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For more than 40 years, magnetic 
recording has been the dominant tech­
nology for electronic data storage. Dur­
ing this time, the areal storage density 
on disks has risen to >lOB bits/cm2• On 
tapes the corresponding figure is 0.2 x 
JOB bits/cm2• Thus each bit uses about a 
1.0 1.1-m2 area. These bits ani written and 
read at data rates that require head-disk 
relative speeds of tens of meters per sec­
ond and head-tape relative speeds of 
several meters per second. All this is 
accomplished at head-disk spacings of 
==0.2 1.1-m and with contact recording 
for tapes. 

It is truly a wonder that the systems 
work as well as they do. In fact, for 
many features in magnetic recording 
systems it isn't certain why they work as 
well as they do. However, the demand 
for storage capacity is estimated to be 
increasing at about 40% per year. So it is 
natural to ask whether magnetic record­
ing can maintain its present dominant 
position in the foreseeable future. The 
answer is-"Very likely, yes"-but 
this prediction is based on the assump­
tion that a number of formidable fasci­
nating problems will be solved in order 
to increase the areal bit density. 

The five articles in this special issue 
present the state-of-the-art in those key 
areas of magnetic recording that involve 
materials science, and they define the 
problems involved in increasing storage 
density. James U. Lemke discusses the 
background and outlook for magnetic 
recording. Tomasz Jagielinski considers 
recording heads. The tribological issues 
of lubrication and overcoats are pre­
sented by A.M. Homola, C.M. Mate, 
and G.B. Street. Particulate media are 
covered by M.P. Sharrock, while thin 
film media are described by Jack H. 
Judy. 

Future magnetic 
recording systems will 

utilize materials 
engineered on the 
nanometer scale. 

In all of these areas, the dimensional 
unit of interest is rapidly becoming the 

nanometer. This is due in part, of 
course, to the shrinking dimensions of 
the various components of recording 
systems. Another reason is that the 
structural and magnetic properties of 
surfaces and interfaces are increasingly 
occupying the attention of investigators 
in magnetic recording. Every one of the 
present electron, photon, neutron, and 
tunneling surface characterization tech­
niques are employed. 

The object is more than understand­
ing and controlling surface behavior. 
Magnetic recording systems of the 
future will utilize materials engineering 
in the true sense of the term-namely, 
manipulating surface and interfacial fea­
tures to create magnetic properties that 
are simply not available in equilibrium 
systems. Particulate media have long 
benefited from this approach; the parti­
cles in videotapes are surface treated 
with cobalt to increase coercive force. 
Sputtered film media already rely on 
interactions with appropriate underlay­
ers to achieve control of grain size and 
orientation. The dimensional consider­
ations and interfacial interactions are 
perhaps most dramatically demon­
strated by the thickness of the lubricant 
that protects disks rotating at tens of 
meters per second-namely, several 
nanometers. An indication of future 
trends is the strong current interest in 
artificial superlattices as potential head 
materials. Clearly, we are in an era of 
difficult but exciting challenges as we 
begin to explore the magnetic recording 
potential of "materials engineering" on 
the nanometer scale. 

Acknowledgment 
I would like to take this opportunity 

to acknowledge the contribution of 
Matthew Libera, Stevens Institute of 
Technology, for his role in helping to 
conceptualize this overview series on 
magnetic materials and in supporting 
the editorial staff. 0 

