgarch, have contributed to this problem: This Situation is in marked
contrast to semiconductor memory techh’oiogy,‘where a dozen university research
Eéﬁters, supported by' government agenc:es and mdustry at !e\/els‘ mv%lvmg numerous
facuuy and tens of rﬁiiiioris of doilars, exist or .aré’ OW bemg buiit. R
. . : Y - ]/ » . .
Why has research in/ MINT not W€pt up with the growth 'of the industry? There are
two closely related easons: its Iow-technology nmage and :the lack of awareness
among the nation’ reséaroh tomm‘umty of : its rmp;ortér}ée and its research
opportunities: . sy - -
P . - ) A
Mégh’étits technologrcally speakmg, IS ‘an oig fieid: therefore, many view it as 2
“soived problem.” That view is far ?\om correct. There are iﬁoortéht applications
__in robotics, communications,” and information processing which are awaiting the
jvi?iéf;’iiity' of devices capabie of Stqrmg tens . of " billions of ;Bs;a?é;g of
- informatjbn in a few cubic feet of volume and of *accessing blocks Nof that
i " ihforation in milliseconds; then transferring it at the rate of -tens of imillions of
N characters per second. S 7 <
] " Such d;vrces based on magnetic mformatnon techmques are realizable "in tne near
. future. futrbunldmg/?fa' commerc:alrz:ng them will reguire the sofutuon of important
- research tssues ranging from better ?ﬁﬁaiﬁeﬁtii underStandmg of magnetic recordmg
" te q;norovement ii .
., 5 \‘, ’
-
k‘ - - i‘
- - & 4
p,,r(’\: / I :}j
o : I t
' Q L .
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These\resaarch issues 'réi:i'réséht opportunities, not obstacies. Magnetic information

téchr sibg'y is Eifaii/ a “solved problem. . Edi ii HEB any avenues for bi"o”gi'éis ¢

opportumt:es m MINT Has reached only a small segment ‘of thae acxdemlc resnrch
C e

b

community in the tnited States. . ‘ . _ : E
R ' > _ - ‘

- 4

Few chemistry, ch’é'rﬁit:aly\ gmeermg, mechapfzai engmeermg ahgﬁrﬁéterrals SCxenth'

5?6?6556?5 are awara of the c‘mllengmg resaarch problems that MINT: offers Even,

’

takes place in our umversmes. are not quy aw re of trhe:industriai need for specn‘xc

’research in MINT. Until the umportance and challenges of MINT rasearch can be

affectively brought to the attention of the academic commumty, the gap between -

industrial nesd and supporting university résea!rch will continue to widen (Tabla%

Recently, the é’sfbnshrﬁéht of academic centers of excellence in magnetics

technology or magnetic recording at Carneglg -Meilon Umvers:ty (w/the Umvers»ty

of California, San Diego (UCSD). and the ijversaty of \mnnesm\a has been 2a
a

heartening development. But these centers are only 13\ their infancy d thev aione

are inadeguate to address all the research issues in M& Thus it (s ééiéﬁiiéi mat

-mdusuy and government be encowaged to 5uoport researchers zt these c'enters and

it other cniversities where smailer; but still significant, MINT programs are underway

Likewise, it is essemnal to encourage other ganiversity resear*hers in many c|sc olm

tO’fUI’Sue the mterestmg and OUtStandmg problems reiated to MINT. ==~
. {’-

Recogm.mg the. s:gmf:canﬁ'é? thesa, issues. the Oftice of Interdiscipiinary
Research Dxr,ectorate tfor --ngmeéhﬁg, the Nationai Science Foundation (NSF)

sponsorad a MINT workshop '~ in Washington; D.C. on June 22-24;, 1983, hosted Sy

cMU  and UCSD Thé mvuted ;:z:rm:xpal"rts2 mcludeﬂ agademic, indastrial; 5aa
gove,rnment ‘experts on MINT. Their charter ‘was go define the  research needs in

MiNn td exsclore what unwersmes might' do to address those needs. and :0 dls<:uss

’

\ how that rgsearch mlght be organized and sponsored. : . 9

. . N :
'S . . L4 ‘ J
.-

4 B ——
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} - 2) Faculty & Facility Requirements for p
y‘{/» other MINT Research (Rm, 519)
M 7 s L 3 o ) S
ty ' 3) Government Compared tc Industry :
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P ' AGENDA FOR HﬁRKSHGP ON MAGNETIC INFORMATION TECHNOLOGY {MINT) .
‘e -Carnegie-ﬂe 1on U%lver'1ty e : ) ,
- Urfiversity of CA, Sah Uiego . - . C
. ) Sponsored by NSF - : .
- i Y ) s -’ . -
¢ . June 22
- . o o - s
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(Dean Angel G. Jordan,
T/gg1e Mellon University)
. 8:15 - 8:30 PM : "Current Status of industry/Univers1ty Relations
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(Dean M. lea Rudee. _ //7
Un1vers1ty of fat San 01ego) o
r 8:30 = 9:30 PM _"New Ooportgglgjg§71 Research"
. \ Jack Sanderson,
istant Director; .
< irectorate for Engineering. ~
Nftrional Science Foundation)
R June 23
) e 7
. Wisconsin beﬁ

Charge to Workshop. Attendees <y
(Dean Angel G. Jordan, Carnegie- -Mellon University

(o]
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(@)
'

e o]
e
w
z

{ Dean M. Lea Rudee, University of (A 4t San 3Jiego)

[o+N
p—

W\m‘ .

Universities for MINT Rpsearch”

. (Dean M. Lea Rudee, Unfversity of CA at San Diego
. , Dr. Jack Judy, University of Minnesota B

' | Or: Mark Kryder; Carnegie- “Meilon University)

9:45 AM ~ “Current & Planned Capabilities at

ol

V\\
9:45 - 10:00 AM * Break
10:00 --12:30 PM Panel B1scuss1on wijhat MINT Research is Needed ’
in Universities" (J. Geusic, J. Lemke, J. Maliinson
P. Melz, J. Morrison, R. Potter, D. Thompson, R. white)

Sumbarion Boem
12:30 - 2:00 PM Lurth
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2.1. WORKSHOP lSSUES
The parpose Of thp workshop was to provide/ guidance to tné NSF from 4

multidisciplinary arfl ghultisectiona: group discussing the following Qquestiors:

!

§ i . .

