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Magnetic Information Technology (MINT), which

involves use of magdetic techniques and materials to store
information; is a critical growth industry in,the United States.
However; experts.fromfboth industry and academe foreca'st the
inability of the Unifeed States to meet demand in this area; According
to these experts, growth _of magnetic information capacity
the near term, be limited not by the industrial capacity to
manufacture equipment but by the availability of new' basic and
appliedresearch_data_in all areas of MINT;' Furthermore; growth in
MINT wills be limited by the Osence of trained Angineers; scientists;
and faculty._These_and pther conclusions_emergecl_from a_ MINT worksho
which focused on what universities must do_to address the. various'
research,needs in MINTand on how more_students can be encouraged to
pursue graduate study in areas applicable to mint. Recommendations
made to theNational_Science Foundation include requests that the
agency supplement and encourage industrial support of two to four
centers of excellence in MINT at universities, establish a MINT
research program for single investigators;_identify mfin_as a
national prio ity,*encourage industrial laboratories to become more
active-in su orting MINT. research at universities, and entourage
university -in ustrial interchanges. (JN) r
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1. EXECUTIVE SpIAMARY

,
c

. . k.

C kilagnetic InfOrmation 'Technology (MINT) is .:: critica\ irbWth iridUL-str; for the United
,4States; All sectors of the economy; both public. and private, need to store 'and

retrieve rapidly' increasing yluffles of informatior;iat rapidly increasing rates. -Annual
sales of ,magntilc devices to meet these needs. have reached $15 billion nd are

growing. at `abobtl 35% per year. This growth in demand is projected to continue for
,several years. Yet experts from bgth industry and acildeme fOi-ecast the inability of
the United States to meet this ,-,demand. According to these experts, growth of magnetic
information capacity will; in.the'near term; be limited not by the4-induktrial capacity tor_ _ _ _ _

manufacture equipment pert by the availability of new basic and applied- research data in

all areas of magnetic infOrmation technology. Furthermore; growth in magnetic

information ethnology will be limird by the absence of trained engineers;'scientists;

and faculty. 4.
(A-

Currently, universities are producing approximately 10 Ph.D.s per year with training
in MINT: but estimates from industry-experts are that 125 PhDs per year are needed

in this area. The cost of Otablishing and maintaining university research programs

to meet this need is estimated,. to be $20 million i(ri capital equipment and $25
! _ 4 t7'

million, per year in oper'etrng expenses. -uses.
-\ie?

Those conclusions emerged froth/ a MI'T orkshop; June 22-24; 1983 in
xx

Washington, D.C.. sponsored by therbffice. of Interdisciplinary _Research; Directorate-w

_

for )Engineering; Nationa- Science Foundation *ISF), Where 'itivid_ participants from--,

r
academic; government; a d industrial iristitutions met te. define- the research, needs in

MINT and to, formula specific prograM and funding recommendations for the NSF.

:0,- The workshohQsted(by Carnegie -Mello 'University and the University of celifornia,
San Diego, focused on what universities must do to address the various research,

needs in MINT and on how more stutientsi can be e;;4V.2,ti,g raduate
--

study in areas applicable to MkNT. Theftonsensus of the participants was that as a
nation, we must meet the Linfulfilled needs of MINT and that to do so, we must

deVeldp strong academic research programs in MINT; both in traditional university

gem gs and in University Centers of Excellence or Research Institutes.

A slammary of the specific recommendations made
giatticipants f011ows:

ihe NSF should supplement and encourage industrial support of two to
four Centers of Excellence in MINT at universities; This support should
include funds for equipment, support for faculty and graduate students,

to the NSF by the workshop
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and support fbe visiting faculty; Sponsors should encourage the centers
to have complementary activities rather than to compete.'

. .

The NSF trbLld establish a MINT reseerch prcigram for single
investigators. To do MS, they should stress the multidisciplinary.bnature
of WINT research, encourage new entrants into the field, and direc funds
`specifically to MINT.

The NSF should identify MINT as .a national priority._ and encourage
industrial lab-di-Stales to become more active in supporting, MINT research'
at universities. -or'.

The NSF should encourage. university/industrial interchanges. To' do this,
they should continue' and expand existing methods of encouraging
interchanges and initiate- industry/university fellowships' foi exchange of
technical staff; especially for small R&D-oriented firms.

The NSF should expand the pool of referees for-, MINT proposals.
.. .

-X -:

The NSF should hold a follow-up meeting in twos years to evaluate the
progress of MINT research. 4

_. i'
..- .

The tables at the end of this report provide' a more detailed overview of the
. _

national needs and opportunities in Magiletit Information Technology.

2. INTRODUCTION: WHY A MINT WORKSHOP?

Magnetic Information Technology (MINT), i.e., the use of magnetic- techniques and

materials to store information, is a critical growth industry for the United States. It

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

inforMation increasingly rapid rates in such Key areas of the 2iciatiditiY; as the

communications, researc-h; and defense sectors; Its growth has been and .

will cokinue to be spectacular. Annuals sales of magnetic memory _devices exceed

the saes of semiconductor memory devicS are growing at 35% per year;
- _-_

V%;1."' 4

In today's data. processing systems; -both ernicbndLtor; and 'magnetic memories

have important roles. SemicondLidtbr memories are typically used for information that

must be readily accessible, the '.so-"called sendom Access memory (RAM). Other
-

information, more vol- minous in nature; is. usually stored in mass storage. devices;
a

such as magnetic ditkt, VhCh are much less expensive per unit of information stored

than RAM. A typical large computer system has RAM sufficient to store at least

one to two .million characters of jnformatron. Itt mass altorage caPaciWis usually

thOusands of times greater.

Sr ;e.
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'Semiconductor RAM is volatile, i.e.. they: information store a there disappears when

the power is turned off, Magrietit .1 memories, however, are hon- volatile and are thus

useful for long-term storage of Aformation. One form, of magnetic storage, bubble
technology, has been a subject of considerable interest over the last several years.

The cost Of agnetic bubble memories is comparable to RAM, -but bubble memories

are slower. Magnetic bubble devices are presently used in special puipose

applications where nonivolatility or durability are important, If, as many feel, their

vapsts can be lowered relative to RAM, they will also have a lmarket. in lower

performance applications.. I
Most obsvvers of the omputer field agree that both magnetic 'and semiconductor

....

memo devices vein cdritinu'e to have 'large, rapidly expanding il markets; Yet;

progress in magnetic information technology has been' hampered by a lack of long-
_

term basic studies of the' recording process and recording devices. Both industry,
, 1 -e 4

with its short-term goals, and universities; with their failure to Wain Ph.D. S in'

recording research, have contributed to this problem. This Situation is in marked'"

contrast to semiconductor memory ,,technology,' where a dozen universpity research

centers, supported by' government agencies and industry at levels involving :numero6s

being built.
1

Why: hat :retearth in= MINT not k4pt up with the growth of the industry? There are

two closely related P eaSbitit: its low-technology image and the lack of awareness
;--

among the nation' rese'aroh community of : its. importance and its research

faculty and tens of millions of dollar''S, exist or ;are' now

opportunities;

Magnetitt, technologically speaking; is an old- field; therefore; many view it as a

"solved problem." That view is far Worn correct. There are important applications.

in robotics; communications,' and infOrmaticin processing which are awaiting the

avatlability of device% capable of stqring tens . Or billions of charaf-ers of

inform-at' bn in a few cubic feet of yOlume and of accessing blocks of that

iifcrratibr milliseconds; then transferring it at the rate of tens of rriillions of
(.

