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I attended the 2009 International Conference on Magnetics (InterMag) on May 6 & 7, 2009 in Sacramento, CA.  I was able to listen to several sessions related to magnetic recording technology.  Following are some highlights from the conference.
Session CP, Patterned Media (II) Poster Session

There were several sessions on patterned media at this year’s InterMag conference.  They ranged from making the patterns, planarization of the resulting topography as well as modeling and experimental data on patterned media.  Most of the papers in this session focused on true 3-D patterned media although there was much talk in the halls regarding when discrete track (2-D patterned) media would be introduced.  From this talk it was pretty clear that all the hard drive and disk companies are working actively on discrete track media.  I am still led to believe that the next big technology introduction in HDDs will be discrete patterned media with the first products (although very low volume and made at high cost) showing up either by the end of this year or in 2010.
Session CD, Magnetic Recording Physics

Because of the flu scare in the US there were no researchers from Japan or Singapore at the InterMag conference.  I think there were also folks from Europe that did not attend this year due to health concerns.  Thus there were many papers that were not given or given by someone from the US.    This lead to many holes in some sessions and extended break times. 
This session covered exchange spring perpendicular recording media, media noise, shingled write recording and other topics on increasing areal density of recording using approaches extending current technologies further.  There are probably 2-3 more generations possible using these approaches before the industry is forced to introduce more radical technologies such as DTR/BPM or HAMR/EAMR.

Session CF, Spin Electronics and Applications (Non-Recording) MRAM

Despite the title for this session Mark Kryder, now at professor at CMU in Pittsburg gave an invited talk called “After hard drives—what comes next?”  He said that current HDD areal densities are about 500 Gbpsi (far from the fundamental limits).  The ISIC targets a 10 Tbpsi areal density demonstration by 2015.  This density of storage would allow 7 TB on a single 2.5-inch disk for a cost of about $3/TB for a 2-disk drive.  He speculated that this technology would be in production by 2020 with a 40% annual compound areal density growth rate.  Flash memory has been widely adopted in consumer products and computer storage products are starting to appear on the market using flash memory.  However flash memory does not compete with HDDs on $/GB of storage and it faces its own issues with scaling of the lithographic process to enable higher storage densities.  For this reason it is worthwhile to look at non-volatile storage technologies that could eventually displace flash memory and hard disk drives.
Twelve non-volatile storage technologies were examined and evaluated by various important criteria.  Some of the results of this analysis are summarized in the table below:
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Session EC, Energy Assisted Magnetic Recording
There were interesting papers in this session.  The first paper from Hitach GST, EC-01,  discussed experimental results using HAMR technology.  What was interesting in particular was that the areal density actually demonstrated was only 250 Gbpsi (current shipping products are more than 400 Gbpsi).  A knowledgeable participant told me that one issue with EAMR areal density was making fine grained media that worked with it.  Another issue is heat confinement to the track being recorded on.  An interesting paper, EC-04, used a negative index of refraction material for the energy coupling into the recording media.  This apparently worked with 700 nm light—very small wavelength for this technology.
Session EF, Magnetic Recording:  Systems, Coding and Channel

Bob Fontana from IBM gave a very interesting presentation (Steve Hetzler was a co-author) on a comparison of HDD and solid state memory showing that the capital investment needed for flash to provide the storage capacity that HDD provides would be over $1 trillion.  He gave very insightful perspective on expected capability and developments of HDDs but he thought DTR would cost about $20 billion in capital investment.  I think he overestimates this based upon a photolithography model vs. the actual planned nano-imprint approach.  Following is an interesting table from his digest.
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Session FA, Symposium on Shingled-Writing and Two Dimensional Magnetic Recording

This was a very interesting session.  Shingle-writing is a concept long used in WORM tape storage where tracks overlap each other during writing.  This allows an effective recorded track width that is narrower than the head width.  Two-dimentional magnetic recording is a channel processing approach that can identify patterns and extract data when adjacent tracks on a surface magnetically interact with each other.
Paper FA-01 was submitted by folks from Japan that weren’t there but Mason Williams gave the talk.  This was a very interesting talk showing projections from the Japanese research groups such as SRC on the future of magnetic recording and the technologies developed to achieve them.  Note that there is an ISIC initiative to achieve 10 Tbspi but this presentation also projected a celebration of the 100th anniversary of HDDs in 2056 as well as 1 Pbpsi storage using “atomic recording” by the end of the century—go for it!  Below is a chart from the paper abstract.

[image: image3.png]Areal Density (Gblin?)

Fig.1 Areal density R&D targets

3020 an X200, R viood. ot a.
bient Temp T e Toor o8 THRC 2008, CC4

Fig.2 Four technology options




Paper FA-02 was presented by Mason Williams, since Japanese authors could not attend.  It addressed the technology behind shingled write.  The figure below shows the basic concept.  Note that write in place would not be possible with this recording approach which is why it has been used in applications such as WORM in the past.  Paper FA-03 also dealt with shingled writing with some experimental results.
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Fig. 1 Shingle-write concept.




Papers FA-04 and FA-05 dealt with two-dimensional magnetic recording.  In 2-D magnetic recording adjacent tracks interact with each other but there is still information from the interacting tracks that can be extracted and turned into data.  This is an advanced channel technology that looks cross-correlation between bits and can then identify with varying degrees of accuracy the actual recorded bits.  The figure below is from the second of the two papers showing actual experimental data.
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The final paper in this session was given by Garth Gibson, a well know storage system designer.  It addressed system design considerations for shingled write or 2-D magnetic recording implementation.  He pointed out that magnetic recording with shingle writing well need data management similar in some respects to flash memory devices used today since there would need to be rewriting in blocks of data.  He said that reading multiple tracks to get the data required to do 2-D magnetic recording will require very effective buffer caching.  He also pointed out that there may need to be non-volatile log file storage.  He brought up the possibilities of hybrid storage to achieve the best advantages in storage technologies and to help in the implementation of either shingle write or 2-D magnetic recording.