1. Wha( are Y e.! MINT .research needs in sugh areas as eiectronics, irateriais;
Ziencg. magnetic phenomena and devices. derodynadmic aspects gf

magnetic _sysfems, signal processing,. and triboiogy as it. bears «2‘
mighaitﬁ? B

""" in the university

(S A
I
O
w
s 4
o}
c
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3. What sre the vehidles in the university environment needed to facilitate

adaressing MINT research (ssues? : 7 v
- , d;,_Wﬁ At rdusclp!mary settings (such as centers or institutes) woald be
appropriate?

uirements? j

s

What are the instrdmentation re
6. What are the current Capabniitiés in the University reseadrch community’

-

3. MINT RESEARCH: J WHAT WE HAVE: WHAT WE NEED

S oLl W - - o

To provide guid’a’h’t'e’ to the NSF regarding MINT research, the participants in thel
WOrkshop as es;ed the current state of the field — its research topics, personnel,
and equipment.  Their ‘general conclusion was that currént MINT researct in <he

Unitea States 1S not)dequate to support the preserit level of activity in the heid et

aione tnhe projected 35% annuai growth rate. That conciusion was not Surprising.

Jdore imporrantlv. the workshop prodaoced detailed iInformation about the present and

projectec MINT research activities in CONtrast to the Dreésent and Projected needs of
-~ . ' - & - o . . -
the incdustry. To put “that information in perspective, we provide the followinrg

background. ‘ | )
= . : i
. . - - ;
3.1. BACKGROUND - s |
3 The history of magnetic’ recardmg is 'on'e' of szeady progress toward h|gner aensity.
> §i’diidé bf ’ ithihﬁétlbh and ih"c-éiis;éd data transfer rates. The
. researcn indicates that this progrcss can continue for ihe next decad’E “and b yo'wc

\

T . . ey
Ei'c*i increase in recordmg dens:ty and information transfer rate Y!QUIY!S aovances
in many areas. mc.udmg coanngs.lmagnenc medla fecording hesds, signai-processing

elec.romcs. disk actiuators, and disk controilers. A Dbreakthrough in one area 2ione

ERIC

Aruitoxt provided by Eic:

4



-

O

ERIC

Aruitoxt provided by Eic:

o ___ ,,,;7””,777ﬁ”7 S oL Ll
does not laead to increages in information density. _Rathgr. that breakthrough acts as

3 stimuius 1o resaearch in’ the others, uitiniately leading toc improvad recotding

systemas. \: s . RN

ré'c'o"rdx'n'g' s’vswﬁj.{ must make choices SrTwéﬁé advances in oid technologxes and

is competition. among/partmulate metailic thin fiim. and sputtered ox,dé retcrding
media. Likewise. MnZn-ferrite heads. thin film inductive heaas. and magneto-reS|stxve
Redds ara sérious challengers to 5'u'|i< territe heads: )

More dramatic Changes in recording systems are likely as perpendncmar recordmg

with Its promise of greal!v.increased censities; {mt[{nges longntudma’l recording, the-
dmg systems would erﬁploy new

current stancard technigue, Parsendicuiar reco

- media; new heads: and new signai processing devices in a system which is aireacy

one of tne most r—hned mechghucal and eiectronic marvels ever developed: %’

Sther recording technologies, such as Sptical recorcing. are also making inroads

into 2he marketpiace: These technoiog:ies,. which used focused laser beams 1o access

Hits, 'csb'.&tbday be made with much more narrower track Widths than conventionai
magne:c recording and information densities on the- order of 10°/bits per square

centimeter, rougniy ten times higner than conventional magnetic recording: - Using

magneto-octic media. this optical recerding techinology couic be made erasdoie. thus

;;rowdmg ail the features of present-cay magneuc recordmg it the gensity o7 opuzal

re_cordmg. . '

it is tne feasibility of devices like thesea that is ariving the demand for ‘higner

density, higher speed, magnetic recording devices. information processing,
communications. and d&tense muustﬁéé SEé Srepared to build systems incorporating

Secause tney are sohd state devices; they are much more resistant to harsn .

environments (vibration, dirt, ragistion) than other magnetic recording sysiems..

Furthermors, they offer the .potentiai of combining large amounts of non-voiatile

storage with sn-chip logic.

&
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On today's market 256 Kbit; 1 Mbit; and 4 Mbit :(K=1034;, M=1,648;576) memory
modiles ars available with 16 Mbit- devices expected by 1985.  Their cost is
economical in.small numbers ($100-§200 for a 1 Mbit cardl. Because of their

They are comparabie in cost to semiconductor RAM, but slower: .If their cost can be
reduced relative to RAM, they will alsc find a market in lower performance

‘applications.

3.2, WHERE ARE WE NOW? - Cow
% Ai:"a”dgmic MINT resesrch in the United States is carrently a very smail activity: Of
the Six or SO universities invoived in MINT, most ﬁﬁe_’cmiy 3 single faculty member
in magnetics. In contrast, the Japanese have more than & dozen Mmajor university
programs in magnetics technology; and these are effectively coupied with substantial
~industrial research efforts, involving an average of 35 people per industrial laboratory
) ~ working in recording and a slightly smaller namber in bubbies. ® Japaness industriai ,.'/'
o :_researchers are actively involved in commercializing innovative ideas in magnetics.
technology Which ofiginated in university 1aboratories. :

There are those who look at this comparison and speakZof the need to respond 1o

the ~Japanese Threat.”  The workshop participants, fogfthe most part, took a more

_. S .. e
positive view. They looked at the market in information technology and spoke of

\ the need to respond to that opportunity.

follows. g o
3.2.1. CARNEGIE-MELLON- UNIVERSITY - S o

According to Mark H. Kryder, Professor of Electrical Engineering. CMU nas a
broadiy-based magnetics research initiative, including faculty in electrical engineering:
- mechanical engineering, physics, chemistry, cheémical engineering, materiais Science.

computer science and mathematics. This activity has graduaily grown over several

O
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magnetics and siynt ‘rom otner disciplines wnose worx appiies to magnetic recdrcing.