MN%

Characters per second.

Such d?vices; based on magnetic information techniques, are realizable in the near

future. _Ilut.building--irrd: d-ommercialezing them will require the solution of important

.reSearcti'ittlieS ranging from better fundamental understanding of magnetic recording
'to is,trprovement in "materials 'and mechanical systems;

4
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These research issues represent opportunities. not abitacles. Magnetic infortriatiOn

tech,' 'logy is hardly a "solved problem." But it has :..any avenues fOr progress
_

albrig which lie soluble problems. Unfortunately, knowledge of the "port)tnce of and

opportunities in MINT has reached only a small segment -of the academic research'.
rr.

community in the United States.
.1i -.-

.

Few chemistry', chernidaigineeting, mectiaokal engineering, and rriaterialS sciencA7

professors aru aware of the challenging research problems that MINT' offe'r's. avert

electrical engineering and physics departnihnts, w sere most of the. magnetic research

taket place in our -universities. are not fully aw re of the:industrial need for specific'
research in MINT. Until the importance and challenges of MINT research can be
effectively brought to the attention of the academic community, the gap between
industrial need and supporting university thseirch will continue to widen (Tabl 11.

Recently; the establishment of academic centers of excel_lence in magnetics

technology or magnetic recording at Carnegip-Mellon University (6,14l.J).-.;,the -University
y'

Of California. San Diego (UCSD). and the university 'of Minnesota has been a

° heartening development. But these centers are only i their infancy and they alone

are inadequate to address all the research issues .in 41. Thus .it is essential that

industry and government be encouraged to support researchers t these :'enters and

at other universities where smaller; but still significant, MINT programs are underway.

Likewitd, it. is essential to encourage other university researchers in many disciblines'

to---P-ursue the interesting Wand outstanding problems related to MINT.
.C"

'Recognizing the- Significan of these, issues. the Office of Interdisciplinary

Research. Dit,ectorate for -Engineering, the National Science Foundation NSF}

sponsored a MINT WbtkihdP' in Washington: D.E. on June 22-24; 1983; hosted by

CMU and UCSD. The invited oaitidioartts2 included awdethic; industrial; and
.

gOvernMent experts on MINT. Their charter was io define the-; research needs in

MINT, tdt exolore what universities might' do to iddress those needs. and to discuss

how that research might be organized and sponsored.

Ager/= Atracrwrwent

See- Attendees Lst. Attscrtrrurrit 2
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June 23.'Cont'd.

2:00 -7. 5:00 PM

Page 2

Discussion Groups

1) Faculty & F3cility Reouiremepts far
Magnetic Retarding Research (Rm. 419)

2) Faculty & Facility Requirements for
Other MINT Retearth (Rm, 119)

Government Compared to Industry
Sponsorship of University Research:
Goals; Rights; etc: (Rm. 619)

Potomac Room

6:30 - 7:30 PM Reception

730 - 8:30 PM Dinner

8A0 - 9:.30 PM l'State of Computer Science ResearCh 5 Development"
-u)e. Robert Kahn,
Director of Information
Processing Techniques Office
DARPA)

June 24

Wisconsin Room

8:00 ="- 10:30 AM 'Reports from Distussion Groups.

10:30 - 10:45 AM BreaK

10:45 - 12:00 PM -Final Discussion

(
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Attachment f

AGENDA FOR WORKSHOP ON MAGNETIC INFORMATIONJECHNOLOGY (MINT).

Carnegie-Melon Aiver-.ity
University of .CA-; ScO Diego
Sponsored by NSF

June 22

Rio=

6:00 - 7:00 PM Reception

7:00 - 8:00 PM Dinner

8:00 - 8:15 PM

8:15 - 8:30 PM

Welcome Address
(Dean Angel- G. Jordan,
7Carfiegie-Mellon University)

"Current Status of Industry/University Relations
in Magnetic Recording"
(Dean M.Lea Rudee.
University of L at San Diego)

.g. 8:30 = 9:30 PM " Opportunities i Research"
Jack Sanderson;
istant Directori_
ectorate_for Engineering_

tirional Science Foundatlop)

June 23

.8:00 - 8:15 AM

8:15 ; 9:45 AM

9:45 -= 10:00 AM

:a0--,12:30 PM

Wisconsin Room

Chargeto Workshop,- Attendees
(Dean Angel G. Jordan, Carnegie-Mellon University
Dean M. Lea Rudee, University of LA at San Diego)

"Current & Planned Capabilities at
Universities for MINT 'Osearch"
(Dean M. Lea Rudee. Un versity_of CA at San Diego
Dr. Jack Judy, University of Minnesota
Or Mark Kryder. Carnegie-Mellon University)

Break

Panel Discussion "What MINT Research is Needed '

in Universities " (J. Geusic. J. Lerike, J. Mal irson
P. Melz. J. Morrison, R. Potter, D. Thomoson; R. White)

Doti ton- Ram,

12:30 - 2:00 PM Luiith

10
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2.1. WORKSHOP ISSUES

The purpose of t workshop was to provide) guidance to th* NSF from Pt

multidisciplinary ultisectional group discussing the following questions:

1. What. are INT .research needs in such areas as electronics. rt. sterials.
surface s magnetic phenomena and devices, aerodynamic aspects
magnetic _sys ems, signal processing,. and tribology -as it. bears
magnetics?

2. HoW should- MINT research be addressed and conducted in the university
environmen

3: What are the vehicles in the university environment needed to facilitate
addressing MINT research tssues?

.1._ Wh--tfCrdisciplinary ettings (such as centers or institutes) would be
appropriate?

'5. What are the instrumentation r uirements?

6. What are the current capabilities in the university research community?

3: MINT RESEARCH: fWHAT WE HAVE!, WHAT WE NEED

To provide guidance to the NSF regarding MINT research. the participants in the

workshop assessed the current state of the field its research topics, personnel,
and equipment. Their general conclusion was that current MINT research in 'the

Unitect States is not _Adequate to support the present level of activity in the field. let

alone tne projected 35 ?,. annual growth rate. That conclusion was not surprising.

ore importantly, thr workshop produced detailed information about the present and
rojected MINT research activities in contrast to the present and projected needs of

the industry. To put that information ;n perspective, we provide the following

background. 1

,
3:1, 'BACKGROUND

The histoty of magnetic recording is one of steady progress toward higher oensitv_
storacte of information, and increased data transfer rates_ The current sta of

research indicates that this progress can continue for the next decadf-and b yond.
Fundamental limits for recording densities are stilt orders of magnitude awe

Each increase in recording 'density and information transfer rate requires advances

in many areas, including coatings, magnetic media, recording heads, signal-processing
electronics. disk actuators, and disk controolers. A breakthrough in one area alone
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does not lead to increates in information density. ,Raths'r. that breakthrough acts aS

a stimulus to research Iry the others, ultinieteiv leading CO improved recotaing

systems.