Ami Berkowitz Andrew M. Homola 'lbmasz M. Jagielinslrl JackR.Judy 

MRS BULLETIN/MARCH 1990 23 



Magnetic Recording Materials: Present and Future 

James U. Lemke C. Mathew Mate Michael P. Sharrock G. Bryan Street 

Ami Berkowitz, Guest Editor bourne, Australia. Homola's films for magnetic recording of 3M Company, St. Paul, 
for this issue of the MRS current research interests heads and media. Minnesota. Since 1979 he has 
Bulletin, is a professor in the include dynamic properties worked at 3M in the areas of 
Physics Department and the of molecularly thin liquid James U. Lemke is president magnetic materials and mag-
Center for Magnetic Record- films and interfacial forces in of Recording Physics, Inc. netic recording. His major 
ing Research at the Univer- polymer systems. and adjunct professor at the current research interests 
sity of California, San Diego. University of California, San include the time-dependent 
He received his PhD in phys- Tomasz M. Jagielinski is the Diego. A former fellow of magnetic behavior of small 
ics from the University of manager of the Magnetic Eastman Kodak Research particles (especially with 
Pennsylvania and was previ- Heads Research Laboratory, Laboratories, he is co- reference to high-density 
ously associated with Frank- Mass Memory Division, founder of the Center for recording), the magnetic 
lin Institute Research Eastman Kodak Company, Magnetic Recording Research characteristics of barium 
Laboratories, the IBM Re- San Diego, California. He at the University of Califor- ferrite, the effects of cobalt 
search Center at Yorktown received his MS, Dipl. Eng. nia, San Diego. He is the ions in iron oxides, and the 
Heights, the IBM Compo- and PhD (with honors) in author of numerous papers recording properties of partie-
nents Division in Burlington, solid state electronics from in the field of magnetic re- ulate media. He has pub-
Vermont, and the General the Warsaw Institute of Tech- cording theory and practice, lished numerous papers in 
Electric Research and Devel- nology, Poland. His principal and also holds many patents these areas and in Mossbauer 
opment Center. His research research interests are in mag- in the field. Lemke is a mem- spectroscopy. He received a 
has primarily involved crys- netic and elastic properties of ber of the National Academy PhD in physics from the 
talline and amorphous mag- crystalline and amorphous of Engineering, IEEE Mag- University of lllinois (Urbana) 
netic alloys and compounds alloys. Since joining Eastman netic Society, American Phys- in 1973 and has held posi-
in bulk, film, and fine particle Kodak Research Laboratories, ical Society, AAPT, and tions as a research fellow at 
form. His present activities he has been responsible for STLE. the University of Pennsylva-
include investigations of the research and develop- nia and as a faculty member 
magnetic structure and be- ment of magnetic materials C. Mathew Mate has worked in the Physics Department of 
havior at surfaces and inter- for thin film heads. He has at IBM's Almaden Research Gustavus Adolphus College. 
faces, magnetization authored or co-authored over Center, San Jose, California 
relaxation in particles and 70 technical papers in the since 1986. He has concen- G. Bryan Street received his 
films, and the analysis of magnetic materials field. trated on the development of PhD in applied science from 
ultrafine particles of various atomic force microscopy for Leeds University in 1962 and 
systems prepared by the Jack R. Judy is professor of atomic-scale investigations of has worked in the IBM Re-
spark erosion technique. electrical engineering and the tribology of the head-disk search Laboratory, San Jose, 

director of the Center for interface. He received a BS in California since 1964. Cur-
Andrew M. Homola is a Micromagnetics and Informa- engineering (1981) and PhD rently, he is manager of ad-
research staff member in the tion Technologies (MINT) at in physics (1986) from the vanced recording technology 
Storage Systems and Tech- the University of Minnesota University of California at at the IBM Almaden Re-
nology Department at the in Minneapolis. He received Berkeley. His PhD thesis search Center. He has more 
IBM Almaden Research his PhD in electrical engi- research, supervised by Prof. than 110 publications to his 
Laboratory, San Jose, Califor- neering in 1965 from the G.A. Somorjai, involved credit and holds six patents. 
nia. He joined IBM in 1978 University of Minnesota and studying how organic mole-
after receiving a PhD degree subsequently was involved in cules interact with metal 
in colloid and surface chernis- studies of magneto-optical surfaces under ultrahigh 
try from McGill University, thin films and magnetic vacuum conditions. Articles begin 
Montreal, Canada, in 1974. recording at IBM. His re- on p. 31. For the academic years 1974- search interests include mi- Michael P. Sharrock is a 
1978, he was a research fellow crornagnetics, magneto- seruor researcher in the 
at the University of Mel- optics, and magnetic thin Memory Technologies Group 

24 MRS BULLETIN/MARCH 1990 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.03333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c00650072002000310030000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e006500200028004a006f00750072006e0061006c00730029002e000d0028006300290020003200300031003300200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