Twenty-five: gracuau studams. Six siting scientisis. and 'wo :ectnical st taff paople

cb'm"oléte 'he (:Eéiir?i ac-w'iiy' ?A:":ii recearch éi:;'n”cxtu'ré d'u'r;,'n'g '982-@3 was about.
[

,,,,,, . -
The new research wiil emphas.ze 'nac;nenc : rc:mg a.thcugh existing ace xvx.y in

magnet:c cuboles and otner areas will ..::nt nue at ‘eas{ at current leveis.
v

v

in 7983. CMU spent §3 miilion .n creating vCCC sg. ‘t of new fib'cr'a:'cr? anc ctlice
‘an c

scace and 4C00 sg. ‘t. oé ciass 100 ciean sgace ‘cr e Center. .n acdition.
extensive laboratory facilities and eéui]én?éni aireacv exist at CMU ang are Seing usec
for research n ine magnetics area. : /

- ‘ i

THe Centsr sians, in ‘983-34; to acc two new

ty. 'Aciucing at 'east one from

tné magnetic reccrcing ares. anc wiil also nvolved six mcreasCMU facuity czurrently

acCrkimg A cther disciplhines. Gracuate student anrdiiment willi increase to 37 .n 1983-
22 anc 38 n 1984-35. The numoer af vis.tng Sciertists '&ili ncrease o 'S5 oy ‘S84-
85, 35 .eAch ASSOCiale ‘Vlember " Sompany will 58 entitled to nave a sciemiist in
réesicence at :he Center.

Researcn areas at the CEh’té'r nciude magnetic recorcing. magnetic Huboies:: hard

~magnetic MAtErials; 'nagr‘e!'uc cr:nting, iosses n  $o‘t magnetic materiadls. 3anc

microwave lecangcicgy. Afscziste Viemoers of tme Center nhave. .n acdition 1o the
FiGRt to nave a v:siting scienust ‘acilitatec access (0 ‘acdity and graduate siucents,

Sreaprints of researcn repofts., rovaity free license (0 Satents, free use of software,
‘e r1gnt 0 attend an annual eview, anc merpersnio on an sgvisory commitiae that
ST > N
meers sermi-annuaily.
32.2. UNIVERSITY OF CALIFORNIA. SAN DIEGO
Acgording 1o M. L&s Rudes. Dean of DCSB's SDivision of Zngineering. the recantiv

est3ohsned Cantar fo: Magnetic Recording  Jessarch Wil encompass 2

in ccnirxii;zié an Sﬁﬁﬁiils

i ™
magitig, plinary approach to magnetc recording research,
es rivolved in 'nagneuc

on magnetics per se. addressing ail the kesy techno

recording.

'8 JOO 000 hias alrnady nean COmmmed by mdusxry tOwarE}s a goal of $11.000.600;

£4,000,000 of these firids will bs ussd to construct .a buiiding for the Ceéntar Ahich

14
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will house & large portion of its activities. Whe University has also provided an

a’c:’diti'o"ri;l‘ 87;066;660 to the project for expanded teaching iib'o"rét'o’i'y and general

purpose office spacs.

;.Bé facuity ii UCSD contains ‘many members whose research spééiéiiiéiiéﬁgwi@
S lr‘l"

<
magnetic 'r’ei:'o"r'dm'g, thus ccmributmg to the multi-disciplinary approach bging taken.

These Ebétiiliziti'o'hs 'r'an"g'e from e théoretical physics of strongly .nteractmg'

All companies which contribute $300.000 or more in three years will be represented
on the advisory commitiee for the Center, while those that contribute”$1.000.000 or

more over three years wiil be abie to des:gnate 3 staff member in residence: All

resear=h results at UCSD will e piaced in the publlc domain thmugh publucauon an

the open literature.

in addition ta financ:ai support, two companies have made semor std{f available to

the Center. one fuli-time and sne part-time, 10 assist in its establishment.

THe Cantar's main research and educational activities will be in San Diego. where it

" has brought on board its first visiting professor, but it will aiso be able to draw on

the cbﬁibiété résources of the University of Galnforma System as needed. For

L el

3.2.3. UNIVERSITY OF MINNESOTA

Dr: Jack dudy: Protessor of Electrical Engmeermg described his proposai for a
Magnetic Recording Center at the University of Minnesota. Judy is Optimistic 556di
gstablishing & center since the university is attuned (o the center concept, and it is
Siiaady suppcmhg centers in microelectronics; surface science. electron microscopy.

-

one Ph.D. gracuate per year. it was the ofirst university in 4he Unitads States (o Work
on perpendicular magnetic recording fiims. The University offers courses in

maqgnetics. including one in magnetic recording.

"w

N

.
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Judy pointed out that magnstic recording research at ‘Minngsota will continue evén
without additional Sup.ort. Howevar, establishing a Center of Excellencs would

“enabie the Univarsity to expand its current level of actwuty The goais of the Centeg -
et
would: be research graduate education, and tec‘moﬂr{y trjnsfar jys proposm
N
reques L$™$.1.5 million in annual funding through 198? At mat ievel Center would

donduct research in&magnenc meédia, heads, rriéi;riéiic r-cord:ée and reading

-,
-

technigues, anad the electromc and mechanicalr aspects of magnenc information
téchno/ogy. .The current core of six faciuity would geow to twelve in apout & year

and tc fiftesn one year later. Student enrollment would grow from the current 5 to -

10 in 1983-84; 0 20 in 1984 85, andsto 30 by the 1986 =87 academic’ vear.

Minnesota is currently equipment-iimited, so cne million of the first year's $1.5
s million wajia o into capital equipment. That amount would. decrease to $500.000 in -

tHe second year and 5256 366 in the third. The rest of the mcney will go toward

The University wouid own oatent rrgnts to) anv mvermon, dlSCOVered at the Cente&,

but wouid grant non-gxciusive rights to spongors: ' . s 5

~
v

32.4 OTHER UNIVERSITIES

about magnetics programs at other universities in the United States: At Purdue;
Friedlaender's magnetics group has ioineo forces with the Materials Sngineering

magnetics group and the Mechanicai £Zngingering School to promote an

interdisciplinary institate in  Aagnetic recording. They have had substantive
discussions with potential industrial sponsors and are aﬁﬁﬁiiy’ in tne process of
preparing a proposal for the institute. {f \3

. t. .