Eingineers and scientists who are involved in studying, detigning, and building those

reccirding systems must make choices among advances in old technologies and

1-apptication of nev$ ones. PartciLCUItte iron oxide _recording media and bulk ferrite.

rkording heads dominated the firtwenty years of magnetic recording; Now there

1.3 Competition. among--particulate, metallic thin fifth. and sputtered oxide recording

media. Likewise. MnZn-ferrite heads; thin film inductive heaas, and -Magneto-resistive

heads are shrious challengers to bulk ferrite heads.---More dramatic changes in recording systems are likely as perpendicular recording,

with its promise of greatly increased densities; c alleges longitudinal recording, the

current stancard technique. Perpendicular redo- ding systems would erriploy new
N

media; new heads. and new signal processing deVitet in a system which is already

one of the most refined rnechzynical and electronic marvels ever developed.

Other recording technologies. such as optical recording; are also making inroads

into ;the marketplace, These technologies.. Which used fOCUSed laser beams to acces-s

bits. ca cVaday be made with much more narrower track widthS than conventional

magnetic recording and information densities on the- order of 10 a :Pitt per square

centimeter. rougnly ten times higher than conventional- magnetic recording: Using

magneto-optic media. this optical recording teChnOlagy could be made eras.Lie. thus

providing ail the features of present-day magnetic recording at the density of optical

recording.

It is the feasibility of devices like theta that is driving the demand for higner

dentity, higher speed a magnetic recording deVicet. Information processing;

communications. and defense industries are prepared tb build systems incorporating

these devices as soon as they are available:

Magnetic dUbbleS also have an important niche in the magnetic information market.

Because they are solid State devices; they are much more resistant to harsh

environments (vibraiion. dirt. radiation) than other magnetic recording systems.

FUrthermare, they offer the ;potential of combining large amounts of non-voiatile

storage with on-chip logic;

12
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On today's market 256 Kbit; 1 Mbit; and 4 Mbit_AKi10;4; .Ms1;048.576) memory
modules are available with 16 Mbit devices expected by 1985: Their Cot is

economical in . small numbers (S100-5200 for a 1 Mbit card). Because of their

durability and non-volatility; they are valuable for military and robotic applications.
They are comparable in cost to semiconductor RAM; but slower. .If the cost can be

reduced relative to RAM, they will also find a market in lower performance

applications.

3.2. WHERE ARE WE NOW?

Academic. MINT research in the United States is currently a very small activity. Of

the six or so universities involv:ed in MINT, most haVe only a single faculty member
in magnetics. In contrast, t'he Japanese have more than a dozen major university
programs in magnetics technology, and these are effectively coupled with substantial
industrial research efforts; involving an average of 35 people per industrial laboratory
working in recording and a slightly smaller number in bubbles. Japanese industrial

researcners are actively involved in commercializing,' innovative ideas in magnet;cs;

technology which originated in university laboratories.

There are those who look at this comparison and speak- f' the need to respond to
the "Japanese Threat."- The workshop participant.s; for, the most part, took a more
positive view. They looked at the market in information technology and spoke of
tpe need to respond to that Opportunity.

The most notable re.,nonse to date has been the formation of the three academic
nters of excellence, all currently seeking funtlirig from industry. the status and

projected growth of each of these. as presented by their leacters ttie workshop,

follows.

3.2.1. CARNEGIE-MELLON. UNIVERSITY -/
According to Mark H. Kryder, Professor of Electrical Engineering; CMU has a

broadly -based magnetics research initiative, including faculty in electrical engineering;
mechanical engineering, physics, chemistry, chemical engineering, materialS Science.
computer science and mathematics. This activity has gradually grown over several

decades but has only within the past year been centralized in the Magnetics

Technology Center.

At present the Center has an established base of eight faculty actively involved in

13
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magnetics and eignt from other disciplines whose work applies to magnetic recording:
wenty-five graduate students. six visiting scientists. and two :echnical . staff people

complete the present activity. Tdtal re.earcr, exprncitt..Jre during '982-03 was abbUt.

one d011erS, Kryder ecpectS rapid growth to a S3.5 milliOn Pudget for 1983-84,

S2-25 million of which -it already committed:, akid tc 54 million annually thdreaf!eF.

the new research will emphasize magnetic :'ecordirg a,though existing activity in

magnetic bUbdles and otner areas will continue at east at current levels.
.or

In '983. CMU spent 53 ,n creating 7CCC so'. ft. of new ItabratOry and off:.ce

SOace and 4000 sc: ft; of class 100 Venn space 'or the Center. ,n addition,

extensive labbratOry facJities and already exist at CML and are being used

for research n :me magnetics area.

Center plans. 7983-54; to add two 'new v including at 'east one from

the magnetic. recording area, and will also t--tvolv six mcre..CMU faculty currently

'Work:^g :n other disciplines. Graduate student enr iirrent will Increase to 37 in '983-

34 and ti0 n t9E4 85. The number qf vis.:;ng Sciertists ncrease to '5 '984,

85. as each Associate *Member company will be entired to have a scientist

residence at ;he Darter.

Research areas at the Center nclude magnetic recording, magnetic Our:it:Hes., hard

magnetic materials. magnetic ornting, losses n soft magnetic materialS. and

microwave lechnolog\-r. ASsc.;,:;ate Memoers of :te Center nave. n addition to tne

right to nave a visiting scientist, "ac.litated access to 'acuity and graduate students,

preprints of research re5orts. royalty free license to 5atents, friia use of software,

rignt to attend an annual review, and merhoershio on an adviSorY committee that

mee.ts semi-annually.

3.2.2. UNNERSIT,' OF CALIFORNIA. SAN DIEGO

According to M. Lea ROdee. Dean of UC.31'..'s Division of Enginering, the recently

est aolisned Center for Magnetic Recording:
tri

multid; replenary approacn to magnetic recording Searc . in contrast- to an empFiasis

se: addressing all the key techno 3gies rnvOlved in magnetic

eSearch will encompass a

on magnetics per

recording.

,...JC30 has committed land. St.000.300. and four new facul.,/ positions to the Center.

58.000.000 hal -already been committed by Industry towards a goal- of 511.000.000

54.000.000 of these funds will be used to cd'nstruct .a building for the Center which



10

.

will house a large portion of its activities. ,The University has also-t provided an

, Additional S 1.000.000 to the project for expanded teaching labbratbry and general

purpose bfrite space.

