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SUMMARY

A plan has been formulated and selected fOVASA Phase [ISBIR award for
usingthe VLBA tape recordefor recording generadata. The VLBA tape recorder is a
high-speed, high-density linealape recorder developetbr Very Long Baseline
Interferometry (VLBI) which is presentlgapable of recording at rates up to 2 Ghit/sec
and holding up to 1Terabyte of data on one tapasing aspecial interface and not
employingerror correction. A general-purpose interface and error correctibeing
added so that the recorder can be used in other high-speed, high-capacity applications.

RECORDER CHARACTERISTICS

The VLBA recorder was developed specifically for recording VHBtausing the
Very Long Baseline Array of radio astrononayntennasbuilt by the National Radio
Astronomy Observatory. It is an evolution thie technology developed fahe NASA
Mark IlIA VLBI recording system at MITHaystack Observatory. Its characteristics may
be summarized as follows:

Recording medium: 1-inch-wide D1-equivalent| i thick tape

Head type: 3&m width, single-crystal ferrite

Bit density: 56,000 flux transitions per inch

Format: continuous linear tracks, NRZM, magnetic saturation
Tape speed: For 9 Mbit/sec data, 160 inches per second

MTBF: 10,000 hours typical

Head life: 5,000-20,000 hours depending on environment

Head replacement cost: ~$1/hour per 34-track headstack

Maintenance: headstack and tape path cleaned with a cotton swab

at each tape change.

A single headstack writes and reads 34 data tracks at a time. The headsnare 38
wide and are separated by 69818, so that potentially 698.5/38 = 18.38 passes could be



written on the tape. Howevespme allowance for guard banostween tracksnust be
made, since the magnetic gap is exactly perpendicutaetdirection otapemotion and
theremust be no crosstalietween tracks. A practichinit is 16 passes, whiclgives a
track spacing of 43.um with a guardband of about fum. There are thus 54data
tracks on the tape. Future improvements in tapes and heads are expected tothisrease
number.

The tape is aD1- or S-VHS equivalenttape available from both 3Mand Sony.
This tape is 1um thick, and 20,500 usable feet are contained on a 16-inch reel (only 14-
inch reelsare currently used)The bit density supportable on thépe is60,000 bits per
inch, soeach trackcontains 14.4Gigabits. The wholéapewith 544 tracks then holds
about 8.03 Terabits, or one Terabytdsingthe error-correcting formdteingdeveloped,
this becomes 788 Ghytes of user data. The cost of one rigs tzfpe ispresently about
$1500, or $1.90 per Gigabyte. Afhe maximum user data rate supported by one
headstacknamely 69.44 Mbyte/sec, om@pelasts approximately 192 minutes. Up to 4
headstacks may be mounted on one transpieftling an aggregate recordingte of 278
Mbyte/sec with a recording time of 48 minutes. This is also the time required to duplicate
a tape.

Typical tapelife is severahundred read-write cyclaacluding shippingonce per
month in uncontrolled conditions.

INTERFACES

The data interface in the preseWitBA recorder is aset of paralleldatalines,
each supplying data directly to a single head in the headstack. Formatting of the user data
consists of adding synchronization words, tiooeles, identificatiorata, and parityits
in an external formatter. These bits aimaply transferred directly to tape. On playback,
the signals from each head are amplified, equalized, and routed to bit synchronizers which
recover theclocks fromeach datastream. All further processing is performed in an
external unit which recovershe synchronization codes, de-skewle tracks, and
combines the data into a desired format.

In the system under development, the recorder will be responsita# fonctions
of formattingand deformatting. The useill supplydata over a standard interface and
recover data from the recorder over the same interface.

For the data rates of concern, there ipreme “standard” interfacenamely the
High-Performance Parallel Interface, or HIPPI, defineANSI X3.183-1991, as defined
by the ANSI Task Group X3T9.3. Wsdave adoptedhis interface as the standard
recorder data interfac®r both record and playback fatl applications. TheHIPPI
channel consists of 32 balanced ECL signals with a common 25 MHz clock and a transfer
protocol allowing bursty transmissions. For applications requiring fésm the full
channel capacity, fewer tracks than thaximum will bewritten, giving 800, 400, 200,
and 100 Mbit/sec HIPPI transfer rates.



The HIPPI channel is a one-way device, so two HIPPI channels are needed in
order to accommodate both record and playback functions. Commercially available chips
provide a single 100 Mbyte/sec HIPPI interface. In the prototype system, two headstacks
will be employed, enabling mmaximum 0f138.88 Mbyte/sec to be recorde&ince the
recorder speed can be sd@th very fine resolution, iwill be chosen such that the bit
density remains at 56,000 bits per inch.

Since other high-speed protocols and fiber optic interfaces such as advanced ATM
are coming into use, it is essential ttie¢ recorder be expandable to accommodate them.
The plan is eventually to add, for example, an ATM-to-HIPPI interface and continue to
operate the recorder exclusively from the HIPPI interfaldgs simplifiesthe interfacing
problem by placing it outside the recorder proper.

A single low-speed interface will suffice to ¢kt recording mode and control the
playback processThis will be a9600 baudRS-232Cinterface,permitting operation by
any computer.