Purdue’s strong erigmeerlng research programs and exceilant access to equ:pment

have anabled Friedlaender's research in high gradient magnetic separation to 0vercome

its undeserved “low !echnology image. But individual mvosugators in magneatics. at

other universities are not so fortunate. Théy must_ contend with the “solved

L ™~ T
oroblem” xmage noted above as welil as wrth I:muted v:sgblhly For those professors.

attracting graduate students is difficult because magnetics research is not weil-known

outside of a few schools ’

v 1

Yet those professors cor%tmoe to do useful original work, demonstrating the vaiue

of the mdnwdual‘gnvesugator in MINT research. Friediaender emphasized that funding

e T

Fod
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) institutes in QWNT; ’ 3"

A Magneto-optic writing, which has the advantage of erasaballty, depends on the

7

for their research must not get lost iij;the rush to develop Centers of Excellence and

j ) ] l ) /;\. ( .o ; ) S
3.3, WHAT MINT RESEARCH DO WE NEED IN UNIVERSITIES? - .

Gne objectwe of the workshop was to review the current research needs in MINT.

In raponse to this objective, eight industribi panelists presented r2search interests in

MINT Each panelast dns:‘.ussed the nEed for University research in ‘a sgecific area:

* 3.3.1. MAGNETO-OPTIC RECORDING

Dr. Robert White of the Xerox Palo Altc Research Center discussed magneto-optic

- writing and reading techniques, then highlighted the R&D opportunities in the field.

temperature deandence of the coercivity of a magnetic méter:al A focused laser
beam Hheats a small r89l0n o the material, lowering its coercivity ih-iﬁe heated

region. The magnetization in the Heated re'gro'n' al:’g’ns itsetf with the amb:ent

magneuc field while the unheated bbitibi’ié of thé material are unaffected The

the laser lnght thus, very hugh information density is’ possibie.

Magneto-optic reading @epends on the fac: that a magnetic fielfd rota&es the plane

*V’han is needed to

of poiarization of light. A iaser beam (of much lower intensit
write magneto-ofticaily) is focused on the medium bearing the information. The
piane of polarization of the refiected light rotates in a sense determined by the

direction of the magn’etizaiidn' A polarizer used as an anaiyzer can. transform the
Ly _
rotation of th plane of 'polarnzatnon into  an ihtensity change: The mtensuty

fluctuations can/be ea Hy mterpreted as mformatxon iy

The major issues in magneto-optic information technolog(are cost of the heads
and signal-to-noise ratio. fhe R&D opportuonities arM media and magneto-optlc

heads. In medxa, Whnte stated that we need to dF.veIop a fundamental understandmg

state is not the ground state. No«se; especiaily the nature of defects in the media,

is also an important research topic. In magneto-optic heads White cited two areas

tfor research: (1) the integration of the laser and optics mtox,jge system and (2)

, (o

e
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3.3.2- MAGNETIC BUBBLES ' . -

Ors Jcseph Geusic of Bell tas&a;BEiE? dxscussed R&D needs in mag'\enc bubbnes

espe?xally m the facs of Japanese competmon For example.,dapan Teads in <audio’

and video magnetic recording. Although tha United States Ieads in dug:tal magnenc

reCOrdmg, tha Jaoanese are gaining in this area. They are;aiso gammg in moving

© medgdia, bu&-xher gams in flxed media such as bubbies are dramatic since the Unn,ed

~

States effort:fhere is dechmgg. : - .

Geusic pointed out that fixed media lead to more reliability. whicH is especially

critical in machine control, robotics. and defense and spade applications.  He «

~mdlcated that given that magnetlc Subole technology is an advanced high performance

form of_mass storage technoiogy, the digitai magnetic recordmg mdustry shculd:
‘ embracgﬁxed media,” so that we do not once again make the mistake of pursuing

6i—iiy the short term té'chh'o’l'o’gies. He sugges.ed that the pnited States is losing

'g'ound in this area because we lack the basic ph:la§ophy to support long-term

PESEE?C.‘K a

! .
Stressing the synergism that exists between f:xed ‘and moving media magnetic

recording research, Geusic ideritified the foHowmg areas for improvermrent in magnetic

vbub’blé tachnojogy: device density, performance {(temperature range, speed. powerl,

manufacturing cost (proce;s \_echmques. testing time), and .the funcamentai
understandifg of materials and circuits: . ;

domair wa.l dyh'ai'h'i'c lirmitations; understanding and predicting performance:of

5?65555666 structures. cifcuit 'rﬁ'o"deiiin'g techhidueé; effects of the substrate-to-film

resear;ﬁ arole that emphasizes fundamentai understandmg and kno Iedge They must

educate b'r’oa’dly trained neaw engineers and SClentlsts. and they 'rﬁust be selective

wWhen askad to assist industry to solve short-range problems. ’
N J {. j
. N
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333 MAGNETIC BUBBLES AND MAGN:TO OPTICAL RECORDING. WORKSHOP RESPONSE

* 1r’a later session of the workshop one group of partuc:pants had the responsibility’

" to discuss research.in magnetic bubbies and magneto-opt:cal storage in the context

. of the workshops charter. PBuilding on tHe contributions of White and Geusw they

concluded that support for resgéarch in”these areas should continue: The importance

, of d'o’i'n"g so is summarized in Tabte 2.

Br. James U. Lemke of Eastrman J;chnology ‘described the advantages of and

problems ii’i particulate ﬁﬁédia recordif g. This technology (utnhzmg ox:des) is currently

dorninant in all ftelds of magnetlc recording. Such media are relatlvely low in cost,

resttant to wear and corrosion; and have large potentials for growth in information

packing dens:ty.

- Particulate media are low in background noise and S|gnal-|nduced noise becaiuse

there are no Bloch or Neel walls; no exchange coupling between particles. and no

sawtooth transitions betyyeen domains: The magnetic. properties of the particles are

easily varied over a wide range: The binder System is desirable since it allows a

_ smmooth cast or calendered surface and easily accommodates additives ‘for: lubrication

and durability. The areal information density, llmlted only by Superparamagneusm

couid conCervably reach ten billion bits per square centlmeter. _Particulate media

recording has the hnghest lineal density ever reported ten thousand flux changes per

mitlimeter: r-or perpendicular or nsotropuc recording; thick coatings may be used that

-

mask the effects of. ‘substrate defects: % “ w v ) \\

_ . S )

Lemke\— suggested research on new particles including bariym ferrite, surfﬁce-

‘modified oxides, and alloys with multiaxiai aniéo’t'rop'y'.; ﬁésear'ch' on obtaining

perpendrcular anisotropy with acicular particles .would be an “area suitable for

university research, having a large technological impact. He noted that no

satisfactor’y theoretlcal model of media noise exists with theory predicting ?OdB
rn'o'rﬂ' noise than s found experrmentally. He also noted that erasureoand time-
dependent remanence- are not understood with partnculate systems. Investigation of