The faculty at UCSD contains Many members WhOSe research specializations

either in magnetics or in other disciplines n?cessary to techncilOgical progress irr

magnetic recording, thUS contributing to the multi-disciplinary approach being taken.

These specializations range from M.O. theoretical physics of strongly interacting

magnetic particles to polymer processing. The Center is already supporting research
=

of. faculty in physics; chemiVry, mechanical and :electrital engineering.

All companies Whith cohtribute 5300;000 or more in three years will be represented

on the advisory committee for the Center, while those that contribute" $1,000,000 or

more over three years will be able to deSignate a staff member in residence. All

research results at UCSD will tte placed in the-;ubliC dtaMain through publication oin

the open literature.

In addition to financial support, two Companies have made senior st(f available to

the Center, one full-time and one part-time, to assist in its establishment.'

The Centert main research and educational activities will be in San Diegb, where it

has brought on board its first visiting professor; but it will also be able to draw on

the complete resources of the University of California system as needed. For

example; the Center is already supporting the research and course development in the

mechanical engineering of disk drils at UC Berkeley.

3.3.3. UNIVERSITY OF MINNESOTA

Dr; Jack Judy; Professor of Electrical Engineering, described his proposal for a

Magnetic Recording" Center at the UniVersity of Minnesota. Judy is optimistic about

establishing a center since the university is attuned to the center concept, and it is

already supporting centers in microelectronics, surface science. electron microscopy,

corrosion, and other fields.

Minnesota has a 30 year history of re earCh in mag,r114cS, praducing; an average of

one Ph.D. graduate per year. It was theta/ irst university in -!he United\ States to work

on perpendicular magnetic recording films: The University offers courses in

magnetics; including one in magnetic recording:
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Judy pointed out that magnetic recording researth at °Minn sots will continue evin
without additional Sup,...)rt. However. establishing a Center of Excellence 'Would

__enable the University to expind its current level of activity; The goals of the Center
would` be research. graduate education; and technot-by transfer: y's7 proposal

/
requess---S1.5 million in annual funding through 198r At that IeVel. Center would

donduct research inA magnetic media, heeds; magnetic recordii7 and reading

techniques; and the electronic and mecnanidale aspects of magnetic information

techno;ogy, .The current core of six faculty would g4oW to twelve in about a year
and tc fifteen one year later. Student enrollment would grow from the current 5 to
10 in 7983-84. to 20 in 1994-85; and_to 30 by the 198587 academic, year.

-Minnesota is currently equipment-limited, so one million of the first year's 51.o
million would go into Capital equipment. That amount would. decrease to 5500.000 in -
the second year and 5250.000 in the third. The rest of the money will go toward
support of students ar;c1 facuit

-1
The University would own patent rignts to' any invention- discovered at the Centett

but would grant non-eixcIusive rights to spor ors:

31.4. OTHER UNIVERSITIES

Fritz Friedlaender; Professor of Electrical Engineering at Purdue 'University; spoke

about magnetics programs at -other universities in the United States, At Purdue;

Friedlaender's magnetics group has loined fortes with the Materials Engineering

magnetics group and the Mechanical Engineering School to promote an

interdisciplirfary institute in griagnetic recording. They have had substantive

dittUttiOnt With potential industrial sponsors and are Cur\(ently in trio process of

preparing a proposal for :he institute.

Purdue's strong engineering research programs and excellent access to equipment
haVe enabled Friedleender's research in high gradient magnetic separation to overcome
its undeserved -low technblogy" image. But individual investigators in magnetics ;at

other universities are not so fortunate: They must- contend with the "solved

problem" image noted above as well as with limited visibility.. For those professors,
attracting graduate students is difficult because magnetics research is not well-known
outside of a few schools.

Yet those professors corrnue to do useful original work, demonstrating the value
of the individual -investigator in MINT research Frtedlaender emphasized that funding

16
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for their research must not get lost lithe rush to develop Centers of Excellence and
Institutes in SAINT:

-41( 11\ (

3:3. 1/4/4AT MINT RESEARCH DO WE NEED IN UNIVERSITIES?

One objective of the worAshop was to review the current research needs in MINT.
In response to this objective; eight industri& panelists presented research interests in
MINT. Each panelist discussed the need for university research in 'a specific area:
The major points of those-presentations follow.

3.3.1. MAGNETO-OPTIC RECORDING

Dr. Robert White of the Xerox Palo Alto Research Center discussed magneto-optic
writing and reading techniques, then highlighted the R&D opportunities in the field.

Magneto-optic writing; which has the advantage of erasabillty:

temperature deardente of the coereivity of a magnetic material:
beam. heats a small iregron Olt the material, lowering its

depends on the
A focused laser

coercivity in, tne heated

region. The magnetization in the heated regiO'n aligns itself
magnetic field while the unheated portions of the material are

density of information stored by this technique is limited mainly
the laser light; thus; very high information density is possible.

Magneto-optic reading depends on the fac: that a magnetic fiel
of polarization of light. A laser beam (of much lower intensit
write magneto-oetically) is focused on the medium bearing the
plane of polarization of the reflected light rotates in a sense

With the ambient

Unaffected. The

by wavelength of

i rotales the plane
han is needed to
information. The

determined by the
directibn of the magnetization; A polarizer used as an analyzer can. transform the

trotation of th plane of polarization into an intensity change; The
,,_

_intensity

fluctuations can, be easily interpreted as information.

The major issues in magneto-optic information technolo are cost of the heads
and signal -to -noise ratio; he R&D opportunities ar in media and magneto-optic

headt. In media, White Sttited that we need to develop a fundamental understanding
of magnetd-optic effects and their limits, magnetic anisotropy, and magnetic domains
and domain walls. There are &so qustions of media stability. since the amorphous
state is not the ground state. Noise: especially the nature of defects in the media,
is also an important research topic: In magneto-optic heads White cited two areas

for research: (1) the integration of the laser and optics into\ t) system and (2)

17
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accessing mpbes.

3.3.p. MAGNETIC BUBBLES

Ott JCSeort Geusic of Bell Laboratories discussed R&D needs in i-nagne0d bubbies.

He 5 essed that magnetic recording 'is sttategically important to the United States.

espeqially in the face of Japanese competition. For example.. japan leads in 'audio',

and video magnetic recording, Although thla United States leadS in digital magnetic_

recording. the Japanese are gaining in this area They are; also gaining in moving
meciia, buytheir gains in fixed media Such as bubbles are dramatic' since the United

States effort Ihere is declining.

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

critical in machine control, robotiCt, and defense and spade. applications. He
.

indicated that given that magnetic bubble technology is an advanced nigh performance

form of- -mass storage technology; the digital magnetic recording industry should

"embrac fixed media." so that we do not once again make the mistake of pursuing

only the short term technologieS. He suggested that the prnted States is losing'

ground in this area because we lack the baSiC philoS'ophy to support long-term

research;

Stressing the synergism that exists between fixed 'and moving media magnetic
recording research; Geusic identified the f011Owihg areas for improvement in magnetic

bubble techno y: device density, peVormance (temperature range; speed; power); _

Mantifacturin cost (proceiss techniques. testing time), and . the fundamental

understand, g of materials and circuit's; _

In suppor of these areas. he identified the following research topics to consider:

nucleation, strip cutting; coercivity mechanisms and the limits of coeteivity;'

dorrrairr wail dynamic limitations, understanding and predicting perfOrMande of

propagation structures. circuit modelling techniques; effects of the substrate-to-film

transition layer; material defect chemistry. Understanding of materials growth; new

Materiel S_ysterns, and strategies for accelerated testing.