ERROR CORRECTION

For an individualtape track,which isthe minimal recording sub-channel, the
important characteristics for the VLBA recorder as it is presently used are as follows:

Random errors: Bit Error Rate (BER) %3104 with 10-year-old tape;
typically 3x 106 with new tape, ¥ 10> with 3-year-old tape

Burst errors: Typical length 100-1000 bits; typical rate 1 burst {rbits;
bursts usually cause loss of bit synchronization

Random errorsare caused bylow signal-to-noiseratio (SNR), imperfect
equalization, and imperfect bit synchronization. Burst errors are cpusetily by tape
defects and are consequertilghly dependent on the particul&pe in use; angystem
of error correction must accommodate the worst-case tape. In onténinozethe data
lost to dropouts, the distance between sync words should be comparablsize thfethe
dropouts.

For typicalimagingdata, abit errorrate better than % 109 is required. Other
applications require bit error rates as low as1D13,

Recently, VLSI chip sets which implement Reed-Solomenror correction
algorithmshave become available, asdmecan run at thelata rates iwhich we are
interested. Such chips are available from such manufacturers as LSI Logic and CNR, Inc.
It appears thatsuitable devices for this applicatioare available from Advanced
Hardware Architectures (AHA). Wavill use theAHA4011 device, which has the
following characteristics:



Input data format: 8-bit parallel (byte organization)

Data rate: 10 Mbyte/sec (80 Mbit/sec)

Max block length: 255 bytes (programmable)

Max errors correctable: 10 per block (or 20 erasures)

Other features: No external buffers or control required
Cost: $20 each in large quantities

Data will first be coded into data blocks of length 235 bytes.ekRohsuch block,
we will programthe AHA4011 toadd 20 error correction bytes to make the tbtatk
length 255. This is an overhead of 8.5%.

This schemewill permit correction of up to 10 errors or 20 erasures (or a linear
combination of both). Evenwith a raw bit errorate of 1x 104, the corrected code
block error rate is predicted to bex7.0-15, which satisfies our requirements. The errors
will be decorrelated by interleaving the data over a distiomgeenough sdhatonly one
or two bytes from each code block are contained within a single error burst.

CONFIGURATION

The VLBA recorderuses a Metrum Model 9%pe transportwhich is a full-size
rack of hardware. In the new configuration, it will contain:

VME-based control computer

HIPPI interfaces with buffers

Error correction/formatting boards

Analog write drivers

Analog playback amplifiers/equalizers
Clock recovery (bit sync) boards
Deskewing buffers

Transport and headstack motion controllers
Power supplies

The prototype system will be equipped with two headstacks and so will be capable
of recording up to about 144 Mbyte/sec of udata. Adding two additional headstacks
and supporting electronics could bring the total to 288 Mbyte/sec.

RECORDING AND PLAYBACK PROCESS

In addition to error correction, some formatting must be introducéteiform of
synchronization words, modulation, atwhgitudinal parity. Sync wordare absolute
identifiers of tape block start points. Datedulation by a pseudo-randasaquencevill
guaranteeoughly equal numbers of onesd zeroes ithe dataregardless otontent.

The addition of longitudinal parity bits on each track will force sufficient transitions in the
NRZM format so that good bit synchronizer performance can be maintained.



Upon playback, the paritymodulation, sync, anadther formatting information
must be undonend stripped out, anthe error correction bytes used to restore the
original user data.This datamustthen be reformatted so that it can be transmitted over
the HIPPI interface back to the user.sémmary ofthe recording and playback process
is shown as Figure 1.
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Figure 1. Data flow to and from the recorder

In much of the recording and playback electronicsstrae circuitrycan be used
to perform both the recording and playback processing.

DEVELOPMENT STATUS AND SCHEDULE

The standargbarts of the recorder are about 90% completemastly tested as
of this date (2 April 1996). The top levd¢signs of althe new electronics are complete.
The HIPPI interfacedesign iscomplete and ready for fabrication;sihould begin testing
this month,using anEssential CommunicationtdAPPI HIPPI tester as the source and
destination for HIPPIransmissions. The detailetksignfor the error correction and
interleaving board is nearly complete. Detailed design on the formatting and deformatting
system should begin iMay 1996. Some ofthe control softwarelefinitionsare in place



and some control software has been written. The completion target date for the prototype
recorder is September, 1996.

FUTURE USES

We anticipate that a recorder capable of 288 Mbyte/sec record rate will find many

uses. Large data bases such as scientific data, mimclcgs.and satellitedatacome to

mind immediately. Special high datate applications in science armghgineeringarealso
potential usersincluding radioastronomy, particle accelerators, amichd tunnels. It is
conceivable thaligh data ratenetworks would also finghe recorder of usalthough it

will probably be necessary to addasge memonbuffer to thesystem in order to use
what is essentially atreamingtape drive in an application with intermittent recording
requirements.

PLANNED FUTURE IMPROVEMENTS

There are anumber of possible improvements in development uoder
consideration. A thin-filmhead arraywould make possiblérack width reductionfrom
the present 3m to 4um usingpresent tapeachievingthe sameSNR as apresent. It
would also make possibtbe use ohigher coercivity, higher SNR, fingraintapes such
as barium ferriteand metal particldW-VHS or equivalent). Improvements in tracking
would allow reduction of trackwidth to 1 um; coupled withthe advanced tapehis
would make possible a volume density of 1gst pm®, resulting in up to 100 Tbytes on
one tape volume within a few years.

Also under consideration is a mechanical redesigtheftape transportyhich
would retainthe excellentracking characteristics dhe presenMetrum transport in a
new, compact packageThis would allowuse of thehigh densitytapeformat in some
applications requiring transportabilitand theoption of using tape cartridges with a
robotic changer and automatic loading.
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