Fe: 6 or Co-doped yFe O with Jspin waxe technuques could telI a fot about the
Y 7 )ﬁ

surface properties of the partlcles that are crutncal to their switching performance in

3 recordmg medm He 2ls0 sag_?es.t:;]nu\ Mmore work Should be done on particie

interactions, calling it the central problem ih recordmg It domirates the rec%rdmg

process. bug the general many-boﬂcm; sroblem for ‘s’trong nonlinear

/ I e ﬁg
* .19 /0 , D

"eractnonsﬁwrth
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and fabrication techniques producing desured magnetic annsotropy

: T 15 v T
‘aibxtrary anisotrdpy Has naver been solved. " )
. - ’ R - L4 13 i
_ = ’ - ‘ S
335 THNT FiLM MEDIA . o T

between gniversities and -ndustry. ,r__J'He rmss'on of 3 untversuty is to pro-duce

knowladge and train stukents Bnlvéféuiy researchers may collabdrate, bBut suzh

coilaboration is usually with ariother researchier in the same field: In industry: on the

ol L.

other hand; the goai is ‘tq produce a satable product. Pursumg that goal usually

requires an interdisciplinary team effort.: .

éiéa’d 6ﬁ that i:dnibéi'iédn, Melz concluded tha: Universiiieégéﬁéuid Hai aaaaaia

by supplying trained stadents and by orowdnng a kn0w|edge base in areas ‘tﬂ?x\cal for

technological advances. Cntm.:;jtaustncs from the 1983 Intermag Confererce in

Pmladel' At universitylindustry coopeiéi/dni of that sort /s not

in U.S. magnetics research. Of 56 papers on magnetncfand magneto-optic

l1a; Meiz pointed out

recording, only two were ®ritten- by .5. universities and iwoO more were ,omtly

yy U.S. universities ancd industry: Two 55556?5 were by foreign universities,

and tHree papers were products - of collaooratlon*between mdustry and forexgn()
- ét R -

With that situatiog as background Meiz .laid out the 1mportant areas in thin film

recording media indwnich rasearch is needed: He cited magnetic properties, defec:
reguction, head-medla :mterfaces, characterization techniques; and  fabrication:

techniques: He suggested ani ersny involvement in the f’oilcwmg rgsearch areas:
"oercxvnty mechannsms and the variation of coercxvnty as a functnon of film thnckness

or deposition method' structure of domains in thin fnm.med|a, magnetic swnchmg"

._‘:mechanlsms for thin film medla' technndues tor studymg dynamic magnetnc propert:es:;

4.3.6- HEADS. ACTUATORS. AND SPINDLES

(.

Dr. David Thompson of IBM, Yorktown Heights, discussad r adnngirecordlng heads

and relatad topxcs kxng at recent trends in the :ndusuy, s noted that it i5_fow

relatlirely easy to enter the magnetxc retording tmld In fact. there have o

approxlmately 30 -company Startups in the pas: threaP -years:- ThlS eage of entry

‘muhes that there is 8 iot mo{a worti that is appropnate to be”done at ClnlverSltleS. .

ST ~e 4

Tﬁ;ﬁﬁ‘ibédn identified a Iargd h\;.umber of areas f;:r head-reiated reskarch. ln-_the\

/ -

~ -
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basic. research sreas. he discussed the need for modelling, including models of

=

frmgmg, three-dlmensuonal models and nonlinear models. oam's;'n' effects is another

N A I T I T
N using scanning electron microscopy. the Bitter effect, and microprobes; lmproved

. measurement is also lmportant tecl'lm\r%ues to measure bandwudth fIyTng he:gm dead X -
’ 6 layers and the efféctlve head-disk ga,p are needed = '

e .

coupling and mat%gls research. _ Materiais _ with higher magnetlzatlons and

ps——. -

} permeabllmes are of great interest: Mag?xe?oresnstlve effects, propertnes of lammated
) fxlms, wear, 'a'n'd corrcsuon are also-lmportant areas fov materialis research . -
> -\ '
i EEEESFEE into head devices is algo needed. Thompson discussed both parametric P
%0 d Hall effect) and compound heads. ' Research

issues related to compound heads mclude write wnde/read narrow heads tunnel \Q

o erasing. ring and probe heads, piggyback servos; and side shieiding.
: > .
REEESFEE intb heads must aiso include the h'ea’d/disli in’ierface’ Ther‘e;; 5 large

air bearmgs, surface analySns trlbology and lubrication (wet or dry) hepd and media - /

L ‘ wear, sir flow, and start/ Stop problems: Those proble:ms cover 2 w?ﬁe range of
discy 'lih’és, ihtlUdihg m”a’t'elii'a'ls science; chemistry, surfage science, metallurgy, and
mechanical engineering. : ¥ P

, ‘ 5
. Fmaliy," Thompéoﬁ iis:iéa 5 i-i'u'm'oé'r of research areas in" track. f’oiiowa{sig- posiiioﬁ

bearing, air bearing, magnetic bearingl; head suspensions; actuators (compound

1

s inchwerml. L .

3.1.7. 'VERTICAL MAGNETIC RECORDING A ¥
Dr. Robert Potter, one of the founders of the LANX Gorporatlon dnscussed research

nssues n perpendlcular (or vertical) m’a’gh"etlc recordmg EANX was formed in 1981 to

alu’min'um substrates; LANX has achieved perpendncular recordmg using exlstmg

" Wihchester ferrite heads: - :

e 7 } . - M 7

One advantage of perpendicular recording is_the use of 4_thicker film {10,000

Angstroms_vs. less than 500, Angstroms for the next generation \ longitadinal disks). 4
g

/

N .
: o
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Tﬁi?. ‘iﬁiéi&ﬁééi iasgs tu ease in 'rﬁs'rmfé'cmi-ihg, greater resistance to corrosion,

PR s

;A second advantage is ‘the narrowér “txansition léngtn. The !ower iimit to transiiion

length in longnudmal recordmg is self—demagnenzanon i™domains become too -~mail.