In order for the universities to meet thOSe needs. Geusic state they must adopt a

i.esearch-:_:-Troie that emphasizes fundamental understanding and kno ledge; They must

educate broadly trained new engineers and scientists, and they ,must be selective

when asked to assist industry to solve short-range problems.

t.
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3.3.3.. MAGNETIC BUBBLES AND MAGNETO- OPTICAL RECORDING: WORKSHOP RESPONSE

IrK/a later session of the Workshop, one group of participants had the responsibility'
to discuss research. in magnetic bubbles and magneto-optical storage in the context
of the workshop's charter; Building on ttte contributions of White and Geusic. they
concluded that support for research these areas should continue. The importance

of doing so is summarized in Table 2.

-. 3.3.4. PARTICULATE MATERIAL RECORDING

Dr. James U. Lemke of Eastman *chnology 'described
the advantages of and

problems in particulate media records g. This technology (utilizing oxides) is currently
dominant in all fields of magnetic recording. Such media are relatively low in cost.
resistant to wear and corrosion; and have large potentials for growth in information
packing density.

Particulate media are low in background noise and signal-induced noise because
there are no Bloch or Neel walls; no exchange coupling between particles, and no
sawtooth;transitions between domains; The magnetic properties of the particles are
easily varied: over a wide range. The binder system is desirable since it allows a
smooth cast or calendered surface and easily accommodates additives for : lubrication
and durability. The areal information density, limited only by superparamagnetism,
could conEeivably reach ten billion bits per square centimeter. :Particulate media
recording has the highest lineal density ever reported: ten thousand flux changes per
millimeter: For perpendicular or isotropic recording; thick coatings may be used that
mask the effects of: substrate- defects.

Lemke: suggested research on new particles including barr ferrite, surf.' ce-

modified oxides; and alloys with multiaxial anisotropy. Research on obta ning

perpendicular anisotropy with acicular particles . would be an area suitable for

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

satisfactory theoretical model of media noise exists with theory predicting 10dB

mor.-: noise than Is found experimentally. He also noted that erasure and time-
r

dependent remanence_ are not understood With particulate systems. Investigation of

1Fe-203 or Co-doped 7Fe0j with)spin wayie techniques .could tell a of about the
surface properties of the particles that are critical to their switching performance in
a recording media: He also suglested_ t_lriore work should be done on particle

f./interactions, calling it the _central- pro Iem th recording: It domi the recyding
. .

process, bu; the general many-boqk roblem for 'strong nonlinear i eractions withi -
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13.5. FILM MEDIA

Dr% Peter MelZ of IBM. San '4:Jose, stegart- his presentation with a- comparison

between universities and industry. The mission of a university is to produce.

knOwledge and train students. University researchers may collabcfrate, but such

° collaboration is usually with another researcher in the same field. In industry. on the
_t _

other hand; the goal is to pro-duce a salable product. Pursuing that goal usuayy
.

requires an interdisciplinary team effort.

Based on that comparison, Melz concluded that Universitiesishould not cornbets
with industry in designing hardwgre. but rather, they shoUld cooperate VVith industry

by Supplying trained students and by providing a knowledge base in areas ' ecircal for

techncilbgical advances. Citi tat,istics from the 1983 Intermag Confererice in

Philadel la. Melz pointed out at univerSil industry cooperationi of that sort is rot

comma in U.S. magnetics research. Of 55 papers On magneticl and magneto-optic

reCOrdin , only two were atfritten- by U.S. universities and zVlio more Were jointly

written y U.S. universities and industry. Two papers were by foreign UniVer'SitieS,=

and t ree papers were productS of collaboration - between industry_ and foreign
t1/4

univers ies.

With that situatio a$ background. Melz .laid out the important areas in thin film

media in wnich research is needed. He sited magnetic properties, defect

reduction; head-Miclia . interfaces, characterization techniques; and fabrication:

techniques. He suggested tni er5ity involvement in the following research areas.

coercivity mechanismS and the variation of c;oercivity as a furiCtiOn of filM thickrieti
_

or deposition method: structure of domains in thin film ,media; magnetic tWitching'

:mechanisms for thin film media; techniques for studying dynamic magnetic properties;

and fabrication .techniques producing desired magnetic anisotropy.

13;5; HEADS; ACTUATORS, AND SPINDLES-
Dr. David Thompson _of IBM. Yorktown Heights, discussed r adingirecording heads

and related topics. king at recent trends in the industry, noted that it is- pow

relatiely easy to enter the magnetic refording field: In fact. there haVe b

approximately 90 ,-company startups in the past thre4-years.- This eape of entry

inricilies that there is lot Mop wol that is appropriate to bedone at unive,sities.; OP

T4bMpson identified a large' humber of areas for head-related research. In thes
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baSiC_ research areas; he discussed the need for modelling, including modetS of

fringing, three- dimensional 'models; and nonlinear models. Domain effects is another
fertile area for research, including Barkhausen noise and studies of domain patterns
using scanning electron microscopy, the Bitter effect, and microprobes: Improved

measurement is also important; tecttni ues to measure bandwidth, flying heigftt, dead

(11 layers, and the 'efficiive head-ditk gap are needed.

. -

ThOmpson also suggestecP-retearch` into to physics of dead layers and exchangt

coupling and mat la's research. Materials with higher magnetizations and

interest. Magrtetoresistive effects, properties of laminatedpermeabilities are of great
filitS, wear, and corrosion are also, important areas fOF materials research.

Research ;into head devices is all: needed. Thompson discussed both parametric

heads (rnagnetoresistance; fluxgate; and Hall effect) and compound heads. 'Resrch
issues related to compound heads include write wide/read narrow heads, tunnel,

erasing, ring and probe heads; piggyback servos; and side shielding.

Research into heads must also include the head/disk interface: There;: a large

number gf research problems emerge, including analysis and instrum4ntation to study

air beitings; surface analysis; tribolOgy and lubrication -(Wet or dry), hepd and media

Weat,itit floW, and start /stop problems. Those problqins cover a 1.A.*Ide range of

discOlines, ihtlUdirig mateleials science; chemistry; surfa'oe science, rbetallurgy, and

mechanical engineering.

Finally, Thompson listed a number of research areas in track fogowiritg: position

signals (optical, magnetic; capacitive; sampled vs. continuous); imPrOved spindles (ball

bearing, air beaeihq, magnetic bearing); head suspensions; actuators (compound,

inchworm).