Perpenducular recor dmg transmon Iengths are hrmted by the 3ize o? the cotumnar

structures in the medlum. The, nar;owar trar‘SmOn lengtn permg.s hlgrer dens:ty)-

B .
storage of mformanon and the,’mfo 13tion .S MOre amenaoie (o linear fxlt"rmg on

readmg. t

fh’es"e:%uded

head fleld caiculations; deveiopment of se(f—v‘ons:s:em modeis of the: 'réi:o”rcmg
ST .
process, vec:or h’ystereys models: noise li;e: non-continuum moceis)._ c‘waractenzat-mn

of media b'y' means other - th"a'ri recordmg experiments (egr vf:branr}g samole -

' 4 N "
333 SYSTEMS : / -
Br John Maiiinson of Ahﬁbéx,spéékihg’ of 'ré'co”rcir\'g systems, eipi'essed concern
thdt most ideas in magnetic réE/oEaiﬁg’ come from abroad. Nc acvancec recsraing
b1l -

media has originated here. He then listed several areas .in wh|ch new ideas éiE%};

.

needed for both analog and digital recording.

» -
4

'n tneoretical areas. he citeq tne need for th'réé:dim%hs.ohai head fiele calcuiations
for saturable (non-iinear M-H) materiais. for three-gimensionai. or. evep two-
gimensional,” models of magnetic hystaresis, and for the characterizatior. of channei
non-iinearities ‘and the inversion probiem.

~s

individual particle Switching, magnetic structure of thin (x;éfin&ii/ﬁé?iiBﬁiSH metailic

recording media, head flying measurement and control. pnd integrated preamplifiers

for low impedance heads. - s

3.3.9. MINT RESEARCH Ai‘%it:»i INTERNATIONAL MARKETS

J'o’h"ri Mb?risoﬁ o Magneuc Penpherals* inc. preséﬁtéd an overview 'o'f the MINT

companies share fundamentai recnnology, but they compete in redu?:iﬁéj that

ieéﬁﬁéiééy to EFEEiiEE The Jébiﬁéié 'gb\;ié'rhhiéht 'p’i'a’ys’ an active role io'fosrer

7 i
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etforts in MINT. This approach, he baljeves, has been effective in generating a high

level of poductive research in MINT and has led to successful Japane

netration

,,,;,,7,,, T e ;
in' this country, our biggest problem is industrial access to our technoiogical
capacity; singe. our companies compete at all lavels including basic research. in

_ been.so .much smaller than Japan's: Therefore; he conctuced that. we need

government involvement with industry and universities in order for fhis country to

, T .

4. SOME SPECIFICS: RESEARCH PROBLEMS: FACILITIES. AND PERSCNNEL

., compete successfully in MINT.

Preston asked the participants to consider the following gquestions.

1. What, research' probfems in MINT are appropriate for umiversities to

19
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\‘ 5. What Qowsecge and professional orientation shouid graduates have? (

3 . The following s8ctions SUmmarize the Participants résponses (o these questions.
4.1. UNIVERSITY RESEARCH OPPORTUNITIES IN MINT ‘ ;

LT~ L LoD ool - o __ il A - oo
hg__}/vorkshop participants;, 1s multidisciplinary, cdntaining a

MINT, according to

disks, and chemists and chemical engineers to study properties of matenais for

heads and maedia. A summary of some of (hess multidisciplinary probleins 15

’ 2.3
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42 INSTRUMENTATION . - f
The pa?iicxpnms acdressed tre question of instrumentation from two ‘perscectives.
) jeneral amc topicai Sey feltgmat the generai ghuioment outiines in. Tacle 3 was
L ]fnéédéd;fci a well equipped magretics research facility. The ‘topical list. Tabie 6.
. represants eguipment needs as defined by resaarch area. | ~he ‘tabies nclude

, apporoximate cOs{s. as estimated Dy ne parficigznts. Sa:f’ed Sn these :aoles; it i3kes
[ . '$1.5 t3 $2 million to equip a Center of.Exceilerce with one or !wo areas 3t gnicue

expert-se. This is cTonsistent with Krvcer's: Rucee's., and Judy s estimates in their

reports apout ther -emers. . : K

‘. . . .
')

Rowever. °ven"he cest fac lmes = not nawve all :he equipment thev neec. ang ail of

them need 10 <Ograde &xisting ecguipment to 3¢ statE-of-the-ar: Eéééii’c& No tachity

. n the U.S. sossesses tne more. sconisticatec equicment, Sit;ii as eieciron seam
‘*oiogracry or ’T\OIE"mar ceam er axv 2gurcrient Zegscateg o mathearncs ~ork,  The

; . _. o
.acanese invent redl tne eiectron Deam ﬁorograchv (echnigue. anc 1cone, o* the moiecuiar
~eam eoitaxy’ SvSiems in the L,.S;. sre agolied to rmagnet:ics crotiems. s
} . \ . B P
i - ~ 1 : P _ hd . -
. B ’ . ‘_

4:3. PERSDNNEL lSSLES SKILLS AND NUMBERS

,,,,,,,,, < R S
Nithout gquestion, the .aCx of accroonate!y tramed De:sonnel is 'he Jreatest '.hre’it

1o the success of MlN.-remtec ingcuysir:es in ‘na Jnited sxaﬁs '\dany iAciucing -ecent
8.5. sracuates anc orac:xcmq«?arcfesmonals.'afe,sm*pw aniware of cpporiunities

availabia in MINT and co not realize that MINT industries recuire personnel ‘rom a

R P e
v'é'r‘xcéiv of tieics, COnseCUéhH/ the nurnoer ot peoople actuaﬂy entering tha ‘ield; has ,

fallen dramancaHy short oi the neecs, -
N a

hd -

At present. the demand for graduates 1s ‘nearly an order of magnitude grl'a!er ihan

‘he supply. Even with the’ NL!NT centers most ;otlmusuc, sstimatas. they will De adbie

R T — . . e
1 i 1o meat only 40% of mdusuy's demands Dy 1986. Tapte 7. summarizas ‘'he

fituation. Clear'y: a national 'mtiative

s neeaded tO zioss the g3ao:

k '

ot squipping a MINT Ceanter with 50 stucents, 520 3 r—n.qa nh c3pital édui'ph.am Wil

be reQuired to Support ihii/sduéiinéﬁ of tha steady -3yt Sopidlation ~f 380 ‘gracuate ¢

-

- ! ‘ \

24

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

( v ‘ : 20 ¥
studerts neeced by industry. L.kewise, estimating $50.200 per year per student to

cover siuipencs., tuwition, equipment, computer time, and faculty supervision costs, the

Bevond jhe numbers, the partic.pants aiso considered tne issue of appropriate
trainirg. Bacause MINT requires researchers from $O many areas, the PAarticioants

‘nrograms. It was stressec. however; that there is a real need for all of these

graduates to have a good basic uncerstanding of non-iinear magneucs. Professors in

SUch programs snouid be encouraged to Pursue research in the context of MINT:

gracuste will emerge, tnaracterized by maitdisciphnary or intercdisciplinary sk:ils as
Well as spec.3lized knowledge. Such gracuates will be especially valued by industry:

5, STRATEGY AND RECOMMENDATIONS

Preston of the NSF also charged the partic.cants (o consiCer the appropriate goais
of uUniversities relative to tne national and incustrial needs n MINT research. In
particular, she ssked tHem (o Consider How these neecs should be adcdressed in the
Jniversily environment. Should they be aodressed in departments or centers’ Shodid
we ‘estabilisn compiementary centers? HoWw should intellectuat property rights be

handled? Theirgfesponse was a suggested strategy and set ot recommendations,
) ) o S - N .
described beicw and summarized n Table 8.

51, CENTERS AND SINGLE INVESTIGATORS i

The sirategy 15 10 begin with a few- (two to four) Centers of i&xceiie’n’ce; Witn

1l soon prove thewr utility. It is, Of course.

cooperate and to develop complementary
ouraged through the infiluences of sponsors,

including ths NSF. i )

— Al the same Uume. the NSF should establish a well publicized and supported
program for single nvestigators. To enhance individual research programs and 10

rediiect some faculty towargd MINT research: that program should include the support

oo
.
i

-
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5.2. UNIVERSITY/INDUSTRY RELATICNSHIPS : Z

strengthened:  In MINT, tracitional interchanges; such as faculty sabbatizais in
industry and visiting -ncustrial scientists in Universities; are carrently not as erfactive

as they shouid be. Part of the probiem..is that much of the innovation in.-MINT is

taking place at newliy staried companies. and such companies cannot afford exchange

Srograms to ancourige ndusiry/university ifteractions. Cf particular value would be
a ‘pilowsnioc 5?,@5?55 to foster interchange of grofessional 5tatf ge:ween umvers\itlés

/- S oo ot S o ——— .

a3 smaill R&D-orientag firms; R . :

. . ~
e N o : o
Ynteraciion bDetween universities and ndustry n MI.NT can 3alsc be broadenec Dy the

ficiication of ;iiié-&?ii'ﬁéiéh review papers, the estabiishment of a MINT news!etter,

. . . T I3 imiaa oo s f i
ire he caeveioprment of MINT sessions at !arge naticnal meetings. The /Mechanisms

‘sr tHese activities must Srow largeiv out of ne MINT resedrcn community itself.

|53 REFEREES

The NSF's pooi of referees for sroposals n MINT must be axpancec as MINT
research i3 encouraged. Some of the referess couid ¢ome ‘rom the existing zool of

evaiuators if they are aierted to the importance of MINT through appropriate Program
%sncghcarheﬁié; New raferees. recruited for their exgertisa in MINT. will of courss,
nave to be made familiar with the policies and Snilosophies of the NSF system of
seer raview.. 3ecause of the empirical nature of mucn of the researcn. referees from

he NSF i this arsa will be to find 8ppropriata mechanisms for review of

interdisciplinary proposals: !
5.4. FOLLOW-UP WORKSHOP : :

The workshop participants recommended that a follow-up worksHop e held within
tWwo years. THa purpose of that workshop wouid be

Workshop. | ' , 4
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§.5. INTELLECTUAL PROPERTY RIGHTS , : o :
The participants recommendu.-d that in the future, 85 riow. intellectual property rights
should be negotiated individuaily in each case.r No blanket pelicy could possibly be
satisfactory to all parties concerned:
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TABLE 1 .

Q‘% " THE NEED O ENCOUP \GE. MINT RESEARCH -

x s Neec. to store -and retriave more ihibfrﬁ_jiiéh at increasingly rapid

rate in key ac\i:;mnc sec:ors such as
\Fimancial -

Communications ]
Ressarchn ’ - .
Dafenss

Magnetic Memory is a Growth Indastry -
s Bigger- than samiconductor memories - /

» Giowing at 35% Annual-Rate ,

‘ . . /

X e :
e Current Research is Insufficient N

s Progress . hampered by lack of i'o"rigz'téi"rﬁ.r

asic Studies of the
recording frocess and recording devices

3 iLow-tech, "soived problem< image is an obstacle -

s Research community is largeiy unaware of fne importance of MINT

s Sesearchers dor't recognize relevance of their disciplines to MINT

- o
-«
g

- N ~

~ v
| 28
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TABLE'2'

THE IMPORTANCE OF RESEARCH ~

"IN MAGNEW_: BUBBLES AND MAGNETO-OPTICS

- - - - - - - - R N e,
Magnetic bubbis technology “oday fills a8 market niche where nonvolatility

and ruggedness are important, e.g., Dou, robotics.

e Continued research will maintain confidence in and open new applications
. ~ ) v

for bubble technology:

o Garnets are particularly convenient for studying fundamental magnetjc

phenomena. Thus there is Synergism between research in bubbles 3nd
recording. ﬁ
s

Magneto-optical sgorage is approaching commercialization:

4

Magreto-optic effects have broad device potential: : /

¢ . S - .

L]

]
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o \ S TABLE 3 //('

UNIVERSITY ééséAch gv@nwnms IN Mmﬁe*ric RECORDING

¢ ' 'j.i;-

EI:ECTRICﬁt kND CO PUTER ENG!NEERING/PHYSIGS/APPHEB MATHEMATICS

)

£ e Models and measurements tp understand magnenzanon mechamSms
heads and medla T
-&71.. N - : 7 B ; -
‘& Information theory: encodmyy error. correction, signal/inoise ratio

Signal Proce ing equalization. daco}ng 4

[ 4
Q.
o)
3
P d
-~
o
]
=
3
o
~
<
[«
=
-~
[
3
o
Q.
w
[
he)
[}
[
=
o)
2
3
e

y!