3.3.7. VERTICAL MAGNETIC RECORDING

Dr. Robert Potter, one of the founders of the LANX Corporation; discussed research

issues in perpendicular (or vertical) magnetic recording: LANX was formed in 1981 to

/manufacture rigid disks for Winchester criVet. Using vacuum deposited materials on
aluminum substrates; LANX has achieved perpendicular recording using existing

Winchester ferrite heads:

One advantage of perpendicular recording the use of "a_ thicker film (10..000

Angstroms_vs: less than 500,Angstroms fbr the next generationcf longitudinal disks).
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This -thickness leaOs to ease in manufacturing. greater resistance to corrosion,

insensitivity to defects; and greater Curability.

A second advantage is -the narrow nsition length. The !OWer liMit io tranSilon
length in longitudinal recording is self-demagnetization idomains become too -mall.
Perpendicular recording transition lengths are -limited by the size of the columAar

structures in the medium. The_ narrower transition length permits higher density
storage of information; and thesinfor o-

bc:
ation :5 more amenaoie t iinear filteting. on

reading.

Potter tuVgested several research probjprns in vertical recoebihig. e- s-t1;-'inclUded

head field calculttions; developmeht of self-consistent models of the ,recordiritg

ototess, vector hysteresis models. noise CLe non-continuum models);_characterLzat-i-bn

of media by means other thari recording experiments le.g;.; vibrating sarnole

magnetometer loops),odynamic effects, gihd mechanical properties.

3.3.3. SYSTEMS

Or. John Mallinson of Ampex; speaking of recording systems, expressed concern

that most ideas in magnetic re ording come from abroad. NO advanced reCociifg

media has originated here-. He then listed several areas .in which new ideas arel
needed for both analog and digital recording.

In theoretical areas; he citecl the need for three-dimensional head field calculatiCrit

for saturable (non-linear M-H) materials; for three-dimensional, or. ever, two-

dimensional,- models of magnetic hysteresis, and for the characterization of channel
non-linearities and the inversion problem,

Experimental research is needed in magnetic particle synthesis (small, metallic, atz.).

Individual particle switching, magnetic structure of thin kiertical/horizontal) metallic

recording media; head flying measurement and control. and integrated preamplifiers

for low impedance heads;

3.3:9: MINT RESEARC jki AND INTERNATIONAL MARKEtS

John Morrison 01 Magnetic Peripherals; Inc. presented an overview of the MINT

industry in the United States and contrasted it with the Japanese industry: In Japan.

companies shpire fundamental technology, but they compete in reducing that

technology to practice. The Japanese government plays an active role to' foster

interchange of information among companies and the dozen or more major univerinty

22
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efforts in MINT. This approach, he believes, has been effective in g nes ating a high

level of p oductive research in MINT and has led to successful Japane netration

of tne inte national market for magnetic information storage.

In this country, our biggest problem is industrial access., to our 'technological

capacity; since. our companies compete at all levels including basic research. In

Morrison's view; this is a major reason why our level of effort in MINT re-Search has
been . So 'much smaller than Japan's; Therefore; he concluded that., we need
government involvement with industry and universities in order for this country to

. compete successfully in MINT.

L

4. SOME SPECIFICS: RESEARCH PROBLEM8-1-F4CILITIES, AND PERSONNEL

Lynn- Preston, Actirlg Head of the NSF Office' of interdisciplinary Research, cnarged
the participants to develop some specific information and recommendations for NS:::
Preston asked the participants to consider the follbwing questions.

1. What research problems in MINT are appropriate for universit:es to
address?

2. What disciplines are involved in MINT research?

3. What! instrumentation is required to perform that research?

4. HOw many students and faculty are needed: how many do we have. and
.

what backgrounds ado students need to pursue graduate study in MINT?

5. What k iowledge and professional orientation should graduates have?

The following sections summarize the participants' responses to these questions.

4.1. UNIVERSITY RESEARCH OPPORTUNITIES IN MINT

MINT, according to ne_.}Workshop participants, is multidisciplinary, containing a

wealth of interesting problems in many academic fields: To continue to advance-

magnetic information technology. electrical engineers, mechanical engineers; cnemica
engineers, computer engineers, materials scientists, chemists. physicists, and applied
mathematicians must all contribute to the research. For example, we need electrical

engineers and physicists to study magnetic properties - of materials, mechanical

engineers to investigate the aerodynamics of heads flying tenths of microns above

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

heads and media. A summary of some of these multidit.ciplinary .problein., is
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presented in Tables 3 and 4.

INSTRUMENTATION

The participants addressed tre di ett:Ori of instrcrnentation from two perspectives.

general met TI-ey felt4that the general

needed for a well equipped magnetics researcn facility. The 'topical !itt. Tapte 5;

represents equipment heeds as defined resaarce area The tables Include

approximate costs; as estimated by the parti ip2r1t3. as ed on :hese tables. it takes

S1.5 to S2 million to equip a Center o cxcei erce with one or :vvo areas of .Jnicue

expert se. This it tonSistent

equipment outline in Table 5 was

reports ac Put their -enters.

with ffcrycer's; Rudee's. and Judy s estimates in their

Several university research facilities already have sortie of this equitorhent on h.and:

however. even :he best facilities co, not have all the equipment they need. and all of

them need to ...cgrade existing equipment to do state-of-the-art research. No taCility

in the U.S. possesses he more. soonisticsted _equipment. su.chi as electron beam

h,oiograpny or IViec:mar begin, epdaxv .!qutcment deP.-cated to matnet:PS work: hes_

..apanese invent! the eieCtion beam nonDgraahy, :eonniqle. and non% o, :he mo;eti..,ar

team eoltaxy'systerns in the -.11- applied to magnet:cs p,robiems.

4.-3. PERSONNEL ISSUES: SKILS AND NUMBERS

WithcCit question. the ;ack of apProcriately trained personnel is the greatest :hreat

to the success of MINT-reiated indUttres in :ne united Stales. Many. including eeent

9.5. graduates and practicingdrprofesSibrialt. Ste sirepiy an iware of opprortunities

availacie in MINT and Co not realize that MINT indUtirieS redtme personnel from a

variety of fieldS. Consequently; tne nUmber of People actuatty entering the field has

fallen dramatically short of the needs;

At present. the .demand for graduates is nearly an ofdte of magnitude greater than

:he supply. Even with the MJNT centers most Dptimostic estimates. they Will Pe atie
o

to meet only 40% of industry 's deniers:Is by 1986. Tape . summarizes he

11
participants estimates of the currnnt personnel ituation: C:earty: a national initiative

is needed to close the giticL
11

That national initiative will require 1-(gnifieant tviadin

Of equipping a MINT Center wits 50 students. S '0 11,9ft n capital equipniunt

be required to support theilducation of th.n steady- e pObuiarion of '300 graduate

**)

Rased on a Million cost

.

2 ,i



20

studerts needed by industry. L:kewise. estimating S50,:00 per year per student to
cover Stipends. tuition, equipment. computer time, and faculty sucervision costs, the
annual operating cost of needed MINT research in this country corres to S25 million.

Beyond the numbers, the partic,pants also considered the IsSue of appropriate

training. Because MINT requires researchers from so many areas, the participants

called f cr increasing graduate student research in MINT within traditiontil departmental
'programs: It was stressed; however; that there is a real need for all of these

graduates to have a good basic understanding of non-linear magnetics. Professors in

such programs snould be encouraged to -pursue research in the context of MINT:

The part icipants also noted that as MINT Centers grow; an entirely new breed of
graduate vvi II emerge; characterized by molt !disciplinary or interdisciplinary sk:Ils as

well as special zed knowledge. Such graduates will be especially valued by industry:

5. STRATEGY AND RECOMMENDATIONS

Preston of the NSF also charged the ;h,artic.cants to consider the appropriate goals

pf universities relative to tne national and industrial needs in MINT research. In

particular, she asked them to consider how these needs should be addressed in the
university environment. Should they be aociressed in departments or centers' Should

we est ablisn complementary centers? How should intellectual property rights be

handled? Their esponse was a suggested strategy and set of recommendations,

described below and summarized in Table 8.

5.1. CENTERS AND SINGLE INVESTIGATORS

The strategy is to begin with a few- (two to four, Centers of 'Excellence: With

present industrial needs, these Cent ill soon prove their utility. It is, of course.

highly' desirable for these cent t W cooperate and to develop complementary

strengths. Such cooperation can be garaged through the influences of sponsors.

including the NSF.

-At the carne time; the NSF should establish a well publicized and supported

program for single investigators. To enhance individual research programs and to
redirect some faculty toward MINT research: that program should include the support
of yrSiting faculty at the MINT Centers.
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5.2. UNIVERSITWINOUSTRY RELATIONSHIPS

;:ikewise interactions between industry Ind un:verf;'y MINT retaardhert must be

strengthened In MINT; traditional interchanges; such as faculty sabbaticals in

industry and visiting -industrial scientists in Jrivittsities are currently not as etf active

as they should be. Part of the problem,. is that much of the innovation in MINT is
taking place, at newly started companies; and such companies cannot afford exchange

programs. The NSF can contribute Mere by maintaining and expanding its present

programs to encourage industry/university interactions. Of particular value would be

a ilowsrli0 pp§ram to foster interchange of professional staff between urliVers-tiet
and Small R&D-oriented firms.

-....

'1:2.

nteraction between universities and industry in MINT can also be broadened by the)
'PI 'cation of state-of -rfle-art review papers, the establishment of a MINT newsletter,

arc., the ceveiopment of MINT sessions at large national meetings. The echanistms

f:r :hese activities must grow largely out of :he MINT research community itself.

I
5.3. REFEREES

. ,

The NSFS pool of referees for proposals in MINT must be expanded as MINT
research is encouraged. Some of the referees could Come from the existing pool of

evaluators if they are alerted to the importance of MINT through appropriate program
o ri a rn ents; New referees; recruited for their expertise in MINT, will of course.

nave to be made familiar with the policies and philosophies of the NSF system of
. _

.;eer review. 3ecause of the empirical nature of much of the research. referees from

industry as well as'- academe should be included. The most difficult problem facing
.

the NSF in this area will be to find appropriate mechaniSms for review of

interdisciplinary proposals;

5.4. FOLLOW-UP WORKSHOP

The workshop participants recommended that a folloW-uP, WOrkShOp be held within

two years. The purpose of that workshop would be to reassess MINT research and

to make Mid-course corrections in the new MINT initiatives that come out of this

workshop. A

26
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o

5.5. INTELLECTUAL PROPERTY RIGHTS

The participants recommenU_d that in the future; as now, intellectual property rights

shegiid be negotiated individually in each case. No blanket policy could possibly be

satisfactory to all parties concerned;
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TASC 1

THE NEED 10 ENCOtili1GE. MINT RESEARCH

Ntagnetic Inforrnatic.)n Technology is a Critiral Industry

Need to store and retrieve more information at increasingly rapid
rate in key e nomic sectors such as

ancial
Communications
Research
Defense

Magnetic Memory is a Growth Industry

Bigger an semiconductor memories

Growing at 35% Annual-Rate

Current Research is insufficient

Progress hampered by lack of long-term. asic studies of the
recording rocess and recording devices

-Insufficient Number of Trained Ph.D.s

tow-tech; "solved problem': image is an obstacle
111P

Research community is largely uinaware of 1ihe importance of MINT

Researchers don't recognize relevance of their disciplines to MINT



TABLE "2

THE IMPORTA.4GE" OF RESEARCH
IN MAGNETIC BUBBLES AND MAGNETO- OPTICS

Magmet, it bubble: techrfology 'pday fills a market niche where nonvolatility
and ruggedness are important; e.g.. Doe. robotics.

Continued research will maintain confidence in and open new applications
for bubble technology.

Garnets are particularly convenient for studying fundarnental magnetic
phenomena. Thus th re is synergism between research in bubbles and
recording.

Magneto-optical orage is_approaching commercialization:

Magneto-optic effects have broad device potential:

29



r
25

TABLE 3

a

UNIVERSITY RESEARCH gRORTUNMEeN MAGNETIC RECORDING

ELECTRICikt AND CO ur-at ENGINEERING/PHYSICS/APPLIED MATHEMATICS

Models and measurements tp understand magnetization mechanisms in

o heads and media

Information theory: encoditlt error porrection, signal/noise ratio

Signal Processing: equalization. deco

Control Theory: ultra-precise positioning

MECHANICAL ENGINEERINWAPPL1ED MECHANICS

Dynamics and stability of moving structures

iribology: head/media int ta including fluid dynacn cs; air bearings

4tr
MATERIALS SCIENCE/CHEMISTRY

Improved materials
corrosion-resistance

for heads.

30

rnedi., lubrication; wear-resistance;
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TABLE 4

V
A

40

UNIVERSITY RESiARCH OPPORTUNITIES- IN MAGNETO-OPTICS AND
a: MAGNETIC BUPBLES ti

t i ,i
ELECTRICAL AND COMPUTER ENGINEERING/PHYSICS/AF'PL!S.D MATHEMATICS

a

Eiploitation of new ultraviolw source and picosecond to
eii<plore high frequency; short-ti riie phenomena

Domain nucleation and dynamics

Properties of Bloch lines
ti J

Development of blather magnetic transducers -(Magnetoresistance, Hall )`

effect)

Identification of major microscopic factors in magneto-optic phenomena

Modelling and application of magnetic b tible vices

PHYSICS /CHEMISTRY /MATERIALS SCIENCE

Assessment of of amorphous rare e n-transition meta) films
for bubbles

Establishment of better understanding of anisotropy in, amorphous films *-

for magneto-optic evices
- -r

F

31
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TABLE 5

GENERAL EQUIPMENT FOR UNIVERSITY MAGNETICS SEARCH

Approximate Cost (K=S10

Vibrating Sample Magnetometer (VSM)
with programmable field

Dedicated Scanning Elect-r-Qn Microscope (SEM)
with-energy dispersivg x-ray-system