MECHANICAL ENGINEERING/APPLIED MECHANICS

e Dynamics and stability of moving structures;

Tribology: head/madia int@xtace. including fluid dynaemics; air bédrings

L.«

MATERIALS SCIENCE/CHEMISTRY ¢

3

. i'rﬁbi"o'({é'd materiais for heads. medx}, lubrication. wear-resistance;

corrosion-resistance S -

#




TABLE 4 . ;

BﬁiVEﬁ;ﬁ'? RESEARCH OPPORTUNMITIES IN MAGNETO-OPTICS AND
'~ * MAGNETIC BUPBLES ‘ \;\
¥ I\

ELECTR!(/:AL AND COMPUTER ENGINEERING/PH{aICS/APPL":D MATHEMATICS

. E){plmtttion of Vnew ultravsol source -and pucosecond tectﬁ?é;;; to

v

. Béﬁiiﬁ nucleation saa EijﬁiﬁiEE o
° PFBEE%FiiEé of Bloch lines )
¢ - j . o ) B N -
. Development of befter magnetic transducers <{Magnetoresistance, Hall '
effect) - . L . ‘

I . _ : : S . ] T
ldéhtifitanbh of major microscopic factors in magneto-optic phenomena
s ) A}

Modeiling and application of magnetic nuy@?mces

ICS/CHEMISTRY/MATERIALS SCIENCE - . T

b
X
£
w

- _ T [
e Assessment of potentiaI}of amorphous rare efrth- transmon rnetaj films

for bubbles R

for rnagneto op\t%ev:ces - R .
) s / P> v A ;. - V . ;’

N .
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or

o/

Vibrating Sampie Magnetometer (VSM) .? L o
-with programmable field . : . 110K
: , L L i o
Dedicated Scanning Elécmz'n' Microscope (SEM) C
*  with-energy dispersivg x-ray.system P 150K
. 3 o . - . . BT :
Tast Beds - ‘ e B .
Instr&mentihb’h’ . . 50K .
' Mechanical : ' 50K B
*PIUS technician with mdustna\knowledgv : % .
B-H Meters s ' 50K
Torque Magnetomaeters . : 10K
Lasefs Magnetometers ; 100K
regromagnem: Reson‘a/nce . o 150K
Generg Instrumentation e 250K
‘ ~Al§pfngeiqihegg fabrication capability=
(Evaporators. ion milling, .sputter etching. photolithographic
equipment) : :

«The eemer aiso needs access tc a weH equupped analytr:zl laboratory
WWI\Ih TEM, SEM, Aug!er spectroscopy. X-ray diffraction, etz

0

e o
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I ) TABLE 6 | N

JOPICAL EQUIPMENT FOR UNIVERSITY MAGNETICS HESEARCH

_ : % s
TOPIC . ’ : x /( - ‘
Equipment J Approximat Cost (K=$1OOU§ A
TICULATE WEDIA , ~_ o T
Fiuidized Bed Reactor’ i 125K 3 :
Electron B Curing « 150K , I
 Miscellanfous 4 125K A
Subtopic:/Metaf Particles N , ¢ _
.Chromatofraphs ¥ J - No estimate i
¢ Safetk_Problem: Nickel Carbonyfl « ; i
N - &
] .
CONTINUOUS FILtMS - | | .
Sputtering (incl. gas analyzef} ' N | -
lon beam deposition ' =~
Evaporators v ’
TRIBOLOGY . . _ o <
Surface Analysis ~ Materials Research Lab
Test Systems ’ 10K
MODELLING , ' o
Dedicated Computer (e.g.VAX) - 150K
ELECTRON BEAM HOLOGRAPHY 250K
L Fihas Dedicated Facuity Member » .
MOLECULAR BEAM EPITAXY + 350K ) : .
«Dedicated to Magnetics* Co . :
[ L ; ) ] X . /
POLYMERS - : .
Rneometers . No-estimate ' }5 “

Y
4
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PERSONNEL SUPPLY AND DEMAND IN MINT
Graduite Students Produced Anndally by Magnetics Programs
\s *PhD.'s 10,
M.S.'s 5 .
Total .- 18

Total ‘WNT Center Prolecuons by 1986 (Assummg support is.

forthccmmg for 4 centers and a numper of smaller efforts) -

Students ~~ 200
) FacuRky N e 50
- Grad tes per year - 40 Ph.D.
7 40 M.S. 2 )
‘Demand S ‘ -
Present Aanuai Need for New Ph.D. Graduates
Industry “ 100
R - New'’and Repiacement Faculty 25
B . Tosal . : ) ;125
. .
B Long-term Steacy-state Need in MINT Research
ve Students e 500
Faculty 5“‘\/ 128
Graguates per year 100 Ph.D:
a i - 100 MSS

Do '«\*\
S N
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Start with 2-4 nters of Exc ilznce -
&
e Research there will demonstrate ut:l:ty of the concept

D Spon§‘6rs should encourage cbmplementary activities rather than
.competition . [

a

Establish Weu-pua?:icized and Supported. N§? Prograld in MINT for Single

e Identify MINT research as high nat onal priority

( e Stress. multldusa‘uplmary nature of MINT

e Direct tuhds spec:flcall%o MINT “
\ .

-~

y

Establish Support for V:smn‘g Faculty at- MINT Centers

Encourage Umvers.tyllndusxr:al lntarcfiﬁééé ) g‘

. €ontinue and éibéhd all existing methods

. :

investigators

AT Ny
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ATTENDEES .

MINT Workshop L
Washington, DC; June 22-24, 1983

Dr Jarnes Aller )
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\’nagn’etits T'ech‘hda gy , 7

A8
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Deputy Director. Electrical
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Stewart Cummins !

AFWAL/AAQE? o ' )

Wright Patterson Air Foce Base i

Ohio 45433 ' %

Elec’rycal Engineering &
Computer Sc:ence e
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Ms. Susan Dunkle

Office of the Dean

Carnegie Institute of Technology
Carnegie-Mellon University
Pittsburgh, PA l5213

PN . Thelma Estrm%E
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:  Computer & Systems Engineering .
Nanonal Science Foundation .

Washington, D.C. 20550
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Prof. F-itz Friaqiaenderii o

Scﬁopl of Elsctrical Engineering \j
Purdue Umver:gty — NG
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Br. doe Geuilc
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Dr. AI Hoagland

IBM Corporation
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Pittsburgh, PA 15213

Prof. Jack Judy ' - -
Electrical Engineering Department
University of Minnesota

Minneapoiis, MN 55455

Prof. Mark H. Kryder

Electrical Engineering Department
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s P.O. Box 2663 /
Deimar, CA 9‘016

LI

b



Or: John Mailinson o

Ampex Corporation . /
oI : /
Broadway )

R, dwood City, €A 94063

Mr. William Meiklejohn .

General Electric

Corporate Research. & Development
Schenectady~NY 12301
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