Test Beds
Instrtmentation
Mechanical
*Plus technician with industrinowledge*

B-H Meters
Torque Magnetometers

Lase Magnetometers

Fe4romagnetic ResorYnce

110K

150K

50K
50K

50K
10K

100K

150K

-General' Instrumentation
*Alsooneed head fabrication capability*

250K

(Evaporators; ion milling; .sputter etching, photolithographic
equipment)

The Center also needs access tc a well equipped analytical laboratory
with TEM; SEM, Augler spectroscopy, X-ray diffraction. etc.*



,TOPICAL EQUIPIV1EliT FOR UNIVERSITY MAGNETICS HESEARCH

ost iKz$1000/
TOPIC - ', \

Equipment Appla cmat

PARTICULATE tegDIA
Fluidized ,Reactor/
Electron B Curing
Mis ellan o s

Subtoptc: Met Particles
Chro ato raphs '' ) - No estimate
Safet blem: Nickel Carbonye;*

; .4

125K
150K
125K

CONTINUOUS FILMS
Sputtering (incl. gas analyz70)
Ion beam deposition

25
250K

Evaporators 150K

TRIBOLOGY
Surface Analysis
Test Systems

Materials Research Lab
10K

mogELLINd
Dedicated Computer (e.g..VAX) 150K

ELECTRON BEAM HOLOGRAPHY
Fitus Dedicated Faculty Member

MOLECULAR BEAM EPITAXY
*Dedicated to Magnetics*

POLYMERS
Rneometers

4

250K

350K

Noestimate
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TABLE 7

PERSONNEL SUPPLY AND DEMAND IN MINT

Graduate Students Produced Annually by Magnetics Programs

5
15

1)4 a Ph1). s
M.S:s
Total

Total MINT Center Projections by 1986 (Assuming. support is
'forthcoming for 4 centers and a number of smaller efforts)

Students ---- 200
Facu 50
Gradu tes per year 40 Ph.D.

40 M.S.

Demand
Present Annual Need for New Ph.D. Graduates

Industry 100
New"and Replacement Faculty 25
Total 4125

Long-term Steady-state Need in MINT Research
`0 Students 500

Faculty 125
Graduates per year 100 Ph.D.

100 M.S.



zt

' TABLE $tom

A NATIONAL TRATEGY FOR MINT RESEARCH.

Sort with 2-4 Centers of Exc Hence

Research there will demonstrate utility of the concept

SponStrt thOUld encourage complementary activities rather than
competition

Establish Well-pu ized and Supported NSF Progr

onel priorityIdentify MINT research as high nat

Stress multidiseiplinary nature of MINT

Encourag new entrants, (ficulty and students)

Direct funds specificirllyto MINT
41#

Establish Support for Visitir:tg FacUity at MINT Centers

Encourage University/Industrial Inteic anges

-Continue and expand all existing methods

7

in MINT for Single Investigators

Initiate industry/University fellowships, for exchange of technical staff,
es,-ecially for small R&D-oriented firms

Expand Pool Of Referees for MINT Proposals

Follow Meeting in Approximately Two Yea

4
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Dr. James Ali&
Quantu El ctranics, Waves and Beams
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Natio ari Science Foundation
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Mechanical Engineering Department
University of CA at Berkeley
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Deputy Director. Electrical

Computer & Systems Engineering
National Science Foundation
Washington, D.C. 20550

Mr. Stewart Cummins
AFWALIAADE
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Ohio 45433
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Electrical Engineering &

Computer Science
George Washington University

'Washington, D.C. 20052

Ms. Susan Dunkle
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Carnegie Institute of Technology
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Division Director, iectrical

Computer & Systems Engineering
National Science Foundation
Washington. D.C. 20550
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Prof; F-itz Frie laerideri.
School of Elect ical Engineering
Purdue University <---
West Lafayett4; IN 47907

Dr. Joe Geullic
Bell Laborories
600 Mountain Avenue-
Murrayhill. NJ 0 74

Dr. Paul Hayes
NASA Langiey Res rch Center
Hampton, VA 2 6

Dr. sAI ,Hoagland
IBM Corporation
5600 Cottle Road
San Jose, CA 95193
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Intel Magnetics
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Dr. John C. Hurt
U.S. Army Research Office
Research Triangle Park. NC 22709
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Dean. Carnegie Institute of Technology
Carnegie-Mellon University
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Prof. JaCk Judy
Electrical Engineering Department
University of Minnesota
Minneapolis; MN 55455

Prof. Mark H. Kryder
Electrical Engineering Department
Carnegie-Mellon University
Pittsburgh, PA 15x213

Dr. James U. Lemke
Spin Physics, Eastman Kodak Co.
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Dr. John Mallinson
Ampex Corporation

Redwo40_ Broadway-
R od City. CA 94063

Mr. William Meiklejohn,
GenerAl Electric
Corporate Research_ & Development
Schenectadv. NY 12301

Dr. Peter Melz
i5M Corporation
5600 Cottle Road
San Jose. CA 95112

Prof. Jim Monson
Engineering Department
Harvey Mudd College
Claremont. CA 91711

Mr.,John Morrison
Magnetic Peripherals
7801 Computer. Avenue
Minneapolis, MN 55435

Dr: Robert Potter
LANX Corporation
1750 Junction Avenue
San Jose. CA 95112

Mr. John Povolny
3M Corporation
Memory Technologies Group
St. Paul. 0%J 55144

Ms. Lynn Preston
Acting Hiezid. Office of

Interdisciplinary Research
National Science Foundation
Washington. D.C. 20550

Dr. Jan Rajchman_
258 Edgerstoune Road
Princeton. NJ 08540

Mr. Andrew Rose
Memorex Corporation
Santa Clara. CA 95052

3
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Dr. Robert Rottmayer
Digital! Equipment Corporation
146 Main Street
Maynard; Massachusetts 01754

Dr. M. Lea Rudee
Dean. Div. of Engineering
University of CA at San Diego

Jolla.La CA 92093

Dr.. Jack Sanderson
Assist-ant Director of the

Directorate for Engineering
Natioral Science Foundation
Washington; D.C. 20550.

Dr. Elias (Al) Schutzman
Electrical and Optical Communication
Division of Electric. Computer and Systems Enaineering
National Science Foundation
Washington. DC 20550

Prof. John Sivertsen
Materials Science &

Chemical Engineering
University of Minesota
Minneapolis; MN 55455

Prof. Ron Soohoo
Electrical Engineering &

gomputer Science
University of CA at Davis
Davis, CA 95616

Prof. Harry Suhl
Physics Department
University of CA at San Diego
La Jolla; CA92093

Dr. David Thompson
!BM T. J. Watson Research Center
PO. BOX 218
Yorktown Heights. NY 10598

Dr. Robert White
Xerox Corporation
PARC
Palo Aim; CA 94304
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